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1 Abstract

Background: Extremely preterm infants (born at <29 weeks of estimated gestational age [EGA]), are at
increased risk of mortality and morbidities. Although some evidence suggests that persistence of patent
ductus arteriosus (PDA), common in premature newborns, contributes to adverse outcomes. Limited data
on the benefits of PDA closure has led the American Academy of Pediatrics to recommend against
nonsteroidal anti-inflammatory drugs (NSAIDs) use in preterm newborns for the purpose of PDA
closure. Few studies to date have evaluated the outcome of this conservative approach. We hypothesize
that a conservative approach policy is not associated with worsening of the outcome of death or
bronchopulmonary dysplasia (BPD - defined as use of oxygen or respiratory support at 36 weeks
corrected age) in babies born at <29 weeks, and most specifically in the most vulnerable ones born at
<26 weeks.

Methods: We used the “difference in differences” (DID) method, a quasi-experimental design, to
evaluate the impact of PDA non-intervention management policy on adverse outcomes. The analysis
included all newborns <29 weeks born between 2011 and 2017 at two comparable sites, excluding those
who had a congenital anomaly or had been transferred to either site after the first 24 hours after birth.
Site 1 (control) continued using NSAIDs and/or ligation throughout the study period, while Site 2
(exposed) changed clinical practice in September 2013, abandoning the use of NSAIDs or ligation for
PDA. Epoch 1 was defined as birth years 2011 to 2013, while Epoch 2 was defined as birth years 2014
to 2017. We assessed changes in death or BPD after the policy change at site 2, controlling for secular
trends (site 1), among all newborns and in the sub-group born <26 weeks. We verified parallel trends
assumption visually and performed several sensitivity analyses.

Results: The analysis comprised 1249 infants, including 341 born <26 weeks. Baseline characteristics
of newborns were similar across sites in terms of EGA, severity of illness at birth, exposure to antenatal
and post-natal steroids and sex. Distribution of EGA at birth between groups in each epoch were similar.
Adherence to policy indicated that use of NSAIDs and ligation declined progressively to 0% at Site 2,
while it remained stable at Site 1. After taking into account time-invariant differences between sites and
secular trends, there was no change in death or BPD after policy change (5%-point, 95%CI: -7 to 17%)
in the entire cohort of newborns. However, frequency of the primary outcome of death or BPD increased
by 30% among infants born at <26 weeks [95% confidence interval (CI): 11 to 49%]. A model with a
one-year lagged effect revealed a stronger association after policy change (35%, 95%CI: 17 to 53%)).
SNAP-2 score (placebo) did not change in either site following the change in policy, suggesting that our
results were not due to changes in the severity of the patients in this time period.

Conclusion: Adherence to a strict policy of non-intervention towards the PDA in <29 weeks EGA
population was not associated with an overall increase in death or BPD. However, the policy was
associated with a significant rise in death or BPD in infants born at <26 weeks EGA. Future studies
should specifically address if closure of PDA in this high-risk population is associated with improved
outcomes.
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2 Abrégé: Issues néonatales des nouveau-nés extrémement prématurés en comparant deux
approches médicales du canal artériel

Contexte: Les nouveau-nés extrémement prématurés (né a 29 semaines d'adge gestationnel [AG] et
moins) sont exposés a un risque accru de mortalité et de morbidités. La persistance du canal artériel (CA)
a été associée a des issues défavorables. Les études portant sur la fermeture du CA n’ont pas été associées
avec une amélioration du devenir. Ainsi, I'American Academy of Pediatrics a recommandé contre
I’utilisation des anti-inflammatoires non stéroidiens (AINS) chez les prématurés dans le but d’accélérer
la fermeture du CA. A ce jour, peu d'études ont évalué cette approche conservatrice de tolérance du CA.
Nous formulons I’hypothése qu’une politique conservatrice n’est pas associée a une augmentation du
déceés ou une aggravation de la dysplasie broncho-pulmonaire (DBP — définie comme nécessitant un
support respiratoire ou en oxygene a 36 semaines d’age corrigé) chez les 29 semaines et moins, et
spécifiquement chez les plus vulnérables nés a <26 semaines.

Méthodes: Nous avons utilisé la méthode de la double différence, un modele quasi-expérimental, afin
d’évaluer 1'impact de la politique de non-intervention du CA sur nos variables dépendantes primaires
(mortalit¢ ou DBP). L'analyse a porté sur tous les nouveau-nés agés de 29 semaines ou moins, sans
anomalie congénitale, nés en 2011-2017 sur 2 sites comparables (ou ayant été transférés au cours des
premicéres 24 heures de vie). Le site 1 (groupe témoin) a continué I'utilisation des AINS et/ou la ligature
du CA tout au long de la période de I'¢tude, tandis que le site 2 (groupe exposé) a adopté une politique
en septembre 2013 d’abandon de l'utilisation des AINS ou de la ligature. L'époque 1 a été définie comme
étant les années de naissance 2011 a 2013, tandis que I’époque 2 comme les années de naissance 2014 a
2017. Nous avons évalué I’'impact apres le changement de politique au site 2, en contrdlant pour les
tendances séculaires (site 1) dans l'ensemble de la cohorte et chez les <26 semaines. Nous avons vérifi¢
visuellement pour s’assurer de la tendance parallele de nos variables dépendantes primaires avant
I’adoption de la politique et effectué plusieurs analyses de sensibilité.

Résultats: L'analyse a porté sur 1249 nouveau-nés (341 <26 semaines). Les caractéristiques des
nouveau-nés étaient similaires d'un site a 'autre en termes de sévérité de la maladie a la naissance, de
sexe, d’exposition aux stéroides anténataux et postnataux. La distribution des AG a la naissance entre les
groupes de chaque époque était similaire. L analyse de 1’adhésion a la politique adoptée a démontré que
l'utilisation des AINS et de la ligature a diminué progressivement jusqu'a 0% pour le site 2, alors que
I’utilisation de stratégies de fermetures du CA est restée stable pour le site 1. Apres avoir pris en compte
les différences invariantes dans le temps entre les sites et les tendances séculaires, aucun changement de
déces ou de DBP n’a été démontré aprés I’adoption de la politique (5% d’augmentation de la mortalité
ou DBP, intervalle de confiance [IC] de 95%: -7 a 17%) pour les 29 semaines ou moins. Le nombre de
déces ou de DBP a augmenté chez les nourrissons nés a <26 semaines (30%, IC 95%: 11 a 49%). Un
modele avec un effet décalé d'un an a révélé une association plus forte apres 1’adoption de la politique
(35%, IC 95%: 17 a 53%). Le score SNAP-2 (placebo) n'a pas changé pour les 2 sites apres I’adoption
de la politique, ce qui suggere que nos résultats ne sont pas dus a des changements dans la sévérité de la
maladie des patients au cours de cette période.

Conclusion: L'adhésion a une politique de non-intervention vis-a-vis du CA dans la population des 29
semaines et moins n’est pas associée a une augmentation du nombre de décés ou de DBP. Cependant,
cette politique est associée a une augmentation du nombre de décés ou de DBP chez les moins de 26
semaines. De futures études devront déterminer si la fermeture du CA dans cette population a haut risque
est associée a une amélioration des issues.
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6 Abbreviations

Bronchopulmonary dysplasia (BPD)

Canadian Neonatal Network (CNN)

Carbon dioxide (CO»)

Cerebral palsy (CP)

Corrected age (CA)

Estimated gestational age (EGA)
Difference-in-Differences (DID)

Gestational age (GA)

Gross Motor Function Classification System (GMFCS)
Hemodynamically significant patent ductus arteriosus (hsPDA)
Intra-ventricular hemorrhage (IVH)

Montreal Children’s Hospital (MCH)

Necrotizing enterocolitis (NEC)

Non-steroidal anti-inflammatory drugs (NSAIDs)
Patent ductus arteriosus (PDA)

Post-menstrual age (PMA)

Pulmonary vascular resistance (PVR)

Retinopathy or prematurity (ROP)

Neonatal Intensive Care Unit (NICU)

Non-steroidal anti-inflammatory medications (NSAIDs)
Randomized Control Trial (RCT)

Systemic vascular resistance (SVR)
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7 Introduction and Objectives of the study

After birth, the rise in partial pressure of oxygen and loss of prostaglandins secreted by the placenta
leads to the closure of the ductus arteriosus, a fetal vascular structure connecting the systemic and
pulmonary vascular compartments. Preterm infants have an immaturity of these closure mechanisms,
leading to a persistence of the ductus (patent ductus arteriosus - PDA). With shifting resistances between
the two circulations, there is a post-natal reversal of flow at the ductal level, leading to a blood flow steal
from the systemic circulation to the pulmonary circulation.

The PDA has been associated to numerous complications of prematurity, including
bronchopulmonary dysplasia (BPD) and death (1, 2). In the hope to avoid these complications, numerous
studies have shown that non-steroidal anti-inflammatory medications (NSAIDs), acting on
prostaglandins inhibition, increase ductal closure (2, 3). However, these medications have numerous side
effects (3), and surgical ligation is associated with adverse complications (1). Although trials assessing
treatment effect have shown that medical and surgical approaches are successful at achieving PDA
closure, none have been associated with improved outcomes (1, 2). While the benefits of therapy are
unproven, there is still widespread use of NSAIDS or ligation in the extremely premature population.
Although few studies have documented the safety of a “conservative” approach of non-intervention and
its impact on BPD and mortality among premature newborns (3), the American Academy of Pediatrics
(AAP) recently recommended against the use of treatments for PDA during the first two weeks of life of
extremely premature newborns (1).

Our objective is to evaluate if premature newborns <29 weeks of gestational age exposed to a
conservative approach to PDA management have similar outcomes to premature newborns exposed to a
more traditional approach (NSAIDs and/or ligation). Furthermore, we were a priori interested in the
outcomes of those born at <26 weeks, as they are the most at-risk for mortality and morbidity related to
prematurity due to their vulnerability and immaturity. Our hypothesis is that the strict conservative

approach is not associated with worst outcomes (death and/or BPD) in extremely premature newborns.
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8 Literature review — Background and Rationale

8.1 The normal heart: physiology and anatomy

The normal heart anatomy is composed of four chambers and four valves, as well as two outflow
tracts (Figure 1). Oxygen in the blood is extracted by the systemic organs (brain, kidneys, gastro-
intestinal tract, skin, etc.) and is used for generation of energy by aerobic metabolism, using energy
substrates, such as: sugars and lipids. This process results in the production of carbon dioxide (CO»),
which must be eliminated by the lungs. Blood travels to the organs via a network of arteries, which in
turns branch out in small capillaries. Oxygen is extracted at the level of the capillaries and CO; diffuses
inside the blood. Capillaries collect into veins, which then brings blood to the heart via the superior vena
cava (upper body) and the inferior vena cava (lower body).

The de-oxygenated blood reaches the right atrium, which is connected to the right ventricle.
Ventricles are the muscular pumping chambers of the heart. The tricuspid valve, an atrio-ventricular
valve, separates the right atrium from the right ventricle. The function of atrio-ventricular valves is to
avoid backflow of blood into atriums during ventricular contraction. The blood is then transmitted from
the right ventricle to the pulmonary artery, passing through the pulmonary valve, which opens during
ventricular systole (contraction) and closes during ventricular diastole (relaxation), to avoid backflow
into the ventricle.

Blood reaches the right and left lung via the right and left pulmonary arteries. The lungs allow for
oxygenation of blood and for ventilation (the process of CO; clearance). Oxygenated blood reaches the
left atrium via the pulmonary veins. During left ventricular diastole, the mitral valve opens and the left
atrium empties into the corresponding ventricle. Following that, the left ventricle contracts, the mitral
valve closes and the aortic valve opens, and the oxygenated blood is ejected into the systemic circulation.
Due to the big vascular network covered by the systemic circulation, compared to the pulmonary
circulation, the blood pressure generated in the systemic compartment is typically higher than in the

pulmonary compartment.
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Figure 1: Normal heart and circulation
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Legend of Figure 1: Schematic representation of normal cardiac anatomy
and circulation to provide adequate oxygenation to systemic organs.
Deoxygenated (de-O2) blood is pumped by the right ventricle to the lungs and
oxygenated (O2) blood is pumped by the left ventricle to the body.

8.2 Fetal circulation

Throughout fetal life, oxygen and CO; exchange occurs at the level of the placenta (Figure 2).
Oxygenated blood reaches the right atrium via the umbilical vein, which is connected to the inferior vena
cava via the ductus venosus. The oxygenated blood enters the right atrium and goes towards the left
atrium, which is under-filled. Indeed, in the context of lung compression, pulmonary vascular resistance
(PVR) is high. Hence, only limited blood flow reaches the fetal lungs and, in turns, limited blood flow
reaches the left atrium via the pulmonary veins. A fetal atrial opening, the “foramen ovale”, allows for
shunting of blood from the right to the left atrium. Part of the right atrium content reaches the right
ventricle and is ejected into the pulmonary artery. Because of the high PVR and the relatively lower

systemic vascular resistance (SVR), oxygenated blood in the pulmonary artery is largely shunted into the
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aorta (systemic vessel), bypassing the lungs, via an anatomical bridge called the “ductus arteriosus”.

SVR is low during fetal life due to the connection of the fetal aorta to the placenta, which is a low

resistance system. Hence, the shunt via the ductus is described as being “right to left”, or “pulmonary to

systemic”. The ductus arteriosus remains open due to presence of prostaglandins (secreted by the placenta

and the ductus itself) and the low arterial content in oxygen found in fetal blood.

Figure 2: Fetal circulation
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Legend of Figure 2: Schematic representation of normal fetal circulation.
Blood is oxygenated in the placenta and is brought to the fetus via the
umbilical vein. The oxygenated blood enters the right atrium, and partly
enters the systemic circulation by the foramen ovale at the atrial level. Blood
entering the right ventricle gets pumped in the pulmonary artery. The
pulmonary vascular resistances are high because the lungs are compressed
and the vessels in the lungs are constricted. The systemic vascular resistances
are low because the fetus is connected to the low resistance placenta. Hence,
a lot of blood flow entering the pulmonary artery is diverted to the aorta via
the ductus arteriosus. The limited amount of blood flow travelling through the
lungs leads to decreased filling of the left atrium by the pulmonary venous
return, promoting the right to left shunt via the foramen ovale.
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8.3 Transition to extra-uterine life

After birth, the lungs expand, leading to both mechanical stretching of the intra-pulmonary
vasculature and an increased exposure to ambient oxygen. These events trigger a cascade of intra-cellular
mechanisms, which cause a rapid drop in the PVR by arterial vasodilation (4, 5). Also, the clamping of
the umbilical cord leads to the loss of the low-resistance placental vascular network and to a marked
increase in the SVR. During the transition to extra-uterine life, the increase in partial oxygen tension and
the loss of placental prostaglandins lead to vasoconstriction of the ductus, by contraction of the smooth
muscles surrounding the vessel wall, with complete obliteration in the first few days of life (6). Indeed,
vascular wall of the ductus arteriosus responds to increasing oxygen exposure by constricting (6).
Following that, there is progressive fibrosis of the ductus arteriosus, which becomes the “ligamentum
arteriosum” (6). Also, the increase in pulmonary blood flow results in an increase in the filling of the left
atrium by increased pulmonary venous return.

The progressive decrease of resistance in the pulmonary vascular network exposes the right
ventricle to decreasing afterload after birth, which triggers re-modelling and thinning of the right
ventricular muscular wall. The post-natal rise in SVR leads to the muscularization of the left ventricle.
The relative increase in left atrial pressure, compared with right atrial pressure, promotes shunting of
blood from the left to the right atrium via the foramen ovale, which has a flap closing in the left to right
direction. Overall, transition to extra-uterine life is marked by the progressive decrease in the PVR and
increase in the SVR (Figure 3). With shifting resistances between the two circulations, there is a reversal
of flow at the ductal level, leading to a physiological steal from the systemic circulation to the pulmonary

circulation (left [systemic] to right [pulmonary] shunt), which occurs before the expected final closure.
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Figure 3: Post-natal transition
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Legend of Figure 3: Schematic representation of the post-natal transition. Transition to extra-uterine
life is marked by a sudden increase in systemic vascular resistances (due to the clamping of the cord and
the loss of the low resistance placenta) and by the progressive drop of pulmonary vascular resistances.

8.4 The persistence of patency of the ductus arteriosus

The persistence of the ductus arteriosus after transition to extra-uterine life depends strongly on
gestational age at birth, as closure mechanisms are still immature in preterm infants. The ductus itself
produces prostaglandins, a function that is lost at later gestational ages (7). Spontaneous closure before
hospital discharge is expected in 85% of premature newborns with a birth weight <1500 grams
(8). However, PDA persists for a longer time in infants born at the extreme of prematurity (8-10).

Rolland et al. described a French cohort of 103 infants born at 24 to 27 weeks estimated gestational
age (EGA) between June 2009 and July 2010 (10). Of these, 12 (10%) died within the first 72 hours of
life and were excluded. Spontaneous closure within the first 72 hours of life was achieved in 8 out of the
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91 remaining patients (9%), all of whom were born at later gestational age (27 weeks + 5 days, vs. 26%7
weeks = 7 days among those with no closure by 72 hours). Patency could not be determined for 13
patients, since no echocardiography was carried out beyond the first week of life. PDA was present
beyond 72 hours of life in 70 infants, of whom 73% achieved spontaneous closure (and 1 required
ligation). Date of closure could not be determined for 18 infants due to death or discharge (n=11 and 7,
respectively). Only 28 infants were <26 weeks (27%), of whom 25 (89%) had a PDA, compared with 45
of 63 (71%) of those born at 2627 weeks. Rate of spontaneous closure was 60% (15/25) in the younger
group, compared with 80% (36/45) in the 26-27 weeks newborns.

Semberova et al., also described a cohort from two European level-3 neonatal units (Dublin-Prague)
(11). They included 368 very low birth weight newborns, 297 of whom had no congenital malformations
and survived to discharge. Of these, 280 (94%) received a conservative PDA management and 237 (85%)
achieved spontaneous closure. Median time to ductal closure was 71, 13, 8, and 6 days in <26+0, 26+0
to 27+6, 2840 to 29+6, and >30 weeks, respectively. In addition, 70% of the 48 newborns born before
<26 weeks achieved closure at follow-up.

Sung et al. followed 195 newborns born between January 2011 and June 2014 with EGA 23 to 28
weeks to evaluate spontaneous closure of the PDA. Out of the 54 newborns in the <25 weeks category,
only 6 achieved early closure (within one week of life) and 93% (n=50) were considered
“hemodynamically significant” by the authors. The <25 weeks was exposed to the longest time of
patency (compared with the 25-28 weeks) (9).

In at-term newborns, persistence of the ductus is related to inherent abnormalities at the ductal vessel
structure and/or to the mechanisms related to its closure. Hence, PDA in term infants has
been associated with certain underlying genetic conditions or to congenital infections such as rubella (6,
12). Being born at higher altitude is also associated with an increased risk of PDA persistence, potentially
secondary to chronic hypobaric hypoxia exposure (13). The incidence of PDA in term infants is

estimated at 800 babies per million births (14), but increases to 1 per 500 births with echocardiographic
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detection (15). This represents 5 to 7% of all congenital heart diseases in children at term (12). Some
studies have shown familial associations, with 3% recurrence in a first-degree relative (16). Long-
term persistence may lead to pulmonary vascular remodeling, ultimately leading to severe pulmonary

hypertension (Eisenmenger syndrome) (17) .

8.5 Physiological impact of PDA

The Krichenko's classification describes several variants of the PDA anatomy (18). In the majority
of cases, the aortic side is larger in diameter than the pulmonary side, giving the PDA a funnel-like
appearance. The pressures on both sides of the PDA result in a trans-ductal flow that has a shunting
direction. The anatomical characteristics and resistance on either side of the ductus result in a pressure
and volume lesion whose properties characterize its hemodynamic effects. If the ductus arteriosus
remains patent, the blood flow follows the path of least resistance: usually from the high resistance
systemic compartment to the low resistance pulmonary compartment.

Signs and symptoms related to the PDA is thought to depend on the diameter, the direction, the
duration of its persistence, the severity of the systolic and diastolic steal phenomenon and the
compensatory mechanisms of the cardiac myocardium and of the other organs (especially in the context
of immaturity related to prematurity) (19, 20). In the majority of newborns, the progressive PVR decrease
following birth leads to an initial bidirectional trans-ductal flow, due to similar pressures on both sides
of the PDA. With the drop in PVR, the left to right shunt via the PDA towards the pulmonary circulation
can hypothetically lead to clinical symptoms of pulmonary edema, while the steal from the systemic
circulation is thought to trigger systemic hypo-perfusion, decreased tolerance to feeding and decreased
urine output (21). When large and unrestrictive, the PDA exposes the pulmonary vasculature to excess
pulmonary blood flow, as well as to the systemic vascular pressure (during both systole and diastole).
Vessels exposed to excessive flow react by vasoconstriction, which leads to remodelling and abnormal

growth (22). This is of particular significance in newborns with immature lungs, abnormal growth and
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impaired repair mechanisms, who may be exposed to an open ductus during a prolonged period of time.
Also, pulmonary edema is thought to contribute to abnormal pulmonary compliance, rendering
oxygenation and ventilation of the immature lung more challenging.

Finally, upon the drop of the PVR, the excessive blood flow and pressure in the immature lung
vasculature of premature newborns may lead to pulmonary hemorrhage, which can be catastrophic and
cause premature death (23). Signs and symptoms often attributed to a large left-to-right PDA
include: presence of a heart murmur, hyperdynamic precordium, bounding peripheral pulses, and
increased work of breathing leading potentially to increased respiratory support requirements (7, 24). In
the context of a PDA, there is a compensatory increase in left ventricular cardiac output. However,
despite this increase, studies have shown that blood flow can be impaired, affecting first the skin, the
bones and the muscles, and eventually, the kidneys and the gastro-intestinal tract (25). The cerebral blood
flow is maintained in premature babies, even in the presence of a PDA (26). However, studies have
shown that in the context of a large PDA, there are disturbances in cerebral hemodynamics and growth
(27), with decreased cerebral saturations by near infrared-spectroscopy (28, 29) (30). Furthermore, the
Doppler profile (Figure 4) of the middle cerebral artery has been found to be altered in the context of a
PDA (31).

Figure 4: Doppler of the anterior cerebral artery in a premature newborn with a left to right
patent ductus arteriosus

=1.31

"SID=3.25
PS=21.1 cm/s
ED=-6.5 cm/s

MSc Thesis — G. Altit — Version: December 23, 2019 17



Neonatal outcomes of extremely premature infants comparing patent ductus arteriosus management approaches

Legend of Figure 4. Depicted here is an example of Pulse-Wave Doppler of the Anterior Cerebral Artery
of a premature newborn with a left to right patent ductus arteriosus. During systole (contraction of the
heart), the blood flow is anterograde and with a positive velocity (here 21.2 cm/second). During diastole
(relaxation of the heart), there is steal effect by the open ductus arteriosus from the systemic circulation
to the pulmonary circulation, which has experienced a drop in pulmonary vascular resistances. Hence,
the blood flow has a retrograde direction with a negative velocity (peak at -6.5 cm/second). This steal
effect from the immature brain is thought to be contributive to blood flow instability in the premature
brain, potentially contributing to intra-ventricular hemorrhage. Image obtained by G. Altit via PACS.

8.6 Prematurity

The most vulnerable premature newborns, in terms of mortality and long-term morbidities, are those
born at <29 weeks of EGA, considered extremely preterm (32) (33). A significant proportion of preterm
infants are in this category (e.g., 11.1 % of all preterm births in Canada) (33, 34). Of those, the less than
26 weeks are at the highest risk of death, long-term neurodevelopmental impairment and prolonged
hospitalisation (35, 36). The most recent reports of the Canadian Neonatal Network (CNN), which
comprises members from 17 universities and 30 hospitals (out of 32 Neonatal Intensive Care Units
(NICU) in Canada), reports that, between 2015 and 2017, 4910 newborns were born extremely
prematurely (1637 cases per year) (37). Furthermore, the CNN reported 3830 live births below 26 weeks
between 2010 and 2015 (638 cases per year) (35). To put this figure in context, 1445 Canadian children
(0 to 18 year-old — 289 cases per year) were diagnosed with leukemia, the most frequent childhood
cancer, between 2009 and 2013, and 4715 children aged 0 to 14 years were diagnosed with any cancer
(all types - 943 cases/year). (38). Worldwide, prematurity is the leading cause of childhood mortality
from birth to age five with 1 million (<37 weeks) reported in 2015 (39), and the cost for neonatal
hospitalization of an extreme premature newborns is estimated at more than $200,000 per birth, not

taking into account parental loss of productivity and post-discharge costs (37).

8.7 PDA and neonatal morbidities

PDA has been associated with numerous complications of extreme prematurity: lung injury due to

over-circulation, necrotizing enterocolitis (NEC) due to intestinal hypo-perfusion and infection, as well
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as intra-ventricular (cerebral) hemorrhage (IVH) due to blood flow and pressure instability. In
observational studies, PDA has been associated with bronchopulmonary dysplasia (BPD), neuro-
developmental impairment, cerebral palsy (CP) and death (1). This is consistent with the reports by the
CNN, which described a rate of BPD of 62 to 70% in those with prematurity 23 to 26 weeks of gestational
age at birth from 2011 to 2017 (Table 1).

Table 1: Rate of BPD in the Canadian Neonatal Network

Year :}\lat:zlvork) No. of Cases (Network) Total Infants
2011 [61.87%  [417 674
2012 [52.64% 389 739
12013 |57.77%  [409 708
2014 [57.31% 443 1773
2015 ||58.32% (431 739
2016 [67.75% (481 710
2017 [70.16%  |515 734

Legend of Table 1: Rate of BPD in the CNN for gestational age (in weeks):
23 to 26. Admission Date from: January Ist, 2011 to December 31st, 2017.
Rate is defined as Number of infants with oxygen dependency or
respiratory support at 36 weeks post-menstrual age / Number of infants
who are alive at 36 weeks. The 2" column represents the absolute number
of newborns with a diagnosis of BPD. The 3™ column represents the
denominator of all premature newborns 23 to 26 weeks during that
corresponding year. Table provided by Dr. Marc Beltempo and the
Canadian Neonatal Network.

Bronchopulmonary dysplasia is characterized by alveolar paucity, pulmonary fibrosis and
abnormal pulmonary vasculature (40-43). BPD is associated with increased mortality (44) and poor long-
term respiratory and neuro-developmental outcomes (45, 46). BPD is associated with important health
care costs (home oxygen, ventilation, respiratory care, prolonged hospitalization in intensive care setting)

(47). Thus, strategies to reduce its incidence may have large impact on survival, long-term outcomes and

costs.
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Figure 5: Doppler of the descending abdominal aorta by Echocardiography in a premature
newborn with a left to right patent ductus arteriosus.
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Legend of Figure 5: Pulse-Wave (PW) Doppler by echocardiography of the subcostal view of
the descending abdominal aorta in a premature newborn with a left to right shunt across the
PDA. During systole, there is anterograde (positive velocity) blood flow. During diastole, there
is a steal effect from the systemic circulation with retrograde (negative velocity) blood flow.

Large PDA can lead to retrograde or decreased intestinal blood flow (48), which, in observational
studies (49), has been associated with a higher risk of NEC. In the presence of a large PDA, the retrograde
diastolic flow in the abdominal aorta appears to resolve after its closure (30) (Figure 5).

One small randomized controlled trial (RCT) on management of the PDA in <1000 grams newborns
has demonstrated a decreased NEC rate in a group of 40 newborns (n=3 NEC; 8%) exposed to early
prophylactic PDA ligation compared to 40 newborns (n=13 NEC; 30%) who were not exposed to early
ligation (50). No other outcomes (death, BPD, retinopathy of prematurity or IVH) were different between
groups. This was a small study with a high rate of NEC in the control group (baseline rate of 10% in the
CNN database for Canada in <1000 grams) (37). No other RCT has shown that PDA closure leads to
prevention of NEC. A causal association between PDA and respiratory morbidities of prematurity,
severe cerebral hemorrhage or death before discharge remains unproven. Many studies have considered
an open PDA as a binary risk factor (patent or not), regardless of its hemodynamic significance, which
renders their conclusion difficult to generalize to those with large PDA, possibly associated with

important hemodynamic consequences. The ductus arteriosus may be open to various degrees and its
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physiological impact may be different in the context of various degree of patency (19, 20, 51). Premature
newborns are at higher risk for sepsis or NEC, due to their immaturity and fragility. These factors are
also associated to the patency of the ductus in observational studies (49, 52), and are, on their own,
associated to BPD, adverse neurological outcomes and increased mortality; potentially confounding (or
mediating) the association between PDA and BPD-Mortality.

8.8 Evaluation

Echocardiography remains the tool of choice for the diagnosis and characterization of the PDA
anatomy (Figure 6). Coupled with clinical hemodynamic evaluation, echocardiography informs on the
volume and direction of the trans-ductal shunt, while eliminating ductal-dependent pathologies. The
diameter of the PDA is measured at the end of the systole in black and white (2D image — refer to Figure
6), at its narrowest part. In cases of an excessive and prolonged left to right shunt, the chest x-ray may
demonstrate an enlarged pericardial silhouette with an increased cardio-thoracic index, associated with
pulmonary vascular congestion. Renal and cerebral near-infrared spectroscopy monitoring
has recently been described as a modality for estimating end-organ perfusion (28). Cerebral and renal
saturations are decreased in the context of a large PDA in preterm newborns (28). Cardiac catheterization
allows for evaluation of the geometry, measurement of the pressures on both sides of the PDA and for

its closure by prosthesis (53).

Figure 6: Echocardiographic measurement of a Patent Ductus Arteriosus:

. Dist 0.292cm
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Legend of Figure 6: a) 2D-Echocardiography with measurement of the patent ductus
arteriosus in an extremely preterm newborns (0.30 cm), which is larger than the left
pulmonary artery (0.29 cm) and connecting the main pulmonary artery to the aorta. b) Color
flow by 2D-Echocardiography showing a left to right direction of the blood flow via the ductus
(red means that blood flow is moving towards the ultrasound probe, which is indicated at the
top of the image). Hence, the blood flow is going from the aorta towards the main pulmonary
artery.

8.9 Treatment of the PDA

In an attempt to avoid complications of prematurity linked to the PDA, numerous observational
studies have shown that non-steroidal anti-inflammatory medications (NSAIDs), acting on
prostaglandins inhibition, accelerates ductal closure. Indeed, the inhibition of prostaglandin synthesis
using nonselective inhibitors of the cyclooxygenase 1 and 2 (such as indomethacin and ibuprofen) is the
most commonly described approach for first-line treatment to promote PDA closure in premature
newborns. The rate of non-closure for the two molecules is similar (about 35% after a 3-day course) (54).

However, these medications have several side effects, such as multi-organ vasoconstriction,
increased bleeding time, renal hypo-perfusion and fluid overload (2). Indomethacin is associated with a
decrease in blood flow in the superior mesenteric artery, thus compromising the ability of the intestinal
wall to regulate its consumption of oxygen. It has also been associated with decreased mesenteric (55),
renal (56) and cerebral blood flow (57), necrotizing enterocolitis, intestinal perforation (58) and increased
bleeding time due to its effect on platelet aggregation. Age at the beginning
of treatment with NSAIDs affects its effectiveness to achieve a full closure (or reduction in the caliber
of the ductus). The rate of closure is inversely proportional to postnatal age (59) and decreases
significantly after 2 weeks of life (60). Studies have found no differences between indomethacin and
ibuprofen for the prevention of surgical ligation (61).

a) Prophylactic medical approach
The Trial of Indomethacin Prophylaxis in Preterm Infants (TIPP) was a multi-centric randomized

placebo-controlled trial on the use of prophylactic indomethacin in extreme premature newborn (62-
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b)

65). The prophylactic use of indomethacin administered within the first 12 hours of life, regardless
of a diagnosis of PDA, decreased the incidence ofearly cerebral bleeding (62-
65). The main concern associated with this approach is that many infants are exposed to a
medication with various potential side effects, despite the fact that the PDA closes spontaneously in
a large proportion of newborns (1, 2, 9-11, 66-68). This approach has not been associated with
improvements in survival without neurosensory impairment at 18 months of corrected age (65).
After the publication of the results of the TIPP trial, most units abandoned the use of prophylactic
indomethacin due to the lack of convincing long-term benefits (69). However, prophylactic
indomethacin is still used and has been recently described in a retrospective observational study on
outborn premature newborns (a newborn is considered outborn when being admitted to the neonatal
unit after a birth outside of the walls of the institution, such as in the context of a birth: at home, in
a level-2 community hospital, or in another tertiary care facility transferring the care of the patient)
(70). Although the study did not show any effect on intraventricular hemorrhage, selection bias and

confounding by indication may have compromised its validity (71).

Early medical treatment

A recent meta-analysis by Mitra et al. described RCTs carried in the neonatal population
comparing various NSAIDs regimen between each other, or to placebo/no treatment (72). The
studies included in the meta-analysis evaluated various regimens in terms of dosages and timing of
administration after birth. The studies that had a placebo or “no treatment” arm were, for the vast
majority, done before the years 2000 and had heterogenous reported outcomes. Indeed, most were
trials done in the 1980s on small cohorts evaluating pharmacological aspects of the drugs (ibuprofen,
indomethacin), with sparse description of early and long-term neonatal outcomes. Most trials were
done on newborns of older gestational age at birth (28 to 32 weeks of EGA) and had a high open-

label use of NSAIDs in the placebo/no treatment groups. In their analysis, Mitra et al. included 597
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infants and did not find any significant difference between treatment and “placebo/no treatment” for
the outcomes of mortality, BPD, NEC or IVH. Finally, some of the included trials had NSAIDs use
implemented within the placebo arm of the study protocol (73).

More recent studies have shown an association between decrease in pulmonary hemorrhage and
early closure of PDA by medical intervention (23, 74). The latest RCT (Kluckow et al.) assessing
the effect of selective NSAIDs treatment versus placebo was published in 2014. It described a
population of premature newborns more representative of the current cohorts that clinicians
encounter in terms of underlying perinatal characteristics and perinatal management approaches
(23). Researchers recruited 92 infants <29 weeks screened for the presence of a PDA at 12 hours of
life by echocardiography. Neonates were eligible to enter the study given a pre-specified minimum
size of the PDA by echocardiography. Participants received indomethacin (n=44) or placebo (n=48).
While those exposed to NSAIDs showed a marked decrease in pulmonary hemorrhages at 72 hours
of life (2 vs. 21%), the study had insufficient power to detect an effect on death or BPD (23). Infants
in the placebo group had an unexpectedly high incidence of pulmonary hemorrhages at 72 hours of
life (21%), precluding generalizability of this study to most North American centers (75). For the
outcome of “all pulmonary hemorrhage” (throughout the entire hospitalization), the difference was
not statistically significant. However, nearly half of controls (40%) were exposed to open-label use
of indomethacin after 72 hours of life.

Later medical treatment

There is no evidence that differences in timing of therapy with NSAIDs affect mortality or BPD
(76). However, early administration of NSAIDs has been associated with increased efficacy on PDA
closure compared to later administration (77, 78).

Use of acetaminophen (paracetamol)

Recent reports suggest that acetaminophen may play a role in the closure of the ductus arteriosus in

newborns with contraindications to NSAIDs (contraindications include: unconjugated
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hyperbilirubinemia, active bleeding, thrombocytopenia, renal failure, concomitant use of steroids,
NEC, intestinal perforation, persistent pulmonary hypertension of the newborn or electrolyte
imbalances) (79-81). Both oral and intravenous forms are associated with similar efficacy to
ibuprofen in achieving PDA closure in premature newborns (72, 79, 80, 82-91). In addition,
acetaminophen may also play a role in late PDA closure in patients who are candidates for surgical
ligation, after failure of NSAIDs (91). No studies have shown improvement in neonatal mortality or
morbidities using acetaminophen to achieve PDA closure.

Mechanical closure approach

Ligation has been associated with numerous adverse complications, such as pneumothorax,
chylothorax, reactive lung inflammation due to manipulation during surgery,
scoliosis (92), infections and vocal cord injury. These are found in up to 67% of extremely low birth
weight infants (<1000 grams) undergoing this procedure (1, 93). Ligation may be associated with
sudden hemodynamic changes that result in an immediate increase in afterload and a decrease in left
ventricular preload (filling). These effects, coupled with the immaturity of the myocardium and
stress responses, can lead to a decrease in left ventricular cardiac output (called “post-ligation
syndrome”). Up to 50% of premature newborns have a significant decrease in diastolic and systolic
left ventricular function following PDA ligation (94). Signs of low cardiac output typically appear
within six to twelve hours post-operatively and manifest as: low systemic blood pressure
requiring inotropic support and increased respiratory support (95). A recent retrospective study
reported that ligation was not associated with death and/or neurodevelopmental impairment after
adjusting for confounders (96). With the advent of new technologies and improvements in cardiac
catheterization techniques, closure of the PDA is now possible in premature infants (97, 98) with
beneficial effects in the short and long term, compared with surgical ligation. Further studies are
needed to identify the necessary expertise/training, benefits and potential side effects of this

procedure.
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The decision to close the PDA is often based on clinicians’ preferences, when faced with what are
believed to be its clinical consequences. Confounding by indication is likely to affect observational
studies of this topic. Despite the physiological changes attributed to the PDA, use of NSAIDs has not
been shown to result in a decrease in the incidence of NEC, spontaneous bowel perforation, retinopathy
of prematurity (ROP), chronic lung disease or later neurodevelopmental impairment (99). In addition,
when combined with postnatal corticosteroids, indomethacin has been associated with
an increased risk of spontaneous bowel perforation and/or NEC (100, 101). There is also evidence
linking cerebral hypo-perfusion and NSAIDs use, potentially leading to some degree of neurological
injury (1, 2). With respect to pulmonary disease, some studies have shown adverse effects of
treatment (102-104), while others have not (2, 105). Ibuprofen has also been associated with severe
pulmonary hypertension when administered early after birth (106, 107). Overall, despite the lack of
evidence of benefits, NSAIDs continue to be widely used in the extremely premature population, despite
the possibility that it may lead to cerebral hypo-perfusion and neurological injury. Surgical closure is
often used as a “rescue” strategy (1, 2).

Although trials have shown that medical and surgical approaches are successful at achieving closure
of the PDA, they have not demonstrated that such closure leads to better outcomes (survival, less BPD

or neuro-developmental sequelae) (1, 2).

8.10 Conservative approach

Given the lack of supporting evidence for the treatment of PDA, several experts have advocated for a
more conservative approach (1, 2, 66-68). A recent meta-analysis of 68 studies by Mitra et al. (2018),
including a total of 4802 infants (no stratification by gestational age status) and evaluating 14 various
indomethacin, ibuprofen, or acetaminophen regimens, also reported no evidence supporting treatment of

the PDA in preterm newborns (72). Furthermore, Benitz & Bhombal published in 2017 the results of a
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meta-analysis of 51 trials addressing the use of NSAIDs for PDA management in premature newborns,
and did not find any improved outcomes of mortality (n=4298), BPD (n=3747), death or BPD (n=3698),
NEC (n=4189) or IVH (n=3988) (2). The included trials mostly compared different regimens of NSAIDs
(dose, route of administration, length of courses) to each other, with some trials with a placebo arm
(included in the Mitra et al. analysis) (72). The authors (Benitz & Bhombal) attempted to describe the
lower gestational age group and extracted the data for babies born <29 weeks, since a lot of the studies
included newborns up to 32 weeks of EGA. They did not find any improvement of outcomes in this
subgroup but did not provide the specifics of the most vulnerable population composed of the <26 weeks.
Indeed, few studies included a large number of 22 to 25%7 weeks babies, and, as such, conclusions from
these analyses should not be generalized to that particular subgroup. Furthermore, stemming from the
recommendation to avoid medical treatment with NSAIDs, other strategies (“‘conservative
management”) are often introduced by clinicians to attenuate the clinical effects attributed to the PDA.
Hence, this “conservative management” consists of various interventions to decrease the PDA’s
hemodynamic consequences. These interventions include: fluid restriction, increase in respiratory
support, use of diuretics and post-natal steroids.
a) Fluid restriction: A decrease in the total amount of fluid administered to premature infants with
a PDA has long been the treatment adopted by many experts (108, 109) in the hope to decrease
blood volume and, consequently, pulmonary vascular edema. A recent report described decreased
superior vena cava (SVC) flow, a surrogate for brain perfusion (110), in very premature infants
with fluid restriction at 100-120 mL/kg/day beyond 10 days of life despite maintenance of blood
pressure (111).
b) Increase in positive end-expiratory pressure (PEEP): The use of a higher PEEP (8 cmH>O vs.
5 cmH20) seems to decrease the magnitude of the left-to-right shunt via the PDA, without
deleteriously affecting the flow of the SVC (112, 113). However, at present, there are no safety

data regarding the potential impact of this approach on venous return and on pulmonary
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parenchymal damage. In addition, there is no study evaluating the benefits of this approach on
the clinical effects attributed to the PDA.

Furosemide — diuretics: Similar to the management of a significant ventricular septal defect or
to congestive heart failure, furosemide (a loop diuretic) is sometimes used in the hope of
decreasing pulmonary vascular congestion (114). However, this medication stimulates renal
production of prostaglandins E> (115), which promotes persistence of a non-restrictive ductus
(116). Furthermore, there is no evidence of benefit or safety for this practice. Furosemide is oto-
toxic and can lead to electrolyte imbalances.

Post-natal steroids: Post-natal steroids have been associated with decreased mechanical
ventilation support and pulmonary inflammation in the premature newborn (117, 118). While
steroids may help in improving respiratory management of the very preterm newborn, their use
has been associated with adverse neurodevelopmental outcomes (119). In addition, steroid-
associated brain injury has been detected on neuro-imaging in adolescence (120). Studies have
shown that dexamethasone may be associated with accelerated PDA constriction (121, 122). With
a more conservative approach towards PDA treatment, management of extremely preterm
newborns may shift towards the use of more post-natal steroids, if the association of PDA with
pulmonary vascular congestion and worsening of pulmonary compliance were shown to be
causal. Although management of the PDA using NSAIDs and mechanical closure may not be
associated with clear benefits, the potential secondary increase in post-natal steroids use in an

attempt to improve pulmonary function would also be worrisome.

8.11 The confusion

The need for closure of the PDA during the neonatal period is uncertain (123, 124). In the past

decade, several studies have described spontaneous closure of the ductus in the majority of premature

newborns (8-10). The absence of evidence for the improvement of long-term outcomes following
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medical or surgical treatment of PDA has fueled the current uncertainty surrounding treatment (1, 2, 66,
67, 88, 125-127). In a recent population-based cohort study, PDA treatment has been associated to greater
risk of abnormal neurodevelopmental outcomes at 2 to 3 years of age, especially in the premature
newborns less than 25 weeks, supporting non-intervention (128). However, this conclusion, based largely
on observational studies, may be due to confounding by indication. In light of the lack of proven efficacy
of NSAIDs in preventing the complications of the PDA (1), in 2016, the AAP, recommended against the
use of NSAIDs in extremely premature newborns during the first two weeks of life (1). However, few
studies have documented the safety and outcomes of a conservative approach of “watchful waiting” in
extremely premature babies. The few available reports are biased by the “rescue” use of NSAIDs or
ligation in the babies managed conservatively (129, 130). Hence, the goal of the current study was to fill
knowledge gaps regarding the outcomes of a recent extremely premature cohort of newborns exposed to

a strict conservative management policy, specifically those born at <26 weeks.
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9 Thesis Methodology and Research findings:

9.1 Methodology
9.1.1 Research Question
What is the effect of a conservative PDA management policy targeting premature newborns on the
outcome of death and/or BPD compared with premature newborns managed with selective NSAIDS

and/or ligation?

9.1.2 Objectives
To determine the impact of a conservative approach to PDA management, compared with a more
traditional approach (NSAIDs and/or ligation), on death or BPD in premature newborn born at 29 weeks
or less of EGA and in newborns born at less than 26 weeks EGA, as they are the most at-risk for mortality

and morbidities related to prematurity due to their vulnerability and immaturity.

9.1.3 Hypothesis
Our hypothesis was that a conservative approach policy would not be associated with a difference
in the rate of death or BPD, compared with using NSAIDs or mechanical closure in extremely premature

newborns at <29 weeks EGA at birth, including in the subset born at <26 weeks.

9.1.4 Context
Site 1 and 2 are two quaternary care NICUs with a transport team, admitting both inborn and outborn
patients. Both are located in the same city and target a similar population of patients in terms of socio-

economic status and risk factors. Both sites followed parallel time trends and were similar based on:
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(1) clinical practices (example: adoption of new oxygen saturation targets, use of non-invasive
continuous positive airway pressure [CPAP] as a primary mode of support with rescue intubation
and surfactant, use of pasteurized human milk instead of formula, etc.);

(2) comparable patient populations (comprising cardiac, hypoxic ischemic encephalopathy, surgical
and extremely preterm cases);

(3) qualified pool of attending neonatologists, trained at similar university programs;

(4) presence of neonatal nurse practitioners;

(5) part of a university-affiliated institution; both have an affiliated medical school, a general
pediatrics training program and a neonatal-perinatal medicine fellowship program;

(6) exposure to institution move (both units moved to a renovated single-room unit during the same
time period).

Throughout the study period (2011 to 2017), Site 1, the control centre, recorded 100 to 120
newborns born at <29 weeks per year, and continued to use selective NSAIDs and/or ligation to
manage this vulnerable population. The newborns at Site 1 were exposed to NSAIDs and/or ligation
based on previously published echocardiography criteria (23). Site 2, the exposed centre, with 45 to
55 newborns <29 weeks per year, opted to follow a strict conservative management policy with no
NSAIDs and/or ligation and with absolutely no “rescue” criteria for treatment, as of September 27,
2013. The similarity of the two institutions in all respects, except for the change in PDA policy,
provided a unique opportunity for a “natural experiment” to investigate if premature newborns
exposed to a conservative approach to PDA management have outcomes similar to those exposed to
selective NSAIDS and/or ligation to accelerate ductal closure. For the purpose of this study, variables
were divided by epochs: epoch 1 included babies born in the years prior to (and including) the
adoption of the policy at Site 2 (2011-2013), while epoch 2 included babies born in the years after

the adoption (2014-2017 — up to December 31%, 2017).
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9.1.5 Qutcomes

The primary outcome is a composite outcome of death or BPD at 36 weeks post-menstrual age
(PMA) — (death at any time before discharge). The rationale behind the primary outcome is that death
may be a consequence of the physiological derangements related to the PDA. Theoretically, upon the fall
of PVR, blood may rush into the lungs, leading to pulmonary edema and catastrophic pulmonary
hemorrhage. Similarly, the steal effect from the cerebral circulation in the context of an immature brain
autoregulation, compounded by the hemodynamic instability, may lead to severe IVH. Pulmonary
hemorrhage and severe IVH in preterm newborns are associated with early death (in the first 2 weeks of
life). The persistence of the PDA may lead to pulmonary edema, which can result in poor pulmonary
compliance. This is hypothesized to trigger respiratory failure requiring positive pressure mechanical
ventilation to ensure appropriate gas exchange. Mechanical ventilation and oxygen free radicals have
been associated to lung injury and BPD. Late death of preterm newborns may be secondary to severe
respiratory failure, in the context of severe BPD. Because the diagnosis of BPD occurs, by definition, at

36 weeks PMA (131), death at an earlier corrected age precludes from having this diagnosis.

The secondary outcomes are: death, NEC, the combined outcome of death or IVH grade 3 or more
(considered as severe IVH), and the combined outcome of severe IVH or early death (within 2 weeks of

life — to account for deaths due to pulmonary hemorrhages or re-orientation towards comfort care).

9.1.6  Design of the study
9.1.6.1 Data source and definitions
Data from the CNN registry at each institution were extracted. The CNN was founded in 1995 and
collects data on newborns admitted in most NICU across Canada, using standardized definition to allow

for collaborative research and quality improvement projects. The CNN produces an annual report about
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the current status of outcomes across the country and provides individual sites with their own
performance for ongoing monitoring. Perinatal and neonatal data obtained from this registry were based
on standardized CNN definitions (132). BPD was defined as any respiratory support or oxygen
requirement at 36 weeks PMA. Small for gestational age was diagnosed if birth weight was below the
10th percentile. Early-onset sepsis was defined as a positive bacterial or fungal culture in blood and/or
cerebrospinal fluid in the first two days after birth. Late-onset sepsis was defined using the same criteria
beyond two days of life. NEC was considered present if stage 2 or higher, according to the Bell’s
classification (133, 134). IVH was graded according to Papile’s classification and considered significant
if grade 3 or higher, or if presence of peri-ventricular leukomalacia was detected in a head ultrasound
performed during hospitalisation (135). Retinopathy of prematurity (ROP) was defined according to the
International Classification for ROP (136). Significant ROP was defined as stage III, IV or V. When
ROP was treated, it was with laser photocoagulation or intra-ocular injection of bevacizumab. The Score
for Neonatal Acute Physiology, Version II (SNAP-2) was used as a score of neonatal illness severity.
This score takes into account physiological disturbances in various organs (i.e. mean blood pressure,
lowest temperature, ratio of partial arterial oxygen content on oxygen requirements, lowest serum pH,
seizures and urine output) and is calculated in the first 12 hours of admission in the neonatal unit. SNAP-
2 is predictive of mortality and has been associated with indicators such as duration of hospitalization,
nursing workload and intensity of resources allocated (132, 137). Length of hospitalization was defined

as the number of days from birth to discharge from the NICU, among those who survived to discharge.

9.1.6.2 Inclusion and Exclusion criteria
Newborns were included in the study if born at <29 weeks and if they were either born or had been
transferred within the first 24 hours of life to sites 1 or 2. Exclusion criteria included: death in the first

24 hours of life, presence of a congenital heart defect (except atrial or ventricular septal defect),
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significant congenital anomaly or presence of a genetic disorder (refer to Appendix A). The early
morbidities attributed to PDA (those that may prompt physicians to intervene to accelerate PDA closure)
are: pulmonary hemorrhage (which usually occurs in the first 2 weeks after birth), NEC and severe
intraventricular hemorrhage (all of which can re-orient care towards a comfort approach). All the
morbidities historically “attributed” to the PDA usually occur after 24 hours of life. As such, this provided

the rational to exclude those newborns that died in the first 24 hours.

9.1.6.3 Definition of exposed and control center
Site 1 (control) continued using NSAIDS and/or ligation throughout the study period, whereas Site
2 (exposed) adopted a strict conservative management policy in September 2013, abandoning NSAIDS
or ligation use. The conservative policy was discussed at Site 2 after careful review and presentation of
the available literature in the context of a local scientific meeting (“neonatal rounds”), used to review

evidence-based medicine practices. The policy was adopted by consensus amongst the neonatologists.

9.1.6.4 Difference-in-Differences (Figure 7)

The impact of the intervention on the primary and secondary outcomes were evaluated using the
difference-in-differences (DID) method (multiple time series design), a quasi-experimental approach
derived from the fixed-effects model (138). A DID design emulates a RCT, using a “natural experiment”,
which is an event such as a policy change within a population, and comparing this group to another
similar population that only differs with respect to the event in question (138). This approach allows for
better control for confounding by indication, as it avoids comparing individual patients who received
NSAIDs/ligation to individual patients who did not. Factors associated with the reasons why a physician
chooses a particular management approach are controlled for by the DID design, since policy change

serves as a proxy to randomization Assuming that the policy did not impact the outcome of interest, the
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control population provides a counterfactual of the outcome to the exposed group, by using the trajectory
of the outcome in controls as the trajectory that the exposed group would have in the absence of a policy
effect.

Figure 7: Difference in Differences model applied to the context of a change in policy in PDA
management.

PDA policy change

B

B

Outcome (Death or BPD rate)

Time in years

Legend for Figure 7: Difference in Differences design models the outcome for
the exposure to the policy, the epochs and the interaction between both using a
regression analysis.

Y (incidence of the outcome of interest, here death or BPD proportion) = o +
pi*[Site of exposure] + p2*[Epoch pre or post-policy adoption]
+ B3*[Site*Epoch] + & (robust standard errors).

Where: Bo is the incidence of the outcome before the intervention at Site 1
(control); 1 is the difference in the outcome incidence among those exposed to
Site 2 (exposure) compared with Site 1 (control) in the pre-policy adoption
epoch; B2 is the difference in the outcome incidence in the epoch following the
adoption of the policy compared with the epoch prior at Site 1 (control); fs is
the DID estimator and represents the change in the outcome incidence in the
epoch following the adoption of the policy that is specific to Site 2 controlling
for shared temporal changes and fixed effects.
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The DID design avoids the underlying assumption of pre-post studies, which assumes no underlying
secular trends and no time-varying confounders (138). This design uses a “comparison group that is
experiencing the same trends but is not exposed to the policy change” (139). In our case, changes over
time include the adoption of common practices in neonatology (different oxygen saturation targets,
changing approach to primary mode of respiratory support, etc.) that potentially impact the outcomes of
interest (139). By using a control group exposed to similar secular and time trends, the DID model allows
to evaluate the impact of a policy change. The underlying assumption is that the trend in the outcomes
of interest following the establishment of the policy is accurately represented by the trend experienced
by the control group, if the exposed group had not adopted the policy. This assumption is verified by
assuming that, if the outcome trends prior to the policy change were “parallel”, then they would continue
to be parallel after the policy change. Also, it is assumed that the analysed outcomes are impacted by
common “shocks” in both groups (events equally affecting the two groups, such as the adoption of certain
practices that can influence the outcome — i.e. move to a single-room unit, use of pasteurized human milk
instead of formula, etc.) (139). If evaluating the impact of the intervention on the absolute scale (or using
an additive model), then the parallel trend assumption can be evaluated visually by comparing rate
trajectories over time before the intervention. When evaluating the relative change (i.e. using a
multiplicative model), the parallel trends should be evaluated as the natural logarithm of the rates. Hence,
rates (and natural logarithm of the rates) are displayed per year (with 95% confidence intervals), to ensure

that the parallel trend assumption in the years prior the PDA policy change at Site 2 is respected.

9.1.6.5 Sensitivity analysis for robustness evaluation
Sensitivity analyses are used to evaluate the robustness of the association between the exposure and
the outcome in the context of a DID model. We evaluated if there was evidence to support a “lead effect”.
This is when the outcome of interest may begin to change in anticipation of the start of the policy. Such

an effect would suggest that a detected change occurred prior to adoption of the policy (regardless of the

MSc Thesis — G. Altit — Version: December 23, 2019 36



Neonatal outcomes of extremely premature infants comparing patent ductus arteriosus management approaches

presence or not of that policy). To ensure the absence of a lead effect, we conducted our analysis using a
cut-off time for the policy launch set one-year prior to the actual policy introduction. As the policy
adopted on September 27", 2013, we re-ran the DID model using the epochs: birth years 2011 and 2012
versus birth years 2013-2017. Next we evaluated a “lagged” effect. A lag effect is if the policy has an
immediate and sustained effect on the outcomes. Indeed, as the adoption of the policy increases in time,
the effect of the policy on the outcome of interest should increase. In our case, the DID model was re-
run using the epochs: birth years 2011 to 2014 versus birth years 2015 to 2017.

As a further sensitivity analysis, we carried out our DID analysis using a “placebo outcome”, i.e., an
outcome that is not expected to have been affected by the policy change. This addresses the possibility
that the impact of the policy observed for the outcome of interest may have been due to chance. We used
the rate of “SNAP-2 score above 20 points™ as a “placebo ” outcome, since it is a severity score describing
neonatal illness and based on physiological markers captured in the first 12 hours of admission. These
markers are not expected to be affected by PDA policy practice.

Finally, the DID design controls for time-fixed confounders and parallel time varying confounders
by design. However, time-varying variables thought to differentially impact the control and exposure
groups must be accounted for (138). Hence, we compared variables across sites in each epoch to uncover
differences between sites in other parameters that could lead to confounding in time trends. The
predictors we examined as having potentially changed over time between sites are all independently
associated with mortality and include: gestational age at birth, exposure to antenatal steroids, small for

gestational age, and infant sex (36, 140, 141).

9.1.6.6 Statistical analysis
Descriptive summary measures consist of means with standard deviation or median with
interquartile range (IQR) for continuous variables, and of counts with proportions for categorical

variables. We used Fisher's exact and chi-square tests to assess differences in categorical characteristics
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between the two centers, and Student t-test and Wilcoxon-Mann-Whitney test for parametric and non-
parametric continuous variables, respectively, between exposed and not-exposed and also between
epochs. In the DID models, we modeled the differences in outcomes in the epochs before and after the
policy change (transition to a conservative approach) using a generalized linear regression analysis
including the exposure (Site 1 versus Site 2), the time indicator (epoch 1 versus epoch 2) and an
interaction term between the exposure and time (139).

The linear regression model for the DID represents (Figure 7): Y (incidence of the outcome of
interest, here death or BPD rate) = o + P1*[Site of exposure] + B2*[Epoch pre or post-policy adoption]
+ Bs*[Site*Epoch] + € (robust standard errors). The coefficient of the interaction term is the DID
estimator for the policy impact on the outcome of interest. We then evaluated the relative impact of the
policy change using a Poisson regression. We chose a Poisson model as opposed to a logistic model,
since the outcome under study is not rare (the usual threshold is > 10%), therefore the OR would
overestimate the RR (142, 143). We accounted for heteroskedasticity by using robust covariance matrix
estimators, also known as Eicker—Huber—White standard errors (144-147). We carried out statistical

analysis using R (Version 3.4.4) and RStudio (Version 1.0.143).

9.1.6.7 Transfer of data, confidentiality and ethics
A collaboration and data sharing agreement, prepared in conjunction by the two sites contract offices,
was signed by collaborators at both the institutions involved in this research project (G.A and A.L.). Data
from both sites are anonymized and kept within an Excel spreadsheet under the McGill University Health
Centre (MUHC) firewall. Analysis were done at the MUHC. Ethics board approval was obtained from

each institution (refer to Appendix B).
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9.2 Results

During the study period, 1298 babies were admitted to both NICUs with gestational age at birth <29
weeks. Of these, 49 met the exclusion criteria: 9 were admitted after 24 hours, 24 had a major congenital
anomaly, and 16 had died in the first few hours after birth. Of the excluded newborns, 18 were born at a
gestational age below 26 weeks. The final cohort comprised 1249 infants, including 341 (27.3%) born
before 26 weeks. The distribution of gestational age at birth by site and epoch is shown in Table 2.
Although the absolute number of premature newborns at both sites increased in Epoch 2, the distribution
between centres remained the same in each epoch.

Table 2: Population by gestational age at birth by site and epoch

Population by gestational age at birth for <29 weeks
p = 0.45 for comparisons between % differences of 2 epochs

Epoch 1 Epoch 2
Gestational age Site 1 - (n %) Site2-n (%) | Sitel1-n (%) | Site2-n (%)
in weeks n =383 n =156 n =449 n =261
23 9(2.0) 72.7) 18 (4.0) 14 (5.4)
24 21 (5.5) 15 (9.6) 66 (14.7) 39 (14.9)
25 45 (11.7) 22 (14.1) 55(12.2) 30 (11.5)
26 58 (15.1) 19 (12.2) 61 (20.9) 47 (10.3)
27 81 (21.1) 25 (16.0) 71 (15.8) 32 (12.3)
28 75 (19.6) 41 (26.3) 84 (18.7) 51(19.5)
29 94 (24.5) 27 (17.3) 94 (20.9) 48 (18.4)

Population by gestational age at birth for <26 weeks
p = 0.72 for comparisons between % differences of 2 epochs

Epoch 1 Epoch 2
Gestational age | Site1-n (%) | Site2-n (%) | Sitel—n (%) | Site2—n (%)
in weeks n=75 n=44 n=139 n=8§3
23 9(12) 7 (15.9) 18 (12.9) 14 (16.9)
24 21 (28) 15 (34.1) 66 (47.5) 39 (47.0)
25 45 (60) 22 (50) 55(39.6) 30 (36.1)

Legend of Table 2: Distribution of estimated gestational age in weeks at birth per
epoch and site. There has been an absolute increase in the number of premature
newborns admitted to each unit. The distribution of these age groups remained the
same in both units. Importantly, there is no difference in the distribution of those that
are the most at risk for morbidities and mortality (the population less than 26 weeks).
p-value for the distribution by two-tailed Student t-test.

Demographic and clinical characteristics of the overall (<29 weeks) and < 26 weeks cohorts are shown

in Table 3 and Table 4, respectively. Average gestational age at birth, birth weight, sex proportions,
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antenatal (and post-natal) steroid exposure, rate of caesarian-section and small for gestational age were
similar between sites in each epoch. During Epoch 1, newborns at Site 2 were more frequently exposed
to surfactant replacement therapy than those at Site 1 (< 29 weeks: 76% vs. 58%). Similarly, in the <26
weeks subgroup, more newborns were exposed to surfactant replacement therapy at Site 2 in both Epochs
(Epoch 1: 100 vs. 85%; Epoch 2: 90 vs. 81%). Surfactant has been associated with decreased mortality
and BPD in previous RCTs (148). Thus, although surfactant administration varied by site, the difference
between Sites did not vary in the two epochs. None of the other characteristics examined appeared to
differ across sites. When examining the Epoch 1 vs Epoch 2 at each site, none of the variable changed
significantly.

Table 3: Demographic information regarding the whole cohort (<29 weeks)

Table 3 — Demographic information regarding the whole cohort (<29 weeks)

Site 1 Site 2 Site 1 Site 2

Epoch 1 Epoch 1 Epoch 2 Epoch 2

n=383 (31%) | n=156 (12%) | p-value | n=449 (36%) | n=261 (21%) | p-value
Gestational Age 27(1.6) 26.7 (1.8) 0.06 26.6 (1.9) 26.5(1.9) 0.36
Birth weight 1009 (283) 975 (271) 0.20 952.4 (286.6) | 961.1 (283.9) | 0.69
Male sex 214 (55.9) 91 (58.3) 0.67 233 (51.9) 136 (52.1) 1.00
Maternal ~ Hypertensive | 79 (20.8) 22 (14.4) 0.11 72 (16.2) 38 (14.6) 0.65
disorder
Antenatal antibiotic use 226 (59.5) 94 (61.4) 0.75 287 (65.5) 185 (73.1) 0.047
C-Section 237 (62.2) 96 (61.5) 0.96 319 (71.2) 168 (64.4) 0.07
Apgar at 5 minutes <7 172 (45.4) 4 (41.0) 0.41 205 (46.0) 138 (52.9) 0.09
Outborn 23 (6.0) 18 (11.5) 0.03 50 (11.1) 35(13.4) 0.44
Singleton 294 (76.8) 113 (72.4) 0.34 318 (70.8) 201 (77.0) 0.08
Rupture of membranes > | 99 (26.2) 0(32.3) 0.19 106 (23.9) 89 (34.6) 0.003
24 hours
Prenatal Care 369 (97.3) 143 (99.3) 0.30 439 (98.0) 251 (98.8) 0.55
Small for gestational age | 41 (10.7) 17 (10.9) 1.00 67 (14.9) 19 (7.3) 0.003
SNAPII score >20 102 (26.6) 49 (31.6) 0.29 125 (27.8) 69 (26.7) 0.82
Antenatal steroids 354 (92.9) 139 (89.7) 0.22 400 (89.3) 237 (90.8) 0.61
Surfactant use 222 (58.0) 121 (75.6) <0.0001 | 293 (65.3) 165 (63.2) 0.63
Expressed as mean (standard deviation) or count (percentage).
SNAPII Score: Score for Neonatal Acute Physiology, Version II (SNAP-2)
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Table 4: Demographic information regarding the cohort <26 weeks

Table 4 — Demographic information regarding the cohort <26 weeks
Site 1 Site 2 Site 1 Site 2
Epoch 1 Epoch 1 Epoch 2 Epoch 2
n=75 (22%) | n=44 (13%) | p-value | n=139 (41%) | n=83 (24%) | p-value
Gestational Age 24.5(0.7) 24.3(0.7) 0.31 24.3(0.7) 24.2 (0.7) 0.44
Birth weight 718 (119) 732 (102) 0.50 718 (146) 700 (118) 0.35
Male sex 42 (56) 25 (57) 1.00 72 (52) 48 (58) 0.41
Maternal Diabetes 9 (20) 2(5) 0.049 8(11) 8 (10) 1.00
Maternal Hypertensive 9(13) 1(2) 0.09 13 (10) 8 (10) 1.00
disorder
Antenatal antibiotic use 50 (68) 33 (75) 0.53 105 (78) 69 (84) 0.38
C-Section 36 (49) 20 (45) 0.70 89 (64) 52 (63) 0.89
Apgar at 5 minutes <7 45 (63) 23 (52) 0.33 88 (64) 59 (71) 0.31
Outborn 5() 3() 1.00 17 (12) 8 (10) 0.66
Singleton 56 (75) 31 (70) 0.67 96 (69) 70 (84) 0.01
Rupture of membranes > 24 19 (26) 17 (39) 0.21 39 (29) 37 (46) 0.01
hours
Prenatal Care 70 (96) 42 (100) 0.30 134 (96) 82 (99) 0.41
Small for gestational age 6 (8) 1(2) 0.26 12 (9) 5(6) 0.61
SNAPII score >20 42 (56) 25 (57) 1.00 70 (50) 41 (51) 1.00
Antenatal steroids 65 (89) 39 (89) 1.00 120 (86) 76 (92) 0.29
Surfactant use 64 (85) 44 (100) 0.007 113 (81) 75 (90) 0.08
Expressed as mean (standard deviation) or count (percentage).
SNAPII Score: Score for Neonatal Acute Physiology, Version II (SNAP-2)

Neonatal outcomes during hospitalisation are described in Tables 5 & 6, for the whole cohort and the
<26 weeks sub-cohort, respectively. Use of medical and surgical PDA closure strategies dramatically
decreased in Epoch 2 in Site 2, after adoption of the policy. While the use of PDA treatment dramatically
decreased at Site 2 in Epoch 2, use of post-natal steroids for treatment of BPD remained stable (36 vs.
34% in <29 weeks and 61 vs. 61% in <26 weeks). Furthermore, use of post-natal steroids was similar
between sites in each epoch. Site 1 experienced a significant higher rate of BPD at both epochs: (Epoch
1: 42.8 vs. 20.3% and Epoch 2: 46.9 vs. 30% in the overall cohort; 80 vs. 19% in Epoch 1 and 73 vs.
56% in Epoch 2 of the <26 weeks). While the rate of significant retinopathy of prematurity remained
relatively stable at both sites, treatment for ROP appeared to decrease in site 2 in epoch 2 (25 vs. 6%)
among infants <26 weeks, but the absolute number of patients alive at the time of screening was small

(6/24 vs. 3/50).
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Table 5: Clinical and outcomes data of the whole cohort (<29 weeks)

Clinical and outcomes data of the whole cohort (<29 weeks gestational age)

Site 1 Site 2 Site 1 Site 2
Epoch 1 Epoch 1 Epoch 2 Epoch 2
n=383 n=156 p-value n=449 n=261 p-value
(31%) (12%) (36%) (21%)
Neonatal outcomes
IVH grade 3 or more 44 (11.6) 28 (18.2) 0.06 54 (12.1) 37 (14.5) 0.41
NEC 51 (13.3) 13 (8.3) 0.14 42 (9.4) 11 (4.2) 0.02
Surgical NEC 17 (4.4) 4 (2.6) 0.46 17 (3.8) 4 (1.5) 0.11
ROP stage 3 and more 30 (9.6) 13 (10.1) 1.00 31(17.1) 565.D) 0.004
ROP treated 11(9.5) 6(16.21 0.25 41 (11.0) 19 (8.6) 0.43
BPD 136 (42.8) 28 (20.3) <0.0001 179 (46.9) 70 (30.0) <0.0001
Ii;;:Z?::rle&?ﬁ?ﬁ:ﬁ?ﬁ?ﬁ:&&; 125 (32.6) | 45(28.8) 0.45 128 (28.5) 4 (28.4) 1.00
Early onset sepsis 6 (1.6) 7(4.4) 0.06 7 (1.6) 7(2.7) 0.40
Normal geglé’_‘;r;‘fgrfei‘;i‘;mi“ion: 95(50.9) | 62(39.7) 0.02 205(45.9) | 148(57.4) | 0.004
Inhaled steroids exposure 4(1.0) 1 (0.6) 1.00 6(1.3) 1(0.4) 0.43
Post-natal systemic steroids 113 (29.5) 56 (35.9) 0.18 176 (39.2) 89 (34.1) 0.2
Ventilation days 5(0-25) 6 (2-21) 0.49 5(1-19) 3(1-17) 0.17
PDA related management
Ibuprofen Use 121 (31.6) 71 (45.5) 0.003 192 (42.8) 19 (7.3) <0.0001
Indomethacin exposure 4 (1.0) 0(0) 0.33 14 (3.1) 0(0) 0.009
Ligation 49 (12.8) 8(5.1) 0.008 23 (5.1) 0(0) <0.0001
NSAIDS use or ligation 134 (35.0) 71 (45.5) 0.02 203 (45.2) 19 (7.3) <0.0001
Outcomes
Length of stay in alive at discharge | 89.4 (43.4) | 88.8 (42.3) 0.90 97.5 (40.6) 89.5 (43.8) 0.02
Mortality 76 (19.8) 19 (12.2) 0.046 75 (16.7) 30 (11.5) 0.08
Death or BPD 201 (52) 47 (30) <0.0001 246 (54.8) 98 (37.5) <0.0001
Death or NEC 100 (26.1) 30(19.2) 0.11 99 (22.0) 41 (15.7) 0.051
Death or IVH 98 (25.6) 40 (25.6) 1.00 103 (22.9) 59 (22.6) 0.99
Early Death 33 (8.6) 12 (7.7) 0.86 46 (10.2) 24 (9.2) 0.75
Early Death or IVH 67 (17.5) 36 (23.1) 0.15 81 (18.0) 56 (21.5) 0.31

Expressed as mean (standard deviation), median (inter-quartile range) or count (percentage).
BPD (bronchopulmonary dysplasia), [IVH (intra-ventricular hemorrhage), NEC (necrotizing enterocolitis — stage 2 or above
as per Bell’s criteria), NSAIDS (Non-steroidal anti-inflammatory drugs), ROP (retinopathy or prematurity).
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Table 6: Clinical and outcomes data of the <26 weeks gestational age

Clinical and outcomes data of the <26 weeks gestational age

Site 1 Site 2 Site 1 Site 2
Epoch 1 Epoch 1 Epoch 2 Epoch 2
n=75(22%) | n=44 (13%) p-value | n=139 (41%) n=83 (24%) | p-value
Neonatal outcomes
IVH grade 3 or more 17 (23) 14 (32) 0.34 32 (23) 16 (21) 0.73
NEC 17 (23) 5(11) 0.15 21 (15) 7 (8) 0.21
Surgical NEC 5(7) 2(5) 1.00 10 (7) 3(4) 0.38
ROP 3 and more 18 (40) 9(29) 0.46 34 (35) 14 (22) 0.11
ROP treated 10 (29) 6(25) 1.00 28 (33) 3(6) 0.0002
BPD 35 (80) 6(19) <0.0001 71 (73) 35 (56) 0.03
Nosocomial infection diagnosed
two days after birth (or late onset 43 (57) 18 (41) 0.09 70 (50) 35 (42) 0.27
sepsis)
Early onset sepsis 34) 2(5) 1.00 3(2) 4(5) 0.43
Normal temperature at admission: 5 (47) 16 (36) 034 56 (41) 4 (51) 016
36.5-37.5
Inhaled steroids exposure 23 1(2) 1.00 2(1) 0(0) 0.53
Post-natal systemic steroids 42 (56) 27 (61) 0.7 101 (73) 50 (60) 0.07
Ventilation days 25 (7-43) 18 (8-21) 0.31 23 (10-41) 18 (6-37) 0.19
PDA related management
Ibuprofen Use 43 (57) 33 (75) 0.07 91 (65) 9(11) <0.0001
Indomethacin exposure 34) 0(0) 0.29 7(5) 0(0) 0.047
Ligation 21 (28) 6 (14) 0.11 19 (14) 0(0) 0.0001
NSAIDS use or ligation 50 (67) 33 (75) 0.41 96 (69) 9(11) <0.0001
Outcomes
Length of stay in alive at discharge 141 (38) 132 (62) 0.28 131 (28) 28 (43) 0.57
Mortality 33 (44) 13 (30) 0.13 47 (34) 21 (25) 0.23
Death or BPD 66 (88) 19 (43) <0.0001 113 (81) 55 (66) 0.02
Death or NEC 41 (55) 18 (41) 0.18 60 (43) 28 (34) 0.20
Death or IVH 39 (52) 21 (48) 0.71 60 (43) 3137 0.40
Early Death 17 (23) 9 (20) 0.82 31 (22) 16 (19) 0.62
Early Death or [IVH 28 (37) 19 (43) 0.56 50 (36) 29 (35) 1.00

Expressed as mean (standard deviation), median (inter-quartile range) or count (percentage).
BPD (bronchopulmonary dysplasia), IVH (intra-ventricular hemorrhage), NEC (necrotizing enterocolitis — stage 2 or above

as per Bell’s criteria), NSAIDS (Non-steroidal anti-inflammatory drugs), ROP (retinopathy or prematurity).
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Figure 8 shows that use of NSAIDS or ligation decreased to 0% at Site 2, while remaining constant at
Site 1 for both the <29 weeks and the <26 weeks EGA subgroup. Thus, site 2 complied with the policy
change. Surgical ligation of PDA decreased at Site 1 from 13% to 5% from Epoch 1 to Epoch 2, and
from 5% to 0% at Site 2.

Figure 8: Adherence to the PDA policy — PDA treatment rates (NSAIDS or Ligation)

Figure 8 - Adherence to policy
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Legend of Figure 8: Policy was adopted on September 27" 2013 at Site 2. Following
policy adoption, the rate of NSAIDS or ligation at Site 2 (Exposure — Green) dramatically
decreased in the overall cohort (as well as in the less than 26 weeks premature newborns)
to reach 0% in 2017. The rate of PDA treatments remained stable at Site 1 (Control -
Blue).
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Primary outcome:

Rates of primary outcome are reported in Tables 5 and 6. In the <26 weeks subgroup, the primary
outcome occurred in 66/75 (88% of Site 1) patients vs. 18/44 (43% - Site 2) in Epoch 1 and 113/139
(81% - Site 1) vs. 55/83 (66% - Site 2) in Epoch 2. Rates of death or BPD are shown in Figure 9. While
the rate of death or BPD is higher overall at Site 1, it follows a similar trend throughout the years in the
overall cohort. In the <26 weeks, the rate of death or BPD (provided with 95% Confidence Interval [CI])
follows a parallel trend between sites prior to the adoption of the policy at Site 2. There is, however, an

increase of the primary outcome in the <26 weeks population at Site 2 following the policy change

(Figure 9).

Figure 9: Rates of death and/or BPD (primary outcome)

Primary outcome: Death or BPD
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Legend of Figure 9: Site 1 (Control - Blue), Site 2 (Exposure - Green). The 95% confidence
interval for each trend is represented with corresponding dash lines. The death and/or BPD
rate was similar between the 2 sites and did not change significantly after the adoption of
the policy at Site 2 in the overall cohort. However, there is a graphical increase (at Site 2)
in the rate of death and/or BPD after policy adoption at Site 2. Prior to the adoption of the
policy, there is a parallel trend (including the 95% CI boundaries) between the exposure
and control sites in the overall cohort and in the <26 weeks subgroup for the rates of death

and/or BPD.
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The rate of death or BPD for the subgroup >26 weeks is displayed in Figure 10, showing no clear

fluctuation in this relatively more mature population after the policy change.

Figure 10: Death or BPD rate by site of exposure per year of birth in babies 26 weeks of
gestational age and above.

Death or BPD Rate (%) by site of exposure per
year of birth in 226 weeks
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Legend of Figure 10: Site 1 (Control - Blue), Site 2 (Exposure - Green). The 95% confidence interval for
each trend is represented with corresponding dash lines. The death and/or BPD rate was similar between
the 2 sites and remained stable throughout the years of the study in the 26 to 29 weeks newborns.

Results of the absolute DID model for the primary outcome of death and/or BPD are presented in Table
7. In the absence of identified time-varying differences potentially introducing a confounding effect, the
model included: the epoch of exposure, the site of exposure (control vs. exposed) and the interaction
between the epoch and the site of exposure. Results are reported for the overall cohort, as well as for the

<26 weeks and the >26 weeks. Only the interaction term for the <26 weeks subgroup was statistically

MSc Thesis — G. Altit — Version: December 23, 2019 46



Neonatal outcomes of extremely premature infants comparing patent ductus arteriosus management approaches

significant, with an increase in the occurrence of the primary outcome of 30% (95% Confidence Interval
9 to 50%-point).

Table 7: Primary outcome by Difference-in-Difference model using linear regression

Difference in Difference linear regression for outcome: death or BPD

Coefficients Point Estimate 95%CI Standard
Death or BPD ®) Error
(Robust)
Cohort <29 Intercept 0.52 0.47 - 0.57 0.03
weeks Exposed -0.22 -0.31--0.14 0.04
Epoch 0.02 -0.05-0.09 0.03
Interaction term
(DID estimator) 0.05 -0.06 -0.17 0.06
Cohort <26 Intercept 0.88 0.81 —0.95 0.04
weeks Exposed -0.45 -0.61 —-0.28 0.08
Epoch -0.07 -0.17-0.03 0.05
Interaction term
(DID estimator) 0.30 0.09 — 0.50 0.10
Cohort 26 Intercept 0.44 0.38-0.49 0.03
weeks to 29 Exposed -0.19 -0.29 - -0.09 0.05
weeks Epoch -0.009 -0.09 - 0.07 0.04
Interaction term 0.0009 0.13-0.13 0.07

(DID estimator)

Legend of Table 7: DID (with linear regression) with the primary outcome of death and/or BPD modeled
for the exposure to the site, epoch (2011-2013 vs. 2014-2017) and interaction between site and epoch.
The interaction term between Epoch and Site Exposure is not significantly associated with the primary
outcome in the 26 weeks to 29 weeks gestational age at birth newborns. The interaction term between
Epoch and Site Exposure is significantly associated with the primary outcome in the less than 26 weeks
gestational age at birth newborns (3 interaction term estimator of 30% increase [95% CI 11-49%)] in
point estimate for the incidence of the death and/or BPD outcome). Standard errors were computed using
the robust method (robust covariance matrix estimators). Hence, the model is represented as: BPD or
Death incidence = [y + i1 *Exposed to Site 2 + > *Epoch 2 + 3 * Site 2 and Epoch 2.

Interpretation of the results for the <26 weeks population model output:
Site 1 in Epoch 1 2 incidence of Death and/or BPD is 0.88 (88%)

Site 1 in Epoch 2 2 incidence is 0.88 - 0.07 = 0.81 (81%)

Site 2 in Epoch 1 2 incidence is 0.88 - 0.45 = 0.43 (43%)

Site 2 in Epoch 2 2 incidence is 0.88 - 0.45 —0.07 + 0.30 = 0.66 (66 %)
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The increase in BPD or death in the <26 weeks population at Site 2 on the natural logarithm scale is
shown in Figure 11. On the logarithmic scale, the assumption of parallel outcome rates prior to adoption
of the policy between the 2 sites appears fulfilled.

Figure 11: Natural logarithm of rate of death or BPD by site and year of birth
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Legend of Figure 11: Graphical presentation of the natural logarithm of the rate of primary
outcome of death or BPD per year of birth and by Site (Site 1[Blue]- Control; Site 2
[Green] — Exposure group). The 95% confidence interval for each trend is represented
with corresponding dash lines. The parallel assumption prior to policy in September 2013
at Site 2 is verified. Hence, the DID model can be used using a Poisson regression model.
The increase natural log of the rate of death or BPD at Site 2 after policy adoption is
visually appreciated.

We additionally evaluated the impact of the policy on the relative scale by DID (Table 8). Again, only
the interaction term for the subgroup < 26 weeks was significantly associated with the primary outcome
of death and/or BPD (relative risk 1.66; 95% Confidence Interval: 1.13 - 2.46). Thus, being exposed to

Site 2 in Epoch 2 resulted in a 66% higher risk of the primary outcome among infants born <26 weeks.
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Table 8: Primary outcome by DID model using Poisson regression

Difference in Difference Poisson regression for outcome: death or BPD
Death or BPD Relative Risk 95%Cl1 Standard
(RR) Error

(Robust)
Cohort <29 Intercept 0.52 0.48 - 0.58 0.05
weeks Exposed 0.57 0.44 - 0.74 0.13
Epoch 1.04 0.92-1.19 0.06
Interaction term 1.19 0.87 - 1.60 0.16
Cohort <26 Intercept 0.88 0.81 - 0.96 0.04
weeks Exposed 0.49 0.34-0.70 0.18
Epoch 0.92 0.82 - 1.04 0.06
Interaction term 1.66 1.13 -2.46 0.20
Cohort 26 Intercept 0.44 0.39-0.50 0.06
weeks to 29 Exposed 0.57 0.40 - 0.80 0.18
weeks Epoch 0.98 0.82-1.17 0.09
Interaction term 0.99 0.63 - 1.55 0.23

Legend of Table 8: DID regression using Poisson with the primary outcome of death and/or BPD
modeled for the exposure to the site, epoch (2011-2013 vs. 2014-2017) and interaction between
site and epoch. The interaction term between Epoch and Site Exposure is not significantly
associated with the primary outcome in the 26 weeks to 29 weeks gestational age at birth
newborns. The interaction term between Epoch and Site Exposure is significantly associated with
the primary outcome in the less than 26 weeks gestational age at birth newborns (relative risk of

1.66 [95% CI 1.12 — 2.46]). Standard errors were computed using the robust method (robust
covariance matrix estimators).
Sensitivity analyses
Rates of newborns with a SNAP-2 score above 20 remained stable in both sites and were similar between
epochs (Figure 12). Table 9 shows the results of the DID model using a linear regression for the placebo
(SNAP-2 score >20) in the overall cohort and the <26 weeks sub-cohort. As expected, the interaction

terms were not significant, indicating that the adoption of the policy did not affect the proportion of

patients with a SNAP-2 score >20.
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Figure 12 — Placebo (Rate of SNAP-2 score above 20)
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Legend of Figure 12: Site 1 (Control - Blue), Site 2 (Exposure - Green). The 95% confidence interval
for each trend is represented with corresponding dash lines. The rate of those with a SNAP-2 score
above 20 were similar between the 2 sites and did not change significantly after the adoption of the

policy at Site 2.

Table 9: Difference-in-Difference linear regression model using the Placebo (SNAP-2 score) as

the outcome

Coefficients Point Estimate 95%CI1 Standard Error
Death or BPD <29 weeks ® (Robust)
Intercept 0.27 0.22-0.31 0.02
Exposed 0.05 -0.04 -0.14 0.04
Epoch 0.01 -0.05-0.07 0.03
Interaction term -0.06 -0.17-10.05 0.06
Coefficients Point Estimate 95%CI1 Standard Error
Death or BPD <26 weeks ® (Robust)
Intercept 0.56 0.45-0.67 0.06

Exposed 0.01 -0.18 - 0.19 0.09

Epoch -0.06 -0.20 - 0.08 0.07

Interaction term 0.001 -0.23-0.23 0.12

Legend of Table 9: DID regression with the placebo (in our case the rate of SNAP-2 score >20) as the
outcome modeled for the exposure to site, epoch (2011-2013 vs. 2014-2017) and interaction between site
and epoch. The interaction term between Epoch and Site Exposure is not, as expected significantly
associated with the placebo outcome and, as such, the policy at Site 2 did not “impact” the distribution

of SNAP-2 scores.
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For the “lead effect” sensitivity analysis (changing the epochs as: Epoch 1 [2011-2012] and Epoch 2
[2013-2017]), we used a DID linear regression model, shown in Table 10. The results suggest that the
outcome of interest (death or BPD) did not start changing in anticipation of the policy adoption, as the
interaction term was not different from 0.

Table 10: Primary outcome by DID model using linear regression evaluating for a lead effect
(using a model with epochs defined as: Epoch 1- 2011-2012 and Epoch 2 - 2013-2017):

<29 weeks Point Estimate () 95%CI Standard Error
(Robust)

Intercept 0.52 0.46-0.58 0.03

Exposed -0.22 -0.33 --0.11 0.06

Epoch 0.02 -0.05 - 0.09 0.04

Interaction term 0.04 -0.09-0.17 0.06

<26 weeks Point Estimate () 95%CI Standard Error
(Robust)

Intercept 0.87 0.77-0.97 0.05

Exposed -0.39 -0.60 - -0.17 0.11

Epoch -0.04 -0.16 - 0.07 0.06

Interaction term 0.17 -0.07-0.41 0.12

Legend of Table 10: DID regression with the primary outcome of death and/or BPD
modeled for the exposure to the site, epoch (2011-2012 vs. 2013-2017) and interaction
between site and epoch. The interaction term between Epoch and Site Exposure is not
significantly associated with the primary outcome in the overall cohort and in the <26
weeks subgroup. Hence, there is no evidence of a lead effect — primary outcome change
in anticipation to the policy adoption.

Results of the “lag effect” sensitivity analysis (with epochs redefined as: Epoch 1 [2011-2014] and Epoch
2 [2015-2017]) are presented in Table 11. According to this DID model, the interaction term for the <26
weeks population reached statistical significance with a stronger association (interaction term point
estimate of 0.35; 95% Confidence Interval 0.15-0.54), compared with the original model using the pre-
determined Epochs (0.30 point-estimate [95% CI 0.11-0.49]). As expected, there is a lag effect. Indeed,
as adherence to the policy increases, the robustness of the association between the policy change and the

outcome of death and/or BPD increased.
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Table 11: Primary outcome by DID model using linear regression evaluating for a lag effect
(using a model with epochs defined as: Epoch 1- 2011-2014 and Epoch 2 - 2015-2017):

<29 weeks Point Estimate () 95%CI Standard Error
(Robust)

Intercept 0.52 0.48 —0.57 0.02

Exposed -0.23 -0.31-0.16 0.04

Epoch 0.03 -0.04-0.10 0.04

Interaction term 0.08 -0.03-0.20 0.06

<26 weeks Point Estimate (B) 95%CI1 Standard Error
(Robust)

Intercept 0.85 0.79-0.92 0.03

Exposed -0.44 -0.58 —-0.30 0.07

Epoch -0.03 -0.14-0.06 0.05

Interaction term 0.35 0.15-0.54 0.10

Legend of Table 11: DID regression with the primary outcome of death and/or BPD
modeled for the exposure to the site, epoch (2011-2012 vs. 2013-2017) and interaction
between site and epoch. The interaction term between Epoch and Site Exposure is not
significantly associated with the primary outcome in the overall cohort. The interaction
term between Epoch and Site Exposure is significantly associated with the primary
outcome in <26 weeks subgroup.
Secondary outcomes:
Rates for the secondary outcomes (death, NEC, “early death or severe IVH” and “death or severe IVH”)
are displayed in Figures 13 to 16 for the overall cohort and for the <26 weeks sub-cohort. None of the
graphs for the secondary outcomes suggested a noticeable impact following adoption of the policy at Site
2. The interaction terms did not reach statistical significance for any of the secondary outcomes (death,

early death or severe IVH, death or severe IVH and NEC); results of the DID (linear) models are

presented in Tables 12 to 15.
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Figure 13 — Rates for severe IVH and/or death:
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Figure 14 — Rates for Severe IVH and/or early death:
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Legend of Figure 13 and 14: The secondary outcomes are graphically presented per year of birth and
site. There are no graphical differences between sites in the trends appreciated after policy change at

site 2 for any of the secondary outcomes.

MSc Thesis — G. Altit — Version: December 23, 2019

53



Neonatal outcomes of extremely premature infants comparing patent ductus arteriosus management approaches

Figure 15 — Death rates per Site and per vear of birth before discharge:
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Figure 16 — Rates for NEC:
NEC rate by site of exposure per NEC rate by site of exposure per
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Legend of Figure 15 and 16: The secondary outcomes are graphically presented per year of birth and
site. There are no graphical differences between sites in the trends appreciated after policy change at

site 2 for any of the secondary outcomes.
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Table 12: Difference in Difference linear regression for the secondary outcome of death

Difference in Difference linear regression for outcome: death
Coefficients Point Estimate (B) 95%ClI Standard Error
Death or BPD (Robust)
Cohort <29 Intercept 0.20 0.16—0.24 0.02
weeks Exposed -0.08 -0.14 —-0.01 0.03
Epoch -0.03 -0.08 — 0.02 0.03
Interaction term 0.02 -0.06 -0.11 0.04
Cohort <26 Intercept 0.43 0.34-0.53 0.05
weeks Exposed -0.08 -0.23 - 0.07 0.08
Epoch -0.10 -0.22 - 0.02 0.06
Interaction term -0.004 -0.20-0.19 0.10

Table 13: Difference in Difference linear regression for the secondary outcome of early death or

severe IVH
Difference in Difference linear regression for outcome: early death or severe IVH
Coefficients Point Estimate (B) 95%ClI Standard Error
Death or BPD (Robust)
Cohort <29 Intercept 0.17 0.14-0.21 0.02
weeks Exposed 0.06 -0.02-0.13 0.04
Epoch 0.01 -0.05 -0.06 0.03
Interaction term -0.02 -0.12-0.08 0.05
Cohort <26 Intercept 0.42 0.33-0.51 0.05
weeks Exposed 0.06 -0.09 -0.21 0.08
Epoch -0.06 -0.18 - 0.06 0.06
Interaction term -0.07 -0.27-0.13 0.10

Table 14: Difference in Difference linear regression for the secondary outcome of death before

discharge or severe IVH

Difference in Difference linear regression for outcome: death before discharge or severe IVH

Coefficients Point Estimate (B) 95%ClI Standard Error
Death or BPD (Robust)
Cohort £29 Intercept -0.26 0.21-0.30 0.02
weeks Exposed 0.001 -0.08 — 0.08 0.04
Epoch -0.03 -0.09 - 0.03 0.03
Interaction term -0.004 -0.11-0.10 0.04
Cohort <26 Intercept 0.53 0.44 - 0.62 0.05
weeks Exposed -0.01 -0.16 -0.15 0.08
Epoch -0.10 -0.22-0.03 0.06
Interaction term -0.05 -0.25-0.15 0.10

Table 15: Difference in Difference linear regression for the secondary outcome of NEC

Difference in Difference linear regression for outcome: NEC stage 2 or above

Coefficients Point Estimate (B) 95%ClI Standard Error
Death or BPD (Robust)
Cohort <29 Intercept 0.13 0.10-0.17 0.02
weeks Exposed -0.05 -0.11-0.01 0.03
Epoch -0.04 -0.08 — 0.00 0.02
Interaction term -0.002 -0.07 - 0.06 0.03
Cohort <26 Intercept -0.23 0.15-0.30 0.04
weeks Exposed -0.12 -0.23 —-0.01 0.06
Epoch -0.08 -0.17-0.02 0.05
Interaction term 0.05 -0.09-0.19 0.07
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10 Discussion

In this study, we examined the impact of a PDA non-intervention policy on the composite outcome
of death or BPD. The analysis included 1249 newborns <29 weeks born in 2011 to 2017 and admitted at
two comparable sites, including 341 born <26 weeks EGA. After taking into account time-invariant
differences between sites and secular trends, we saw no change in death or BPD after policy change in
the entire cohort of newborns. However, death or BPD increased significantly among infants born at <26
weeks. The distribution of gestational age at birth between groups in each epoch were similar. Adherence
to policy indicated that use of NSAIDs and ligation declined progressively to 0% at Site 2, the exposure
group, and remained stable at Site 1, the control group. Our sensitivity analyses corroborated the finding
that, among newborns <26 weeks EGA at birth, the policy of non-intervention was associated with an
increase in the primary outcome of death or BPD.

While there have been a few reports of premature newborns managed conservatively (9-11, 149), this
is the largest cohort of newborns evaluated using a DID model, best suited to avoid the inherent
assumptions of pre-post studies (no time-varying confounders extrinsic to the analyzed intervention) and

the confounding by indication typically present in observational comparative studies.

10.1 The case for spontaneous closure
Historically, case series regarding an association between ductal ligation and improvement in respiratory
clinical status, suggested that interventions accelerating PDA closure may lead to a decline in the rate of
death or BPD in vulnerable premature newborns (2, 150-152). Following these reports, publications
described the role of prostaglandins in maintaining the patency of the ductus in patients with congenital
heart defects (153) and the induction of its closure using NSAIDs (154). However, as highlighted in a
recent meta-analysis by Benitz & Bhombal (2) and the AAP statement by the same first author

recommending against the use of NSAIDs in premature infants during their first 2 weeks of life (1), no
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evidence of benefit for death or BPD has emerged from the more than 50 trials that have been carried
out. Since the release of these recommendations, publications (9-11) describing cohorts of premature
newborns non-exposed or partly exposed to NSAIDs have reported a high rate of spontaneous closure of
the PDA before hospital discharge.

Rolland et al. described a cohort of 91 premature newborns <29 weeks, who survived their first
72 hours of life and who were managed without NSAIDs to describe rate of spontaneous closure (10).
PDA was found to still be open in 40% of infants <26 weeks, compared with 20% of the 26%7-27%7
weeks, but this cohort did not include infants <24 weeks, and only 31 were <26 weeks. Death or BPD
occurred in 52% of the overall cohort. The authors mention that they could not exclude that the
conservative approach may have resulted in increased mortality, since some patients died from
pulmonary hemorrhages and severe IVH, complications that are often “attributed” to the PDA in
premature newborns. Our findings suggest that a conservative management policy was, indeed,
associated with a rise in death or BPD in the <26 weeks population (which, compared to Rolland et
al., included very vulnerable patients <24 weeks). Pulmonary hemorrhages leading to mortality are
catastrophic but rare events, hypothesized to be secondary to the excessive pulmonary blood flow and
pressure via the PDA. In our population, early death (sometimes associated with death secondary to
pulmonary hemorrhages) or severe IVH did not change following the adoption of the conservative
policy. It is plausible that, with a population of only 83 newborns <26 weeks exposed to the
conservative policy (epoch 2, site 2), the power was not sufficient to evaluate for these outcomes
individually. The aforementioned placebo-controlled RCT evaluating early indomethacin treatment
(based on ductal size by echocardiography), in a cohort <29 weeks, demonstrated a significant reduction
in pulmonary hemorrhages within the first 72 hours of life in the treatment group (23). The overall
number of pulmonary hemorrhages was similar between groups, but there was a high open-label use of
indomethacin after 72 hours of life in the placebo arm. The trial ended prematurely due to the sudden

unavailability of indomethacin in the Australian market, which led to insufficient recruitment (92 out of
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the anticipated 340), thus limiting further analyses (including stratification by gestational age). In this
cohort, there was no significant difference in the use of oxygen or respiratory support at 36 weeks PMA
(indomethacin group: 25% [11/44] vs. placebo group: 31% [15/48]). The authors did not provide the
numbers for the combined outcome of death or BPD (as some of the newborns who died might have had
BPD), or the breakdown by gestational age.

Another retrospective analysis of a cohort of 195 newborns <29 weeks managed conservatively,
and who had survived to discharge, described the rate of spontaneous closure of the PDA (9). Those
born <25 weeks were exposed to an open PDA for much longer (average of 56 days at closure [range
24-200]), compared with infants who had been born at 25-26 weeks (41 days [range 11-70]) and >27
weeks (36 days post-natal [range 7 to 70]). The authors defined a hemodynamically significant PDA
(hsPDA) as >2 mm in the context of respiratory support requirements. The majority of the <25-week
babies were found to have a hsPDA (93% [50/54]). In the overall cohort, the authors did not find an
association between the duration per week of exposure to hsPDA and the outcome of BPD (odds ratio
of 1.27 [95% CI: 0.96 — 1.68, p=0.09]). BPD occurred in 37% of patients with a hsPDA compared
with 21% without, and those with a hsPDA were much younger (24.8 + 1.3 vs. 26.7 £ 1.2 weeks).
Although spontaneous closure was observed in the majority of infants in this cohort, these results
indicate that the most premature newborns are those with the most long-lasting patency of the ductus
and with an increased likelihood for a hsPDA. Thus, it is possible that, with a greater sample size, the
study would have found a significant association between duration of exposure to a hsPDA and BPD,
specifically in the very premature infants (authors did not stratify by EGA). Our results indicate that
a conservative management did not impact the outcomes of the >26 weeks, who generally have a
lower frequency of hsPDA and earlier closure of PDA. However, with long-lasting exposure to an
open hsPDA, the lower EGA newborns may have increased risk for significant lung injury explaining

the finding in our cohort. Similarly, the meta-analysis by Benitz et al. mentioned that the subgroup of
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extremely premature newborns, who may have the most significant ductal shunting, have not been
well captured within the included trials and may (or not) benefit from early closure (2).

The latest available report describing the natural history of PDA in 297 premature newborns
(<1500 grams) also described an increased duration of ductal patency in the <26 weeks subgroup with
an average of 71 days (95% CI: 51-91) (11). These babies were partly exposed to NSAIDs or ligation
(6% [17/297]) and 15% of those managed conservatively (43/280) had an open ductus at hospital
discharge. Only 48 newborns <26 weeks were included and 32% (15/48) of them had open ductus at
hospital discharge (compared with 12% [28/232] among the >26 weeks). In the overall cohort, BPD
was found in 19% of those with a patent ductus at discharge, vs. 10% in those who had a spontaneous
closure (p=0.123). Again, it is possible that, with a larger population of babies and by stratifying for
those born <26 weeks, the outcome of BPD would have reached statistical significance. Although
most newborns >26 weeks will have spontaneous closure of the PDA, the majority of babies in the
category that is considered to be the most immature (<26 weeks) is exposed to a prolonged patency
and its potential respiratory and physiological effects. These factors may explain why we found an

increase in death or BPD in our <26 weeks subgroup managed without NSAIDs or ligation.

10.2 PDA approach and adverse outcomes
Beyond observational studies describing the natural history of PDA, recent publications have
analyzed the differences in outcomes based on exposure to various PDA management strategies.
These reports must be interpreted with caution, due to the likely presence of confounding by
indication. An analysis of infants born at 400 to 999 grams in 16 neonatal units of the Brazilian
Neonatal Research Network reported an association between the conservative approach and the
combined outcome of death or BPD (pharmacological approach: Odds Ratio 0.29, 95% CI: 0.14 to

0.62) (155). This cohort of patients included newborns <33 weeks and, as such, had some relatively
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more mature babies born with intra-uterine growth restriction compared with the reports described
above. This retrospective analysis comprised newborns who had a PDA confirmed by
echocardiography and categorized in 3 groups: conservative management (n=187), NSAIDs use
(n=205) and surgical ligation (n=102). Death or BPD was found in 72% (134/187) in the conservative
group, compared with 58% (119/205) in the NSAIDs group. These results may support the finding in
our study indicating that the introduction of a conservative approach in the very vulnerable premature
newborns may be associated with a rise in death or BPD.

The impact of screening for PDA has also been evaluated in the context of the EPIPAGE 2
cohort, which is a population-based prospective study carried out in 68 French neonatal units in 2011
(156). Premature infants were categorized according to whether or not they were screened by
echocardiography before 72 hours of life. The authors included 1513 patients <29 weeks in their
analysis. Death rate in those screened was lower (14.2% vs. 18.5%; Odds ratio of 0.73 - 95% CI: 0.54
to 0.98), with a number needed to test estimated at 23. Similarly, Hagadorn et al. (157) attempted to
evaluate the impact of PDA management using the California Perinatal Quality Care Collaborative
database, which collects data on >90% of infants 400 to 1500 grams born in California. Authors included,
in their analysis, 32 094 infants born between 2008 and 2015. Among infants born 400 to 749 grams
(which usually corresponds to infants born <26 weeks EGA), each percentage-point reduction in unit-
specific proportion of NSAIDs or ligation use was associated with a significant dose-response increase
of 0.21%-point increase (95% CI: 0.06 - 0.33 %) in adjusted mortality. Although the secondary outcome
of “absolute rate of death” did not reach statistical significance in our model, the results of these studies
support the concern that we raise regarding the safety of a conservative management policy in the
most premature newborns and suggests that some of these babies may benefit from selective PDA
treatment.

Furthermore, regarding later introduction of NSAIDs administration, the impact of treating

after the first week of life has also been evaluated in an observational prospective study recruiting

MSc Thesis — G. Altit — Version: December 23, 2019 60



Neonatal outcomes of extremely premature infants comparing patent ductus arteriosus management approaches

newborns <28 weeks (n=397) (158). A cohort exposed to indomethacin prophylaxis (n=247), from
2005 to 2011, was compared with infants not treated until 8 days of life (n=150), from 2011 to 2016.
In the <26 weeks, permanent closure was achieved in 2 days (25-75" percentile: 25 days) during the
prophylactic indomethacin epoch and in 25 days (25-75" percentile: 11-47 days) during the later
treatment epoch. The authors reported a significant increase in death or BPD in the later treatment
epoch (RR=0.784 [95%CI: 0.624-0.945]), which supports the concept that longer duration of patency
is associated with increased risk of death or BPD. One must interpret these results with caution due
to the inherent biases introduced by a pre-post study design. However, the association of death or
BPD with the more conservative approach to PDA management supports our findings in <26 weeks

subgroup.

10.3 The conservative treatment — equipoise regarding the extreme premature

The recent PDA-TOLERATE trial was a multicenter (17 sites) RCT that recruited infants born
at 23%7 to 27% weeks with a PDA confirmed by echocardiography at 6 to 14 days of post-natal life (159).
Infants were randomized to early treatment (indomethacin, ibuprofen, or acetaminophen depending on
clinician’s or unit’s preference) or to conservative management (no placebo). The study was unblinded
and excluded newborns who had either died (n=187) or were treated for PDA in the first 7 days of life.
Although reasons for exclusions were not specified, 729 infants (some of whom might have been treated)
were excluded due to the absence of a moderate-to-large PDA at study entry. In the trial, specified
“rescue” criteria (inotrope-dependent hypotension, persistent oliguria, prolonged use of gavage and
requirement for respiratory support at specific post-natal ages) allowed for administration of PDA
treatment in the conservative management arm. Indeed, the authors postulated that some patients had
such important ductus that it warranted treatment (even in the conservative arm), based on the
aforementioned criteria — which describe symptoms that the authors attributed to the effect of the PDA

(they write that “our study investigators felt there were certain conditions that justified rescue PDA
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treatment even in infants assigned to the conservative group” (159)). Furthermore, 181 newborns were
excluded due to “lack of equipoise” by the physician taking care of the patient (the physician wanting to
treat in 86% of cases and not wanting to treat in the rest). The final cohort included 202 patients (only
11% of all the <28 weeks cohort identified initially). Conservative management was applied to 49% (98
patients), of whom half (n=48) received “rescue” treatment. They were compared with 104 infants in the
treatment arm. The authors did not find any major differences between both groups. In the <26 weeks,
death or BPD was found in 75% (conservative) compared with 69% (“early” treatment), not reaching
statistical significance. The use of “rescue” criteria in the PDA-TOLERATE RCT raises concerns about
the equipoise regarding treatment in those newborns with large and persistent PDA, who generally are
the newborns <26 weeks who were underrepresented in the meta-analysis that supported the AAP
recommendations. The PDA-TOLERATE investigators also published the results of the 181 newborns
comprising the “lack of equipoise” group (160) and found that these infants were of lower EGA (25.8 +
1.2 vs. 25.5 = 1.2 weeks; p=0.02) and had increased need for respiratory support (compared with the
newborns included in the RCT). Yet, these infants had a lower death rate than the infants included in the
study (RCT group: 14% vs. “Lack of equipoise” group: 3%). Furthermore, infants that were treated
before day 6 had a significantly lower rate of BPD (OR 0.28; 95% CI: 0.11-0.68) and of the combined
outcome of death or BPD (OR 0.26; 95% CI: 0.11-0.63) (160). Babies born at <26 weeks comprised 69%
of the group treated earlier (day 5 of life or less) and 58% of the group treated after day 6 of life (p=0.01).
These results suggest that the more preterm newborns treated early had decreased rates of death or BPD,
in agreement with our findings of increased adverse outcome following the adoption of the conservative

management policy in our study.

10.4 Strengths and limitations of our study
We used a DID model to evaluate a policy of non-intervention for the PDA adopted at a

quaternary care institution in 2013. This quasi-experimental design uses pre- and post-intervention
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trends, comparing them to a similar population not exposed to the policy change. Strengths of the
study included that our data fitted with the model used and the parallel trend assumption of the
outcomes was verified. Also, the two centers have strong similarities and the definition and collection
of variables are standardized. No evidence of violations of the assumptions were found. All sensitivity
analysis pointed towards the same direction of effect between conservative management and a rise in
the primary outcome in the <26 weeks subgroup. This design is quasi-experimental and avoids
confounding by indication, as well as inherent assumptions of pre-post studies. Although only two
centres were included in our study (due to their similarities and availability of the data), this is a relatively
large population for a study in the premature population. The results are limited by the small population
for the subgroup <26 weeks. The cumulative dose of steroids and/or NSAIDs per patient was not
available. Neither site had an official protocol for PDA screening in place during the entire study period.
Hence, it is difficult to ascertain the incidence of a PDA and of a hemodynamically significant PDA, as
well as the time to closure of the PDA in our cohort. Further granular information about the severity of
the respiratory illness and the causes of death in our population were not available. As such, the severity
of BPD may have changed over time and is not captured by this study.
10.5 Future directions

Recent studies have evaluated the role of acetaminophen on the ductus arteriosus, in the hope of
avoiding the side-effects associated with NSAIDs in preterm newborns. Indeed, a meta-analysis of 8
RCTs found that acetaminophen had similar efficacy compared with indomethacin and ibuprofen to
achieve ductal closure in premature newborns, with fewer side effects (decreased gastro-intestinal bleed
and decreased serum creatinine concentration) (161). Future studies should evaluate if the selective use
of acetaminophen, based on echocardiographic assessment of the PDA in the <26 weeks premature
newborns, leads to improved outcomes with a more favorable side-effect profile (compared with
NSAIDs). Furthermore, current trials are evaluating the use of the Amplatzer Piccolo Occluder for the

catheter-based closure of the PDA in newborns beyond 72 hours of life and at a weight above 700 grams
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(162, 163). Future studies should evaluate if the conservative management policy is associated with an
increase in pulmonary hypertension at 36 weeks PMA or in pulmonary hemorrhages leading to mortality.
These variables were not recorded in our local databases, due to the lack of consensus regarding their
definition. Also, the long-term impact on neurodevelopment of a conservative management policy should

be further investigated.

11 Conclusion

Premature newborns are at high risk of mortality and various morbidities. Although the PDA
has been associated with some of the adverse outcomes of prematurity, previous studies have failed
to show an improvement with the use of NSAIDs or ligation. Current guidelines recommend against
the use of treatment of premature newborns in the first two weeks of life, regardless of gestational age
at birth.

Our study of infants born premature 29 weeks and less, based on a quasi-experimental model
emulating a RCT, indicated that a conservative management policy of the PDA was associated with a
rise in death or BPD in infants born at less than 26 weeks, but not in the overall cohort. Our results
indicate that abandoning the use of NSAIDs or ligation in the population born at 26°7 weeks or more is
not associated with a rise in adverse outcomes. Thus, our results do not support the practice of attempting
PDA closure in this more mature cohort of newborns but suggests that it may be beneficial in infants
born <26 weeks. As our study included only 341 <26 weeks, our results should be further corroborated

in this more vulnerable subpopulation.
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13 Appendix A: Congenital anomalies excluded:

Diagnosis ICD10 - Number
Anencephaly Q00
Encephalocele Q01
Spina Bifida Q05
Spinal Cord Anomaly Other Than Spina Bifida Q06
Other Congenital Malformations Of The Nervous System Qo7
Anophthalomos, Microphthalmos And Macrophthalmos Ql1
Double Outlet Right Ventricle Q20.1
Transposition Of The Great Vessels (Tgv) Q20.3
Atrioventricular Septal Defect Q21.2
Tetralogy Of Fallot Q213
Pulmonary Valve Stenosis Q22.1
Hypoplastic Left Heart Syndrome Q234
Total Anomalous Pulmonary Venous Connection Q26.2
Coarctation Of The Aorta Q25.1
Congenital Malformations Of The Larynx Q31
Congenital Malformations Of The Trachea And Bronchus Q32
Congenital Malformations Of The Lung Q33
Congenital Cystic Lung Q33.0
Sequestration of The Lung Q33.2
Atresia Of Oesophagus Without Fistula Q39.0
Atresia Of Oesophagus With Tracheo-Oesophageal Fistula Q39.1
Congenital Absence, Atresia And Stenosis Of The Small Intestine Q41
Congenital Absence, Atresia And Stenosis Of The Duodenum Q41.0
Congenital Absence, Atresia And Stenosis Of The Jejunum Q41.1
Congenital Absence, Atresia and Stenosis of The Anus (Imperforate Anus) Q423
Indeterminate Sex And Pseudohermaphroditism Q56
Renal Agenesis And Other Defects Of The Kidney Q60
Congenital Posterior Urethral Valves Q64.2
Craniosynostosis Q75.0
Congenital Diaphragmatic Hernia Q79.0
Exomphalos Q79.2
Gastroschisis Q79.3
Congenital Ichthyosis Q80
Epidermolysis Bullosa Q81
Neurocutaneous Syndromes Q85
Fetal Alcohol Syndrome (Dysmorphic) Q86.0
Situs Inversus Q89.3
Down'S Syndrome Q90
Edwards' Syndrome Or Trisomy 18 Q91.3
Patau Syndrome Or Trisomy 13 Q91.7
Other Trisomies And Parial Trisomies Of The Autosomes Not Elsewhere Classified Q92
Monosomies And Deletions From The Autosomes Not Elsewhereclassified Q93
Balanced Rearrangements And Structural Markers Not Elsewhere Classified Q95
Turner's Syndrome Q96
Other Sex Chromosome Abnormalities, Female Phenotype Not Elsewhere Classified Q97
Other Sex Chromosome Abnormalities, Male Phenotype Not Elsewhere Classified Q98
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Centre universitaire
de santé McGill

McGill University
Health Centre

2019-10-02
Dr. Gabriel Altit
email: gabalt@gmail.com

Re: Authorisation to conduct your research study at the MUHC
Objet: Autorisation de réaliser votre projet de recherche au CUSM

Titre du projet: Issues reliées a diverses stratégies de prise en charge du canal artériel
chez I'extréme prématuré

Project Title: Neonatal outcomes of extremely premature infants comparing patent ductus
arteriosus management approaches

CER évaluateur / Reviewing REB: CER CUSM/ MUHC REB

Numéro de dossier CER CUSM / MUHC REB File Number: MP-37-2019-4876
/ Neonatal outcomes of extremely premature infants comparing patent ductus arteriosus
management approaches

Date d'approbation éthique / REB Approval Date: 2019-09-30

Personne contacte au CER CUSM / MUHC REB contact person:

Pediatrics Panel (PED)
Elizabeth Craven
elizabeth.craven@muhc.mcgill.ca

*** La version frangaise suit ***
Dr. Altit,

We are pleased to allow you to carry out the research project, identified above, under the
auspices of the MUHC.

This authorization allows you to perform research at the MUHC.

By granting this authorization, our institution recognizes the ethical review that was done by
the REB mentioned above.

« This REB is the Reviewing REB for this project in accordance with the MSSS Cadre
de référence des établissements publics du RSSS pour l'autorisation d’une
recherche menée dans plus d’un établissement (le Cadre de référence) (the MSSS
Framework);

« This REB confirmed on the date of REB approval, see above, the positive outcome
of the scientific and ethics reviews of the project; and

o This REB approved the network version of the consent form used in French and
English for this research. If the Reviewing REB determines that changes to the
network version of the consent form affect the ethical acceptability of the project it
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may suspend its ethical approval for the institution.

We acknowledge receipt of the consent form that you prepared for our institution from the
network version. A copy of this consent form and of this authorization will be forwarded to
Reviewing REB.

Our institution also recognizes that the study mentioned above has received all the required
institutional approvals, namely:

« Contracts
o Use of pediatric resources
o Access to pediatric health records

This authorization is given on condition that you commit to:

» Respecting the provisions of the MSSS framework relevant to your research project;

o Complying with the MUHC regulatory framework (April 2016) for research involving
humans, including the identification of research participants;

e Using the version of the documents relating to the research approved by the
Reviewing REB, to which only administrative changes have been made and
communicated to the Reviewing REB; and

« Meeting the requirements set by the Reviewing REB for ongoing ethical oversight of
research.

Please note that we will not communicate with the sponsors. This responsibility belongs to
the researcher concerned in accordance with good clinical practice.

The authorization given to you to realize the research project under the auspices of our
institution will be renewed without further proceedings on the date specified by the REB
assessor's decision to renew its ethical approval for this research.

Please contact the MUHC REB coordinator mentioned above for any questions regarding
this authorization or its renewal or about administrative changes that have been made to the
version of the documents relating to the research approved by the Reviewing REB.

Please do not hesitate to contact me during the conduct of the study at our institution, if
necessary. You can also seek the advice from our REB by contacting the MUHC REB
Panel mentioned above to obtain the support needed.

Lastly, we ask you to refer to both study numbers assigned to your research project by our
institution and by the Reviewing REB when discussing the study.

Sincerely,

Sheldon Levy (see signature below)
for:

Marie Hirtle, LL.B. LL.M.

Mandated Person

McGill University Health Centre
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cc. Vincent Lajoie
MUHC REB Co-Chair

Docteur Alliit,

Il nous fait plaisir de vous autoriser a réaliser la recherche identifiee en titre et sous les
auspices du CUSM.

Nous vous écrivons pour confirmer que I’étude susmentionnée a recu toutes les approbations
institutionnelles requises, a savoir:

e Les contrats
o Utilisation des ressources adultes
e Acces aux dossiers de santé adultes

Cette autorisation vous permet de réaliser la recherche au CUSM.

Pour vous donner cette autorisation, notre établissement reconnait 'examen éthique
effectué par le CER évaluateur mentionné ci-haut.

e Ce CER agit comme CER évaluateur pour ce projet, conformément au Cadre de
référence des établissements publics du RSSS pour l'autorisation d’une recherche
menée dans plus d’un établissement (le Cadre de référence) ;

o Ce CER a confirmé le résultat positif de 'examen éthique et scientifique du projet a la
date d’approbation éthique mentionnée ci-haut ; et

o Ce CER a approuvé la version réseau du formulaire de consentement en francgais et
en anglais utilisé pour cette recherche.

Nous accusons réception du formulaire de consentement que vous avez préparé pour
notre établissement a partir de la version réseau et nous le joindrons a la copie de cette
autorisation qui sera transmise au CER évaluateur.

Cette autorisation vous est donnée a condition que vous vous engagiez a:

o Respecter les dispositions du Cadre de référence se rapportant a votre recherche;

o Respecter le cadre réglementaire de notre établissement sur les activités de
recherche, notamment pour l'identification des participants a la recherche;

o Utiliser les versions des documents se rapportant a la recherche approuvées par le
CER évaluateur, les seuls changements apportés, si c’est le cas, étant d’ordre
administratif et identifiés de fagon a ce que le CER évaluateur puisse en prendre
connaissance ; et

o Respecter les exigences fixées par le CER évaluateur pour le suivi éthique de la
recherche.

Veuillez noter que nous ne communiquerons pas avec les commanditaires. Cette
responsabilité appartient au chercheur concerné en vertu des bonnes pratiques cliniques.

L’autorisation qui vous est donnée ici de réaliser la recherche sous les auspices du CUSM
sera renouvelée sans autre procédure a la date indiquée par le CER évaluateur dans sa
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décision de renouveler son approbation éthique de cette recherche.

Pour toute question relative a cette autorisation ou a son renouvellement ou au sujet de
changements d’ordre administratifs qui auraient été apportés a la version des documents
se rapportant a la recherche approuvée par le CER évaluateur, veuillez communiquer avec
le coordinateur de CER mentionné en rubrique.

Je vous invite a entrer en communication avec moi pendant le déroulement de cette
recherche dans notre établissement, si besoin est. Vous pouvez aussi solliciter 'appui de
notre CER en vous adressant au Panel du CER CUSM mentionné ci-haut pour obtenir les
conseils et le soutien voulu.

En terminant, veuillez toujours mentionner dans votre correspondance au sujet de cette
recherche le numéro attribué a votre demande par notre établissement ainsi que le numéro
attribué au projet de recherche par le CER évaluateur.

En espérant le tout a votre entiere satisfaction.

Cordialement,

_»@I&Q(f&rr\ "&Qé'.'.-_f;b)"'__ B

ats

Sheldon Levy
MUHC REB Coordinator

for MUHC REB Co-chair mentioned above
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<)
CHU Sainte-Justine
‘ \ Le centre hospitalier
universitaire meére-enfant
Université l'“'l

de Montréal

Le 4 octobre 2019

Docteure Anie Lapointe
CHU Sainte-Justine

Objet Autorisation de réaliser la recherche

IMEO-37-2019-2125 Issues néonatales des nouveau-nés extrémement prématurés en comparant deux approches
médicales du canal artériel.

Cheurcheur principal au CER Eval: Babriel Altit

Cochercheurs: Sahar Saeed; Martine Claveau; Gilles Paradis; Marc Beltempo; Olga Basso

Numéro de dossier CER évaluateur CUSM: MP-37-2019-4876

Bonjour,
ILnous fait plaisir de vous autoriser a réaliser la recherche identifiée en titre dans notre établissement et/ou sous ses auspices.

Cette autorisation vous est accordée sur la foi des documents que vous avez déposés aupres de notre établissement afin de compléter
lexamen de convenance ainsi que la lettre du CER évaluateur. Si ce CER vous informe pendant le déroulement de cette recherche d’une
dédision négative portant sur I’acceptabilité éthique de cette recherche, vous devrez considérer que la présente autorisation de réaliser
la recherche dans notre établissement est, de ce fait, révoquée a la date que porte Uavis du CER évaluateur.

Notre établissement a requ une copie de la version finale des documents se rapportant a la recherche, approuvée par le CER
évaluateur.

Cette autorisation de réaliser la recherche suppose également que vous vous engagez :

1) avous conformer aux demandes du CER évaluateur, notamment pour le suivi éthique continu de la recherche;

2) arendre compte au CER évaluateur et a la signataire de la présente autorisation du déroulement du projet, des actes de votre
équipe de recherche, s’il en est une, ainsi que du respect des regles de U'éthique de la recherche;

3) arespecter les moyens relatifs au suivi continu qui ont été fixés par le CER évaluateur;

4) aconserver les dossiers de recherche pendant la période fixée par le CER évaluateur, apreés la fin du projet, afin de permettre leur
éventuelle vérification;

5) arespecter les modalités arrétées au regard du mécanisme d’identification des sujets de recherche dans notre établissement, a
savoir la tenue a jour et la conservation de la liste a jour des participants de recherche reautés dans notre établissement. Cette liste
devra nous étre fournie sur demande.

La présente autorisation peut étre suspendue ou révoquée par notre établissement en cas de non-respect des conditions établies. Le
CER évaluateur en sera alors informé.

Vous consentez également a ce que notre établissement communique aux autorités compétentes des renseignements personnels qui
sont nominatifs au sens de la loi en présence d’un cas avéré de manquement a la conduite responsable en recherche de votre part lors
de la réalisation de cette recherche.
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En terminant, je vous demanderais de toujours mentionner dans votre correspondance au sujet de cette recherche le numéro attribué a
votre demande par notre établissement ainsi que le numéro attribué au projet de recherche par le CER évaluateur.

Veuillez accepter mes sinceres salutations.

Canae.

Marc Girard, M.D.
Directeur des services professionnels (DAMU)
Personne formellement mandatée au CHU Sainte-Justine pour autoriser la réalisation des projets de rercherche
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