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Outcomes of Extremely Premature Infants Comparing Patent Ductus
Arteriosus Management Approaches
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Objective To evaluate the change in the proportion of deaths/bronchopulmonary dysplasia (BPD) among
premature infants (born <26 and 26-29 weeks of gestational age) following a policy change to a strict
nonintervention approach, compared with standard treatment.
Study design We examined 1249 infants (341 born <26 weeks of gestational age) at 2 comparable sites. Site 1
(control) continued medical treatment/ligation, and site 2 (exposed) changed to a nonintervention policy in late
2013. Using the difference-in-differences approach, which accounts for time-invariant differences between sites
and secular trends, we assessed changes in death or BPD separately among infants born 26-29 weeks and
<26 weeks of gestational age in 2 epochs (epoch 1: 2011-2013; epoch 2: 2014-2017).
Results Baseline characteristicswere similar across sites and epochs.Medical treatment/ligation use remained sta-
ble at site 1 but declined progressively to 0% at site 2, indicating adherence to policy. We saw no difference in death/
BPD among infants born at 26-29weeks of gestational age (12%, 95%CI -1% to 24%). However, incidence of death/
BPD increased by 31% among infants born <26 weeks of gestational age (95%CI 10%-51%) in site 2, whereas there
was no change in outcomes in site 1. The Score for Neonatal Acute Physiology-Version II, used as a control outcome,
did not change in either site, suggesting that our findings were not due to changes in patients’ severity.
Conclusions Adherence to a strict conservative policy did not impact death or BPD among 26 weeks but was
associated with a significant rise in infants born <26 weeks. (J Pediatr 2021;235:49-57).
See related article, p 58
atent ductus arteriosus (PDA) is associated with numerous complications of prematurity, including
Pbronchopulmonary dysplasia (BPD) and death.1,2 Although nonsteroidal anti- inflammatory medications (NSAIDs)
increase ductal closure,2,3 these medications have side effects,3 and surgical ligation is associated with adverse out-

comes.1 Results from clinical trials show that, although successful in achieving PDA closure, medical and surgical approaches
were not associated with improved outcomes.1,2 Despite this, and that the ductus spontaneously closes in most premature new-
borns,4,5 NSAIDS or ligation are commonly used in the extremely premature population. The ample evidence indicating that
there are no improved long-term outcomes following medical or surgical treatment of PDA has fueled the current uncertainty
surrounding management.2,6-13 Even though few studies have documented the safety of a “conservative” approach of nonin-
tervention with respect to BPD and mortality among premature newborns,3 in 2016, the American Academy of Pediatrics
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recommended against treating the PDA during the first 2 weeks of life of
extremely premature newborns.9 This recommendation underscored the lack
of evidence of improved outcomes of accelerating PDA closure, leading some
centers to take a conservative approach. In this study, we applied a quasi-
experimental design, the difference-in-differences (DID) approach, to evaluate
whether a strict conservative approach (no intervention to accelerate closure,
supplemented by other interventions such as use of diuretics or fluid restriction)
to PDA management, compared with a traditional approach (treatment with
NSAIDs and/or ligation to accelerate ductal closure), yielded similar outcomes
in premature newborns born at 26-29 and <26 weeks of gestational age.
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BPD Bronchopulmonary dysplasia

DID Difference-in-differences

NICU Neonatal intensive care unit

NSAID Nonsteroidal anti-inflammatory drug

PDA Patent ductus arteriosus

PMA Postmenstrual age

SGA Small for gestational age
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Methods

A priori, we identified 2 neonatal intensive care units (NI-
CUs) to serve as the control (site 1) and exposed (site 2) sites,
respectively. For both sites, we used data from the Canadian
Neonatal Network registries, which collects standardized
perinatal and neonatal data on sociodemographic informa-
tion, treatments, and outcomes of deliveries up to
29 weeks.14,15 The sites, both quaternary care pediatric insti-
tutions (mother-child centers), are located in the same city
and share similar characteristics with respect to (1) clinical
practices (contemporaneous adoption of new oxygen satura-
tion targets,16 use of noninvasive continuous positive airway
pressure as a primarymode of support with rescue intubation
and surfactant, use of pasteurized human milk, use of similar
ventilation practices); (2) comparable patient populations, in
terms of socioeconomic status and risk factors (cardiac, hyp-
oxic ischemic encephalopathy, surgical, and extremely pre-
term cases); (3) presence of neonatal nurse practitioners;
(4) being university-affiliated institutions; and (5) presence
of a neonatal transport team for admission of both inborn
and outborn infants. Most of the neonatologists at both sites
had been trained at their respective university, with several
crossing over after their training. Site 2 was on 2 physical lo-
cations, both attended by the same medical team, until it
moved to a new single-bed combined unit in mid-2015.
Site 1 was on a single physical site and moved to a new
single-bed unit in late 2016 (with the same team).

The study population consisted of all infants £29 weeks
born between January 2011 and December 2018 who were
admitted at either of the 2 study sites within 24 hours of birth
and who did not meet the exclusion criteria, which were
death within the first 24 hours of life, transfer after 24 hours
of life, presence of congenital heart malformations
(excluding atrial or ventricular septal defect), or other signif-
icant congenital anomaly (including genetic disorders). As
we planned a priori to analyze the subset of infants born at
less than 26 weeks, data are presented separately for the 2 sub-
groups (<26 weeks and 26 weeks or more). The study was
approved by the ethics boards of the 2 hospitals.

The exposure was a clinical policy change implemented at
site 2 on September 27, 2013, which established that the clin-
ical team would adhere to a strict conservative management
of PDA (ie, with no use of NSAIDs or ligation and with no
“rescue” criteria for treatment). The policy was adopted after
internal review of practice guidelines. Newborns at site 1 were
exposed to NSAIDs and/or ligation based on previously
published echocardiography criteria.17 In this study, we
categorized time “before” and “after” policy initiation as 2
epochs: epoch 1 (birth years 2011-2013) and epoch 2
(2014-2017 up to December 31, 2017).

The primary outcome was a composite of death or BPD,
defined as any respiratory support or oxygen supplementa-
tion (including low flow nasal cannula) at 36 weeks of post-
menstrual age (PMA), or at the time of NICU discharge, if
discharge occurred before 36 weeks of PMA.18
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Statistical Analyses
We used Fisher exact and c2 tests to evaluate differences in
categorical characteristics between the 2 centers, and Student
t test and Wilcoxon Mann-Whitney tests to compare para-
metric and nonparametric continuous variables, respectively,
between centers and between epochs. We applied the DID
approach (Figure 1; available at www.jpeds.com), a quasi-
experimental method, to estimate the impact on death or
BPD of changing to a strict conservative PDA management
approach, compared with standard care (NSAIDs and/or
ligation).19 The crucial assumptions of the DID model is
that the policy change was independent of unobserved
time-varying factors and that other relevant factors were
comparable between the 2 groups across the study epochs
(additional details available in the Appendix [available at
www.jpeds.com]).19 We chose this design to control for
secular trends and avoid confounding by indication.
Rates of the outcomes of interest were modeled by linear

regression of observed outcomes for each subject, as binary
variables, on the binary inputs of site (site 1 vs site 2), epoch
(epoch 1 vs epoch 2), and exposure to the change in practice
(change in practice at site 2, as an interaction term for site
and epoch).20 Linear regression is preferred for such
binary-on-binary regression models, as the regression coeffi-
cients directly correspond to the magnitude of the effect of
each variable on the probability of the outcome of interest.21

In addition, wemodeled the relative change in outcome using
Poisson regression with robust covariance matrix estimators
(Eicker–Huber–White SEs).22-25 The potential impact of fac-
tors that varied between epochs or sites was assessed in
regression models that included those factors as independent
variables. We visually evaluated the assumption of parallel
trends in epoch 1 based on the logarithm scale (Appendix).
By examining an outcome not expected to change as a

result of the change in PDA policy (“placebo” outcome),
we further assessed whether omitted variables may have
influenced our results.26 We used a Score for Neonatal Acute
Physiology (an indicator of baseline neonatal illness) above
20 as the placebo endpoint.27 Additional details are included
in the Appendix. All analyses were carried out using R
(v 3.4.4, Open-Source International Collaborative) and R
Studio (v 1.0.143, Open-Source International Collaborative).

Results

During the study period, a total of 1298 babies with gestational
age at birth of £29 weeks were admitted to the study NICUs.
Of these, 49 (including 18 born at a gestational age of
<26 weeks) met exclusion criteria: 16 died within 24 hours
of birth, 9 were admitted >24 hours after birth, and 24 had
a major congenital anomaly. The final analytic sample
comprised 1249 infants, including 341 (27.3%) born
<26 weeks of gestational age. Average gestational age was
similar at each site in the 2 epochs in both the <26
and ³26 weeks subsets of infants (Table I; available at www.
jpeds.com). Demographic and clinical characteristics, as well
Altit et al
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Table II. Characteristics of the study population by site and epoch

Site 1 (control) Site 2 (exposed) Site 1 (control) Site 2 (exposed)

Epoch 1 Epoch 1 Epoch 2 Epoch 2

<26 wk of gestational age

n = 75 n = 44 P value n = 139 n = 83 P value

Baseline and pretreatment variables
Gestational age (wk) 24.5 (0.7) 24.3 (0.7) .31 24.3 (0.7) 24.2 (0.7) .44
Birth weight (g) 718 (119) 732 (102) .50 718 (146) 700 (118) .35
Male sex 42 (56) 25 (57) 1.00 72 (52) 48 (58) .41
Cesarean delivery 36 (49) 20 (45) .70 89 (64) 52 (63) .89
Apgar at 5 min <7 45 (63) 23 (52) .33 88 (64) 59 (71) .31
Outborn 5 (7) 3 (7) 1.00 17 (12) 8 (10) .66
Singleton 56 (75) 31 (70) .67 96 (69) 70 (84) .02
SGA 6 (8) 1 (2) .26 12 (9) 5 (6) .61
SNAP-II 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) .29
Maternal hypertensive disorder 9 (13) 1 (2) .09 13 (10) 8 (10) 1.00
Antenatal antibiotic used 50 (68) 33 (75) .53 105 (78) 69 (84) .38
ROM ³24 h 19 (26) 17 (39) .21 39 (29) 37 (46) .01
Surfactant used 64 (85) 44 (100) .007 113 (81) 75 (90) .08

Treatment variables
Ibuprofen used 43 (57) 33 (75) .07 91 (65) 9 (11) <.0001
Indomethacin exposure 3 (4) 0 (0) .29 7 (5) 0 (0) .047
NSAIDS used or ligation 50 (67) 33 (75) .41 96 (69) 9 (11) <.0001
Ligation 21 (28) 6 (14) .11 19 (14) 0 (0) .0001

Outcomes
IVH grade 3 or more 17 (23) 14 (32) .34 32 (23) 16 (21) .73
NEC 17 (23) 5 (11) .15 21 (15) 7 (8) .21
ROP stage 3 and more 18 (13) 9 (20) .46 34 (17) 14 (17) .11
ROP treated 10 (29) 6 (14) 1.00 28 (20) 3 (4) .0002
Nosocomial infection 43 (57) 18 (41) .09 70 (50) 35 (42) .27
Early onset sepsis 3 (4) 2 (5) 1.00 3 (2) 4 (5) .43
Postnatal systemic steroids 42 (56) 27 (61) .7 101 (73) 50 (60) .07
Ventilation d 25 (7-43) 18 (8-21) .31 23 (10-41) 18 (6-37) .19
Length of stay in alive at discharge 141 (38) 132 (62) .28 131 (28) 28 (43) .57
BPD 35 (80) 6 (19) <.0001 71 (73) 35 (56) .03
Death 33 (44) 13 (30) .13 47 (34) 21 (25) .23
Death or BPD 66 (88) 19 (43) <.0001 113 (81) 55 (66) .02

‡26 wk of gestational age

n = 308 n = 112 P value n = 310 n = 178 P value

Baseline and pretreatment variables
Gestational age (wk) 27.7 (1.1) 27.7 (1.0) .91 27.7 (1.1) 27.6 (1.1) .26
Birth weight (g) 1080 (265) 1070 (257) .74 1057 (272) 1083 (255) .31
Male sex 172 (56) 66 (59) .58 161 (52) 88 (49) .66
Cesarean delivery 201 (65) 76 (68) .64 230 (74) 116 (65) .04
Apgar at 5 min < 7 127 (41) 41 (37) .43 117 (38) 79 (44) .19
Outborn 18 (6) 15 (13) .02 33 (10) 27 (15) .19
Singleton 238 (77) 82 (73) .46 222 (72) 131 (74) .71
SGA 35 (11) 16 (14) .52 55 (18) 14 (8) .004
SNAP-II score >20 60 (19) 24 (22) .73 55 (18) 28 (16) .66
Antenatal steroids 289 (94) 100 (90) .27 289 (91) 161 (90) 1.00
Maternal hypertensive disorder 70 (23) 21 (19) .53 59 (19) 30 (17) .61
Antenatal antibiotic used 176 (57) 61 (56) .82 182 (60) 116 (68) .09
ROM ³24 h 80 (26) 33 (30) .55 67 (22) 52 (29) .08
Surfactant used 158 (51) 77 (69) .002 180 (58) 90 (50) .13

Treatment variables
Ibuprofen used 78 (25) 38 (34) .11 101 (33) 10 (6) <.0001
Indomethacin exposure 1 (1) 0 (0) 1.00 7 (2) 0 (0) .05
Ligation 28 (9) 2 (2) .01 4 (1) 0 (0) .30
NSAIDS used or ligation 84 (27) 38 (34) .23 107 (35) 10 (6) <.0001

Outcomes
IVH grade 3 or more 27 (9) 14 (13) .32 22 (7) 21 (12) .11
NEC 34 (11) 8 (7) .32 21 (7) 4 (2) .05
ROP stage 3 and more 12 (4) 4 (4) 1.00 7 (3) 5 (3) .76
ROP treated 1 (1) 0 (0) 1.00 3 (3) 2 (4) 1.00
Nosocomial infection 82 (27) 27 (24) .69 58 (19) 39 (22) .46
Early onset sepsis 3 (1) 5 (4) .06 4 (1) 3 (2) .71
Postnatal systemic steroids 71 (23) 29 (26) .63 75 (24) 39 (22) .64

(continued )
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Table II. Continued

Site 1 (control) Site 2 (exposed) Site 1 (control) Site 2 (exposed)

Epoch 1 Epoch 1 Epoch 2 Epoch 2

<26 wk of gestational age

n = 75 n = 44 P value n = 139 n = 83 P value

Ventilation d 3 (0-14) 3 (1-12) .73 2 (0-10) 2 (0-7) .23
Length of stay in alive at discharge 75 (41) 74 (38) .76 81 (41) 73 (38) .05
BPD 101 (37) 22 (21) .002 108 (38) 35 (21) <.0001
Death 43 (14) 6 (5) .02 28 (9) 9 (5) .11
Death or BPD 135 (44) 28 (25) <.0001 133 (43) 43 (24) <.0001

IVH, intraventricular hemorrhage; NEC, necrotizing enterocolitis (stage 2 or above per Bell criteria, nosocomial infections diagnosed 2 days after birth with positive blood or cerebrospinal fluid culture);
ROM, rupture of membranes; ROP, retinopathy of prematurity; SNAP-II score, Score for Neonatal Acute Physiology, Version II.
Expressed as mean (SD) or count (%).
P value for differences between sites. Fisher exact test for categorical variables; Student t test (for gestational age, birth weight, and length of stay in alive at discharge) and Wilcoxon Mann-Whitney
test (for ventilation days).
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as neonatal outcomes during hospitalization, are shown in
Table II. Gestational age at birth, birth weight, infant sex,
and steroids exposure before and after birth were similar
between sites and subsets (<26 and ³26 weeks of gestational
age) in each epoch. Among babies ³26 weeks of gestational
age, outborn status was more frequent in epoch 2 at site 1
and cesarean delivery and small for gestational age (SGA)
were less common in epoch 2 at site 2. Among babies born
<26 weeks of gestational age, the proportion of singletons
was slightly higher at site 2 in epoch 2 (84% vs 69% at site
1). Newborns <26 weeks of gestational age at site 2 were
more frequently exposed to prolonged rupture of
membranes, compared with newborns at site 1 in epoch 2.
In epoch 1, newborns at site 2 were more frequently
exposed to surfactant replacement therapy than those at site
1 (³26 weeks: 51% vs 69%; <26 weeks: 85% vs 100%).
Finally, although numbers were small, retinopathy of
prematurity requiring treatment in infants born at
<26 weeks of gestational age appeared to be less common in
epoch 2 at site 2 (6/44 [14%] vs 3/83 [4%]).

In both, the <26 and 26-29 weeks of gestational age strata,
use of NSAIDS or ligation decreased progressively to reach
0% at the end of epoch 2 at site 2 (birth year 2017). In site
1, use of NSAIDS remained constant between epochs 1 and
2, Figure 2, A. 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.

The proportion of the composite death or BPD outcome at
the 2 sites in each epoch is shown in Figure 2, B. As per
standard practice, we visually confirmed the parallel trends
assumption between sites on the linear and relative scale
prior to the adoption of the policy (Figure 2 and Figure 3
[available at www.jpeds.com]). In the ³26-week subset, the
proportion of death or BPD remained stable between the 2
epochs at each site: 135 of 308 (44% of site 1) patients vs
28 of 112 (25% of site 2) in epoch 1 and in 133 of 310
(43% of site 1) vs 43 of 178 (24% of site 2) in epoch 2. In
the <26-week subset, death or BPD occurred in 66 of 75
(88% of site 1) patients vs 19 of 44 (43% of site 2) in
epoch 1 and in 113 of 139 (81% of site 1) vs 55 of 83 (66%
of site 2) in epoch 2. Results of the DID model for the
52
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outcome of death or BPD are presented in Table III. The
DID interaction term estimate for the more mature infants
indicated an effect on the outcome between �1% and 24%
(b 12%), potentially suggestive of a modest increase in this
group (nonsignificant). However, their observed proportions
of death or BPD appeared to be stable (Figure 2). Among
babies born <26 weeks of gestational age, we saw an absolute
increase of 31% (95% CI 10%-51%) in the occurrence of
death or BPD following the policy change. In the overall
cohort, not stratified by gestational age, there was no
difference in primary outcome following the policy change
(Table III).The relative risk, by the Poisson model, increased
by 66% (relative risk 1.66 [95% CI 1.13-2.46]) (Table III).
Models adjusted for surfactant and singleton status in the
<26-week group and for surfactant, outborn status, SGA
status, and cesarean delivery in the ³26-week group did not
improve the fit of the unadjusted models.
The proportion of newborns with a Score for Neonatal

Acute Physiology, Version II score above 20 (“placebo
outcome”) remained stable in both sites and was similar
between epochs (Figure 4; available at www.jpeds.com).
Table IV (available at www.jpeds.com) shows that, for this
outcome, the interaction terms were not different from 0 in
either the ³26 weeks or the <26 weeks.

Discussion

In this study of 1249 newborns admitted at 2 comparable
sites, a strict PDA nonintervention policy did not meaning-
fully affect the incidence of death or BPD among infants
born at 26-29 weeks of gestational age but was associated
with higher incidence of death or BPD among those born
before 26 weeks of gestational age (n = 341). This finding
was consistent across all sensitivity analyses. Although there
have been sparse reports on premature infants managed
conservatively,4,5,13,28 this large cohort of newborns was eval-
uated using a DID model, which accounts for time-invariant
differences between sites and secular trends. Our overall
finding of no benefit of NSAIDs for death or BPD among in-
fants born ³26 weeks of gestational age is consistent with the
results of 2 meta-analyses that summarized the findings of
Altit et al
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Figure 2. A, Adherence to policy. Proportion exposed to NSAIDs or ligation by site and year. 908 newborns were born at
26-29 weeks and 341 at <26 weeks. Site 1 (control, dark gray), site 2 (exposed, light gray). The 95%CIs are indicated by dashed
lines. Lines were obtained joining yearly averages. B, Death or BPD rate by year and site. Proportion of newborns who died or
developed BPD by site and year. In total, 908 newborns were born at 26-29 weeks and 341 at <26 weeks. Site 1 (control, dark
gray), site 2 (exposed, light gray). The 95% CIs are indicated by dashed lines. Lines were obtained joining yearly averages.
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Table III. Primary outcome by DID model using linear and Poisson regression

DID linear regression for outcome: death or BPD

Coefficients
Death or BPD Point Estimate (b) 95% CI

<26 wk Intercept 0.88 0.81- 0.95
Site �0.45 �0.61 to �0.28
Epoch �0.07 �0.17 to 0.03
Interaction term (DID estimator) 0.30 0.09-0.50

³26 wk Intercept 0.44 0.38-0.49
Site �0.19 �0.29 to �0.09
Epoch �0.009 �0.09 to 0.07
Interaction term (DID estimator) 0.0009 �0.13 to 0.13

£29 wk (pooled data from the overall population) Intercept 0.52 0.47-0.57
Site �0.22 �0.31 to �0.14
Epoch 0.02 �0.05 to 0.09
Interaction term (DID estimator) 0.05 �0.06 to 0.17

DID Poisson regression for outcome: death or BPD

Coefficients Death or BPD Relative risk 95% CI

<26 wk Intercept 0.88 0.81-0.96
Site 0.49 0.34-0.70
Epoch 0.92 0.82-1.04
Interaction term (DID estimator) 1.66 1.13-2.46

³26 wk Intercept 0.44 0.39-0.50
Site 0.57 0.40-0.80
Epoch 0.98 0.82-1.17
Interaction term (DID estimator) 0.99 0.63-1.55

£29 wk (pooled data from the overall population) Intercept 0.52 0.48-0.58
Site 0.57 0.44-0.74
Epoch 1.04 0.92-1.19
Interaction term (DID estimator) 1.19 0.87-1.60

DID (with linear regression or Poisson 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- to 29-week gestational age at birth newborns. The interaction
terms (without any adjustment) between epoch and site exposure are significantly associated with the primary outcome in the ˂26-week newborns. Pooled data from the overall cohort is also
presented, indicating that pooling the data across gestational ages may conceal a potentially important difference in outcome, as the small at-risk population (<26 weeks) is diluted with more
mature infants for whom the change in intervention is of little or no consequence.
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several trials.2,29Most of the studies included infants born be-
tween 28 and 32 weeks, and many had a high open-label use
of NSAIDs in the placebo/no treatment groups or included
NSAIDs use for infants in the placebo arm in a stepwise
manner.30

In a multicenter aggregated data study of the California
Perinatal Quality Care Collaborative,31 adjusted mortality
increased by 0.21% (95% CI 0.06%-0.33%) for each
percentage-point decline in unit-specific proportion of
NSAIDs or ligation use among infants weighing
400-749 g at birth. The same study reported a significant
reduction of NSAIDs use between 2008 and 2015 in all
weight strata (400-1499 g). Among infants weighing
1000-1499 g, there was an association between decreased
ligation rate and death or BPD. These findings were
replicated in a geographically distinct population of
extremely small newborns (400-749 g) from the Pediatrix
Clinical Data Warehouse between 2006 and 2016.32 Re-
sults from these studies are consistent with our findings
that a nonintervention policy was not associated with an
increase in death or BPD among babies ³26 weeks of
gestational age but may adversely impact babies <26 weeks
of gestational age. In contrast, a study that evaluated 61
520 inborn infants from the Pediatrix group, born
between 23 and 30 weeks of gestational age from 2006
54
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to 2015, reported a stable rate of BPD (21%-19%) and a
significant decrease in mortality (13%-10%), whereas
the use of NSAIDs and ligation steadily declined over
the studied period (32%-18% and 8%-3%, respectively).33

Another pre-post study compared a nonintervention
approach with a previous mandatory closure approach
in 178 infants <26 weeks of gestational age who required
mechanical ventilation and had a significant PDA
(³2 mm in size).34 In the first epoch, a large proportion
were exposed to NSAIDs (64%) or ligation (82%; at
12 � 7 days of post-natal life), vs none in epoch 2. The
authors reported a decline in the rate of BPD (58% to
38%) and stable mortality during hospitalization. The re-
sults of these 2 later reports diverge from our findings but
may suffer from the inherent limitations of pre-post
studies. Benitz et al recognized that extremely premature
newborns had not been adequately represented in trials
and that they may (or may not) benefit from early
closure.2 As shown in our study, pooling the data across
gestational ages may conceal a potentially important dif-
ference in outcome, as a small at-risk population
(<26 weeks of gestational age) is diluted with more
mature infants for whom the change in intervention is
of little or no consequence. This mechanism may explain
the negative results of prior randomized trials.
Altit et al
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Several studies have suggested that a strict conservative
management policy may be associated with worse outcomes
in the most premature newborns. In an observational study
of infants <28 weeks of gestational age comparing 2 epochs
(prophylactic indomethacin vs treatment after the first
week of life), permanent PDA closure was achieved earlier
during the prophylactic indomethacin epoch, whereas death
or BPD was higher in the later treatment epoch.35 These
results are similar to those of a recent cohort study of over
39 000 infants born at 24-28 weeks of gestational age, which
reported that both low and high rates of PDA treatment
were associated with adverse outcomes (death or severe
neurological injury), whereas a moderate treatment
approach was associated with better outcome.36 These
studies suggest that extremes in approaches regarding
PDA-targeted interventions should be thoroughly evaluated
before systematic implementation.

An unblinded multicenter trial (PDA-TOLERATE - PDA:
TO LEave it alone or Respond And Treat Early - Trial37)
among infants born at <28 weeks who had not been treated
in the first week of life reported no difference in outcomes be-
tween the treatment and no treatment arms; however, about
one-half of the infants born at <26 weeks had received
“rescue” PDA treatment. Outcomes were more favorable
among the 181 infants who had been excluded from the trial
because of physicians’ lack of equipoise on treatment indica-
tion, which suggests a degree of consistency in identifying a
“significant” duct requiring treatment.38 These results high-
light the need to better evaluate the impact of PDA-related
interventions in the most immature newborns. These infants
were underrepresented in the meta-analysis on which the
American Academy of Pediatrics recommendations were
based.

The main strength of our study is the use of a quasi-
experimental approach to evaluate a policy of noninterven-
tion for the PDA. This design uses changes in pre- and
post-intervention trends, comparing patients from one study
center to a similar population not exposed to the policy
change and allows for better control of confounding by indi-
cation, as it avoids comparing individual patients with and
without NSAIDs/ligation. In addition, the design avoids the
underlying assumption of pre-post studies, which assumes
no underlying secular trends and no time-varying con-
founders.19,20 The 2 study centers were similar with respect
to organization and the patient populations they served
and, because both provide data to the Canadian Neonatal
Network, the definition and collection of variables were stan-
dardized. We saw no evidence of violations of the DID
assumptions. We observed a difference in the absolute
change of death or BPD between the 2 centers for the 2 strata
of gestational age, but trends across the 2 centers were parallel
in epoch 1. As such, we are confident that the only conse-
quential time-varying change was the PDAmanagement pol-
icy adoption. In addition, the results were similar with and
without adjustments for identified time-varying characteris-
tics (surfactant and singleton status in <26 weeks; and for
surfactant, outborn status, SGA status, and caesarean delivery
Outcomes of Extremely Premature Infants Comparing Patent Du
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in the ³26 weeks). All sensitivity analysis corroborated the
main finding of a rise in the primary outcome with conserva-
tive management in the <26 weeks strata. The main limita-
tion was the small number of sites and, consequently, of
infants. We only included 2 centers because of their high level
of comparability. We also had no information on the cumu-
lative dose of steroids and/or NSAIDs per patient. Neither
site had an official protocol for PDA screening in place dur-
ing the entire study period. Hence, we could not ascertain the
incidence of PDA and hemodynamically significant PDA, nor
time to closure. Granular information about the severity of
the respiratory illness and the causes of death in our popula-
tion was not available. Thus, with the evolution of popula-
tions and management strategies, the study would not have
captured changes over time in the severity of BPD (even
within the “severe” BPD stratum). Although BPD was diag-
nosed at 36 weeks of PMA or discharge, whichever came first,
infants born at less than 26 weeks of gestational age are not
transferred to other sites before 36 weeks. We had no infor-
mation about discharge on home oxygen, but length of stay
was similar across sites and epochs.We had no detailed infor-
mation about presence of pulmonary hemorrhage, timing of
PDA treatment, and number of doses for infants exposed to
NSAIDs. However, these factors, despite being informative
for the overall population, do not influence the assessment
of a policy change impact. The change in outcome was not
immediate, reflecting the fact that PDA treatment at site 2
did not stop all at once. (Figure 2). Indeed, there was a
large reduction in PDA treatment at site 2, from 67%
among babies born in 2013 to 29% among those born in
2014, with only a small increase in death or BPD observed
in the latter birth year. The delayed rise in death or BPD
may be because in the initial period following the policy
change, some of the most vulnerable babies still had their
PDA treated. However, the significance of this observation
is uncertain, as well as limited by the small number of
newborns <26 weeks per individual year. Furthermore, we
did not take into account any clustering by neonatologist
or clinical team member exposure. By evaluating the
average change by site, rather than by exposure at the
individual level, we avoid confounding by indication.
Finally, we used a composite outcome (with its inherent
limitations) because variations in survival may result in
variations in the incidence of BPD. We believe that this
does not detract from the key result of this study because
site 2 made the decision to systematically avoid therapeutic
closure of the PDA during epoch 2, including among
infants <26 weeks, a rarely pursued approach that ought to
be studied in the context of the current controversies
regarding PDA management.
In conclusion, although the PDA has been associated with

several 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
active PDA treatment of premature newborns in the first
2 weeks of life, regardless of gestational age at birth. The find-
ings of our quasi-experimental study suggest that a strict
ctus Arteriosus Management Approaches 55
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nontreatment conservative management policy of the PDA
may be associated with a rise in death or BPD in infants
born at less than 26 weeks, but not in babies that are 26-
29 weeks. Our analysis seems to support a management
approach that eliminates PDA treatment had no adverse
impact on subjects ³26 weeks gestation, and that trials of in-
terventions for infants with persistent PDA (whether to accel-
erate closure or manage its effects otherwise) should focus on
infants born <26 weeks of gestational age. Our results
encourage adoption of less interventional strategies in the
more mature preterm infants born 26-29 weeks of gestational
age. In the absence of evidence of benefit, we should
encourage equipoise in enrollment of infants in well-
structured trials to determine whether the suggested benefit
for PDA intervention in the most premature infants is
corroborated. n
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Noninvasive Blood Pressure Measurement in Neonates

McLaughlin GW, Kirby RR, Kemmerer WT, DeLemos RA. Indirect measurement of blood pressure in infants utilizing Doppler
ultrasound. J Pediatr 1971;79:300-3.

In the neonatal intensive care unit, blood pressure is used as an indirect measure of organ perfusion. Fifty years ago in
The Journal, McLaughlin et al proposed a solution to the contemporary problem that the sphygmomanometric

method for blood pressure measurement could not be applied to newborn infants. The reason for this was that the
sound from the neonatal arteries could not be heard with a stethoscope. Thus, instead of using a stethoscope,
McLaughlin et al applied Doppler ultrasound to detect the systolic and diastolic end points. Indirect systolic and dia-
stolic blood pressures were compared with arterial measurements in 15 infants with a weight range of 1000-3000 g.
Doppler ultrasound systolic blood pressure correlated well with arterial values, whereas Doppler diastolic blood pres-
sure measurement was feasible only in the largest infants.

Today, oscillometric blood pressure measurement is standard in the neonatal intensive care unit. The first auto-
mated method for oscillometric blood pressure measurement was published in 1979,1 8 years after McLaughlin’s
“Brief clinical and laboratory observation” on Doppler ultrasound was published in The Journal. The oscillometric
method is superior to the Doppler method in newborn infants, as it is accurate and provides mean and diastolic blood
pressure values, in addition to the systolic blood pressure provided by the Doppler method.2 In the past 50 years, other
technological advancements in the assessment of neonatal organ perfusion have included functional echocardiogra-
phy, electrical impedance cardiometry, near-infrared spectroscopy, and novel Doppler ultrasound technology.3
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Figure 1. DID design models the outcome for the exposure to the change in practice, the epochs and the interaction between
both using a regression analysis. Yi (the probability of the outcome for subject i, here death or BPD) = b0 + b1*[Site of
exposure] + b2*[epoch pre or post-policy adoption] + b3*[Site*epoch] + ε (robust standard errors). Where b0 is the incidence of
the outcome before the intervention at site 1 (control); b1 is the difference in the outcome incidence among those exposed to site
2 (exposure to the change in practice) compared with site 1 (control) in the prepolicy 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); b3 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.

Figure 3. Graphic presentation of the natural logarithm of the proportion of the primary outcome of death or BPD per year of birth
and by site (site 1 control, blue; site 2, exposure to the change in practice, green). The 95%CIs for each trend is represented with
corresponding dash lines. The parallel assumption prior to policy in September 2013 at site 2 was verified visually. The natural log
of the proportion of the primary outcome increased at site 2 after adoption of the policy. Lineswere obtained joining yearly values.
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Figure 4. Site 1 (control, blue), site 2 (exposure to the change in practice, green). The 95% CI for each trend is represented with
corresponding dash lines. The proportion of those with a Score for Neonatal Acute Physiology, Version II (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. Lines were obtained
joining yearly averages. In total, 908 newborns were in the category 26-29 weeks, whereas 341 newborns were <26 weeks.

Table I. Population by gestational age at birth by site
and epoch

Gestational
age, wk

Epoch 1 (2011-2013) Epoch 2 (2014-2017)

Site 1, n (%)
n = 383

Site 2, n (%)
n = 156

Site 1, n (%)
n = 449

Site 2, n (%)
n = 261

23 9 (2.0) 7 (2.7) 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)

Distribution of estimated gestational age in weeks of birth per epoch and site. There has been
an absolute increase in the number of premature newborns admitted to each unit. The distri-
bution of these age groups remained the same in both units. P = .45 for comparisons between
% differences of 2 epochs

Table IV. DID linear regression model using the
placebo (SNAP-II score) as the outcome

<26 wk Point estimate (b) 95% CI P value

Intercept 0.56 0.45-0.67 <.001
Site 0.01 �0.18 to 0.19 .93
Epoch �0.06 �0.20 to 0.08 .43
Interaction term 0.001 �0.23 to 0.23 1.00

‡26 wk Point estimate (b) 95% CI P value

Intercept 0.19 0.15-0.24 <.001
Site 0.02 �0.07 to 0.11 .64
Epoch �0.02 �0.08 to 0.04 .58
Interaction term �0.04 �0.15 to 0.07 .47

SNAP-II score, Score for Neonatal Acute Physiology, Version II.
DID regression with the placebo (in our case the proportion of SNAP-II 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-II scores.
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