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Abstract

Objective—To determine whether prophylactic indomethacin (PINDO) has more or less 

morbidity than delayed conservative management of the moderate-to-large patent ductus arteriosus 

(PDA).

Study design—We performed a prospective double cohort controlled study of infants delivered 

at ≤27+6 weeks gestation (n=397). From January 2005 through April 2011, all infants were treated 

with PINDO (n=247). From May 2011 through August 2016 no infant was treated with 

indomethacin until at least 8 postnatal days (Conservative epoch, n=150). Echocardiograms were 

performed on day 7 and at planned intervals until the PDA was small or closed. A single 

neonatologist prospectively collected all data.

Results—The incidence of moderate-to-large PDA on day 7 and duration of exposure to 

moderate-to-large PDA were significantly less in the PINDO epoch (incidence=10%, median=2 

days) than the Conservative epoch (incidence=67%, median=14 days). Ligation rates were low in 

both epochs (PINDO=14%, Conservative=5%). In multivariate analyses PINDO infants had a 

significantly lower incidence of bronchopulmonary dysplasia (BPD) (RR=0.68, CI:0.46–0.89) and 

BPD or Death (RR=0.78, CI: 0.62–0.95) than Conservative infants. There were no differences 

between the epochs in Death, IVH grades 3 & 4, NEC, or ROP receiving treatment. The effects of 

PINDO on BPD and BPD or death were no longer significant when analyses were adjusted for 

presence of a moderate-to-large PDA on day 7. The significant effects of PINDO were 

independent of whether or not a ligation was performed.

Conclusion—PINDO decreases BPD and BPD or death compared with delayed conservative 

PDA management. These effects are mediated by closure of the PDA.
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Extremely preterm infants frequently develop a moderate-to-large patent ductus arteriosus 

(PDA) at the end of the first week. Early pharmacologic treatment of the PDA is effective in 

closing the PDA, decreasing the incidence of hemorrhagic pulmonary edema (1–3) and 

hypotension, and decreasing the need for early ventilator and inotropic support (4, 5). 

However, long-term benefits appear to be lacking (2, 4, 6–9). Although retrospective 

observational studies demonstrate an association between the presence of a PDA and long-

term morbidities (necrotizing enterocolitis (NEC), bronchopulmonary dysplasia (BPD)), no 

association has been found in the randomized controlled trials (RCTs) that have explored 

this issue (2, 4, 6–9). Based on the evidence from the existing RCTs, the AAP Committee on 

Fetus and Newborn recently concluded that “routine treatment to induce closure of the 

ductus, either medically or surgically, in the first two weeks after birth does not improve 

long-term outcomes” and that “prophylactic use of indomethacin may not be justified by an 

expectation of better long-term outcomes” (10).

Although these RCTs failed to show any long-term benefits, it might be a mistake to 

conclude, based on their results, that exposure to a PDA during the first 2 weeks has no 

long-term consequences. Most of the prior RCTs enrolled patients based on whether the 

PDA was “present”, without taking into account either the magnitude or the duration of the 

left-to-right shunt. Recent studies have shown that the development of BPD is associated 

with persistent moderate-to-large PDAs but is not associated with persistent small, 

nonsignificant PDAs (11). In addition, the average difference between the groups in length 

of exposure to the PDA was less than 6 days. Therefore, it is possible that longer exposure to 

a moderate-to-large PDA may affect long-term morbidity.

We performed a prospective double cohort controlled study to examine whether a 

“conservative” approach to PDA treatment (that allows infants to be exposed to a moderate-

to-large PDA shunt for at least 8 days) is associated with an increase or decrease in 

morbidity compared with an approach that uses prophylactic indomethacin (PINDO). Prior 

to May 2011, all infants in our nursery who delivered at ≤27+6 weeks gestation were treated 

with prophylactic indomethacin (PINDO epoch). After April 30, 2011, prophylactic 

indomethacin was no longer used and infants were only treated with indomethacin if the 

PDA persisted beyond 7 days (Conservative epoch; see Methods). We prospectively 

followed both groups to insure that infants treated with the Conservative approach did not 

have a higher incidence of long-term neonatal morbidities.

Methods

This project was approved by the Institutional Review Board of the University of California 

San Francisco. This study is part of an ongoing prospective study begun in 1992 to evaluate 

different methods of PDA treatment in extremely low birth weight infants. Infants were 

included in the current study if they were born between January 2005 and August 2016, 
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delivered at ≤27 6/7 weeks gestation, and admitted to the intensive care nursery at the 

University of California San Francisco within 24 hours of birth. Detailed descriptions of our 

approach to respiratory and hemodynamic support have been previously published (5, 12–

14).

During the first epoch (PINDO), prior to May 2011, all infants (n=247) were treated with a 

course of prophylactic indomethacin (PINDO) starting within 15 hours of birth, provided 

there were no contraindications. Six potential PINDO doses (a 0.2 mg/kg loading dose 

followed by five 0.1 mg/kg maintenance doses) were given at 24 hour intervals. An 

echocardiogram was performed before the third PINDO dose and doses 4–6 were given only 

if there was evidence (even minimal) of ductus patency on the echocardiogram. An 

echocardiogram was repeated at the end of the first week. Following the PINDO treatment 

infants with a “constricted” (small or closed) ductus (see below for criteria) were examined 

daily for a change in clinical symptoms indicative of a PDA (systolic murmur, widened 

pulse pressure, hyperdynamic precordium). If any of these occurred, an echocardiogram was 

performed within 24 hours.

Infants with a persistent moderate-to-large PDA after the first week were followed with 

echocardiograms to determine if or when retreatment or ligation would be necessary. 

Echocardiograms were performed initially every 7 days for the first 2–3 weeks, then every 

other week until the PDA was no longer moderate-to-large in size. During the PINDO 

epoch, the ductus was “constricted” (small or closed) on day 7 in 90% of the infants (69% 

were closed, 21% were small) (Table I); in 77% of the infants, the ductus stayed small or 

closed from day 7 through hospital discharge (Table I). Moderate-to-large PDAs that failed 

to close or reopened after indomethacin treatment were ligated only if the infants were either 

hypotensive and required inotropic support for more than 3 days, and/or were intubated and 

needed ventilator support that did not improve during a 4–5 day interval. During the PINDO 

epoch 67% of moderate-to-large PDAs that persisted after indomethacin treatment were 

ligated.

In May 2011, we made a change to a more conservative treatment approach. During epoch 2 

(May 2011 through August 2016, n=150) PINDO was no longer used. PDAs were no longer 

treated with indomethacin until at least 8 days of age to allow for spontaneous closure (15). 

During epoch 2, all infants had an echocardiogram on postnatal day 7. Among infants with a 

moderate-to-large PDA that persisted beyond 7 days, 84% were treated pharmacologically 

(either with indomethacin alone (38%) or with acetaminophen (16, 17) followed by 

indomethacin (46%)). (Indomethacin dosing for infants older than 7 days: six potential 0.2 

mg/kg doses were used at 0, 12, 24, 48, 72, and 96 hours; doses 5–6 were given only if there 

was evidence of ductus patency on the echocardiogram performed after the fourth treatment 

dose). Sixteen percent of the infants were not treated because their needs for respiratory 

support were improving despite the presence of the moderate-to-large PDA.

During epoch 2, the rate of PDA “constriction” after pharmacologic treatment was 68%. 

However, only 49% of the infants who received pharmacologic treatment remained 

“constricted” (small or closed) throughout the remainder of their hospitalization. During 

epoch 2 the criteria for PDA ligation were more restrictive than during epoch 1. Infants with 
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moderate-to-large PDAs that failed to close after pharmacologic treatment were ligated only 

if the infants’ needs for ventilatory support were deteriorating during a 4–5 day interval or 

failed to improve during a 2 week interval. During epoch 2, only 22% of PDAs that 

continued to be moderate-to-large after indomethacin treatment were ligated.

There were no changes in our protocols for feeding advances, ventilator management, fluid 

management, or management of hypotension between the two epochs.

A single neonatologist prospectively evaluated and recorded all perinatal/neonatal risk 

factors and outcome measures during the hospitalization (Table I). Gestational age was 

determined by the date of last menstrual period and ultrasounds before 24 weeks gestation. 

Birth weight-for-gestational age z-scores were obtained using the growth curves from 

Fenton et al (18). All infants were examined with serial bedside cranial ultrasounds, initiated 

within the first week of life and repeated weekly or biweekly for the first 4 weeks. Imaging 

was repeated prior to discharge or, more frequently, if there were any abnormal findings. 

Serious intraventricular hemorrhage (sIVH) was defined as grades 3 or 4 IVH (using the 

four-level grading system) (19). Necrotizing enterocolitis (NEC) was defined as Bell’s 

classification II or greater. This included NEC that was treated medically or surgically, and 

“spontaneous perforations” that occurred before 10 days (20). Bronchopulmonary dysplasia 

(BPD) was defined using a modified room air challenge test between 36+0 and 36+6 weeks’ 

corrected age (21). Retinopathy of prematurity (ROP) was defined as stage 2 with plus 

disease or ≥ stage 3 that was treated with laser or bevacizumab (22). Infants who died before 

a diagnosis could be made were excluded from the analyses (Table II; available at 

www.jpeds.com).

The echocardiographic studies included two dimensional imaging, M-mode, color flow 

mapping and Doppler interrogation as previously described (23). A moderate-to-large PDA 

was defined by a ductus internal diameter ≥ 1.5mm or PDA:left pulmonary artery diameter 

ratio ≥0.5, in addition to one or more of the following echocardiographic criteria: a) left 

atrium-to-aortic root (LA/Ao) ratio ≥1.6, b) ductus flow velocity ≤2.5m/sec or mean 

pressure gradient across the ductus ≤8mm, c) left pulmonary artery diastolic flow velocity > 

0.2 m/sec, and/or d) reversed diastolic flow in the descending aorta (14, 24). Ductus that 

failed to meet these criteria were considered to be “constricted” (small or closed) and were 

never treated.

Statistical analyses

When we made the change in practice in May 2011, we anticipated that we would need 150 

consecutively admitted infants to be managed with the new Conservative approach to be able 

to detect a 15% change in the incidence of “BPD/Death” with a power of 0.80. We based our 

power analysis on the incidence of “BPD/Death” that occurred during the PINDO epoch 

(39%, see Results).

STATA (StataCorp. 2015. Stata Statistical Software: Release 14. College Station, TX: 

StataCorp LP) was used for all statistical analysis. Chi-Squared tests were used to compare 

the treatment epochs (Prophylactic and Conservative) for categorical variables. For 

continuous variables, Student’s t-tests were used to compare groups for parametric variables 
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and Wilcoxon rank sum tests to compare groups for non-parametric variables. Logistic 

regression was used to examine the relationship between the treatment groups and the 

various outcome measures. Prophylactic indomethacin treatment was assigned by epoch and 

therefore not confounded by indication. Fifteen infants born during the PINDO epoch 

received their first dose of indomethacin after 24 hours (on days 2 or 3) because of initial 

oliguria, elevated creatinine, or coagulopathy; an additional 12 infants died prior to receiving 

PINDO. All infants born during the PINDO period were analyzed using the intention to treat 

principle.

Although infants in both epochs had similar gestational ages, birth weights, betamethasone 

exposure, and modes of delivery, they differed in a number of other prenatal and neonatal 

factors that might have affected the neonatal outcomes (Table I). We created adjusted 

multivariate models that were specifically designed to examine the effects of the PINDO and 

Conservative Treatment Epochs on the neonatal outcomes. Gestational age, respiratory 

severity and betamethasone exposure have all been associated with neonatal morbidities in 

previous studies. Therefore, we first created a basic model for each outcome that included 

our variable of interest (Treatment Epoch) and forced in the variables Gestational Age, 

Respiratory Severity Score at 24 hours, and Betamethasone Exposure. Using this model we 

performed a logistic regression to determine the risk ratio for the predictor variable 

Treatment Epoch.

Next, we added one of the demographic variables, whose incidence differed significantly (p-

value <0.05) between the two epochs, to the basic model and re-ran the logistic regression to 

determine how much the Treatment Epoch risk ratio was altered by the addition of the new 

variable to the basic model. If the addition of the new demographic variable altered the 

Treatment Epoch risk ratio by more than 4%, it was considered to be an important 

demographic variable that should be added to the Final Adjusted model. We repeated this 

step with each of the other demographic variables that differed significantly between the two 

epochs. Finally, we created the Final Adjusted model for the outcome by adding all of the 

important demographic variables for that outcome to the variables in the basic model (Table 

III). Potential outcomes estimation using STATA’s margins command was used to estimate a 

risk ratio for the final adjusted model.

Results

Two hundred forty seven infants were admitted to the nursery during the Prophylactic epoch 

and 150 infants during the Conservative epoch (Table I). As expected, the incidence of 

moderate-to-large PDA that persisted beyond the end of the first week differed significantly 

between the two treatment epochs (Table I). Infants in the Conservative epoch were exposed 

to a moderate-to-large PDA for a significantly longer period of time than those in the 

PINDO epoch. The median postnatal age when infants finally achieved permanent ductus 

“constriction” (small/closed) in the Conservative epoch was 14 days (25–75th percentile: 7–

43 days) compared with 2 days (25–75th percentile: 2–5 days) during the Prophylactic epoch 

(p<0.01). The difference in exposure to a moderate-to-large PDA was greatest among the 

most immature infants: for infants ≤25 weeks gestation, the median age when permanent 

ductus “constriction” was achieved was 25 days (25–75th percentile: 11–47 days) in the 
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Conservative epoch, and 2 days (25–75th percentile; 2–12 days) in the PINDO epoch; in 

contrast, for infants ≥26 weeks gestation, the median age was 11 days (25–75th percentile: 

7–31 days) in the Conservative epoch, and 2 days (25–75th percentile: 2–3 days) in the 

PINDO epoch (Figure 1).

We created multivariate models specifically designed to compare the effects of the change 

from the PINDO approach with the more Conservative approach on the incidence of 

neonatal morbidities (Table III). In our Final Adjusted models, we found no significant 

differences between the two treatment approaches in the incidences of either death, grades 3 

or 4 IVH, intestinal perforation or NEC occurring either before 10 days or at any time during 

the hospitalization, or the use of laser or bevacizumab treatment for ROP (Table III). This is 

consistent with the results of the previously published RCTs (2, 4, 6–9).

In contrast with what we expected, we observed a significant decrease in the rates of BPD 

and BPD/Death in the PINDO epoch compared with the Conservative epoch. This was true 

whether all infants (n=397: RR=0.784 (95%CI: 0.624–0.945)), or only infants who survived 

beyond 6 days (n=348: RR=0.674 (95%CI: 0.499–0.848)), were included in the analysis (; 

3). The risk ratios and confidence intervals of the simple unadjusted models of BPD and 

BPD/Death were similar to the risk ratios and confidence intervals of their Final Adjusted 

models (Table III). This suggests that the effects of PINDO on BPD and BPD/Death were 

not confounded by any of the differences in demographic characteristics.

To examine which aspects of the PINDO approach might mediate its beneficial effects on 

BPD and BPD/Death, we added several potential PDA-related confounders to the Final 

Adjusted models (Table III). Prior observational studies have shown that infants with a 

moderate-to-large PDA and those who undergo a PDA ligation during the neonatal period 

have an increased risk for neonatal morbidity (11, 14, 25–28). In our study infants who had a 

persistent, moderate-to-large PDA on day 7, or who had a PDA ligation, also had an 

increased incidence of BPD and BPD/Death (Table IV; available at www.jpeds.com)(Figure 

2).

Although infants who had a PDA ligation had an increased incidence of BPD and BPD/

Death, differences in the rates of PDA ligation between the epochs could not explain 

PINDO’s beneficial effects on BPD and BPD/Death (Table III). Adding the variable PDA 

ligation to the Final Adjusted models had no effect on the significant relationships between 

PINDO and the incidence of the two morbidities (Table III).

On the other hand, when we added the variable presence of a moderate-to-large PDA on day 

7 to the Final Adjusted models, we found that the relationship between PINDO and the 

incidences of BPD and BPD/Death were no longer significant (Table III). This suggests that 

the effect of PINDO on these morbidities may be mediated through constriction of the PDA.

Although constriction of the PDA before day 7 was associated with a significant decrease in 

the incidence of BPD and BPD/Death, constriction of the PDA after day 7 was not 

associated with as great a beneficial effect. The incidence of BPD and BPD/Death did not 

appear to be significantly altered by the presence or absence of a moderate-to-large PDA on 
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postnatal day 15 or during the 4th postnatal week if the infant had been exposed to a 

moderate-to-large PDA during the first 7 days (Figure 2).

Discussion

Prior retrospective observational studies that have examined the effects of the presence of a 

PDA and its early treatment on neonatal morbidities have been severely limited by the 

problem of residual confounding (i.e., the presence of a PDA and its need for treatment are 

also likely surrogates for immaturity and illness). In our study, the planned change in the use 

of indomethacin allowed us to use a double cohort controlled study design. With this study 

design prophylactic indomethacin was not confounded by indication, as it has been in 

observational retrospective studies. We found that PINDO decreases the incidences of BPD 

and BPD/Death. The majority of PINDO’s effects can be attributed to its ability to close the 

moderate-to-large PDA that persists throughout the first week when infants are managed 

“conservatively”.

It is interesting to note that although the incidence of BPD and BPD/Death were 

significantly related to the presence or absence of a moderate-to-large PDA during the first 

week, constriction of the PDA after 7 days did not appear to significantly alter the incidence 

of these two morbidities (Figure 2). Although the analyses at the later postnatal ages might 

be less significant because of the reduced sample sizes, one might also speculate that waiting 

until the end of the first week before attempting to close a moderate-to-large PDA may not 

have the same beneficial effects on BPD and BPD/Death as earlier closure. The nearly 

completed PDA-TOLERATE RCT (NCT01958320) that examines the effects of PDA 

treatment at the end of the first week on neonatal morbidity should be able to address this 

speculation.

In our study, prophylactic indomethacin was used as a surrogate instrument for PDA 

constriction. However, there was an imperfect correlation between prophylactic 

indomethacin and PDA constriction because not all infants who received PINDO constricted 

their ductus (23% still had a moderate-to-large PDA beyond day 7), and not all infants in the 

Conservative epoch had a persistent moderate-to-large PDA beyond 7 days (29% had 

constricted their PDA spontaneously before day 7). This imperfect correlation between 

prophylactic indomethacin and PDA constriction does result in misclassification bias; 

however, this type of misclassification would bias our estimate towards the null, meaning 

that the true effect of PINDO is likely greater than what we observed in our study.

Although the PINDO approach is considered more “aggressive” than the Conservative 

approach (10), we found that it was associated with decreased neonatal morbidity. There 

have been 3 other controlled trials that also have compared two epochs of “aggressive” and 

“conservative” PDA management (14, 29, 30). Our findings are consistent with those of 

Kaempf et al (29) who observed that the incidence of BPD or death was significantly 

increased during the “conservative” approach (29).

On the other hand, our findings appear to disagree with the results of the controlled trials by 

Jhaveri et al and Sung et al (14, 30). In their trials, “conservative” management was 
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associated with less morbidity than “aggressive” management (14, 30). However, the 

“aggressive” approach in the Jhaveri and Sung trials relied heavily on early PDA ligation, 

with ligation rates of 100% and 80%, respectively. “Conservative” management was 

achieved through a significant reduction in the rates of ligation, to 72% and 0%, 

respectively(14, 30). In their study population, the reduction in ligation appeared to mediate 

the beneficial effects of “conservative” management because the benefits were no longer 

observed when the analyses were adjusted for the different ligation rates (25). Early surgical 

ligation is known to play a causal role in the development of BPD (28, 31, 32). Therefore, it 

is not surprising that a large change in the rate of ligation would be accompanied by a 

decrease in BPD. However, in our study (Table I), and the study by Kaempf et al (29), the 

ligation rates were markedly lower than in the Jhaveri and Sung studies, and the change to a 

“conservative” approach relied more on a change in tolerating the presence of the PDA than 

on a change in the rates of surgery. Although PDA ligation is associated with increased 

morbidity (Table IV), our rates of ligation were so low that adding PDA ligation as a 

variable to the Final Adjusted models had no effect on the significant relationship between 

PINDO and the incidence of BPD and BPD/Death (Table III). We found that the significant 

effects of PINDO were independent of whether or not a ligation was performed.

In our study there was a trend towards lower sIVH rates in the PINDO epoch among infants 

born ≤25 weeks gestation, especially among those born without adequate antenatal 

betamethasone exposure (data not shown); however, there was no difference in the overall 

rates of sIVH between the epochs (Table III). In contrast with our results, prior RCTs have 

observed a lower incidence of sIVH in PINDO treated infants (6). The prior RCTs were 

performed more than 15 years ago. Since that time sIVH rates have steadily decreased (33). 

We speculate that increases in the use of antenatal betamethasone, cesarean delivery, delayed 

cord clamping, less invasive ventilation, and decreases in sodium bicarbonate use may have 

rendered the beneficial effects of PINDO on sIVH less significant than they were in the era 

when the initial RCTs were performed (33, 34).

There are several limitations to our study. We used data from a single center. Because the 

incidence of moderate-to-large PDA and neonatal morbidities differ by center, our results 

may not be generalizable to centers where the rates differ from ours. In addition, our study 

was not a randomized controlled trial. We evaluated the effects of a change in practice 

between two consecutive time periods. Even though we adjusted our analyses for differences 

between the epochs, there may have been unmeasured changes in practice that could have 

affected the morbidity rates during the study period.

On the other hand there are also strengths to our study. The single center aspect of the study 

meant that the same consensus-driven, standardized approaches to respiratory, 

hemodynamic, fluid, nutrition and PDA evaluation and management were consistent among 

the infants in each of the study epochs. Although differences other than the use of 

prophylactic indomethacin administration existed between the two time periods (Table I), 

models that included these factors produced similar risk ratios and confidence intervals, 

suggesting that these factors were not confounders of the relationship between PINDO and 

BPD and BPD/Death (Table III).
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Over the last decade the use of prophylactic or early PDA treatment has decreased (35). This 

is primarily due to the results of the prophylactic and early PDA treatment RCTs that failed 

to show any improvement in long-term morbidities such as BPD and BPD/Death (2, 4, 6–9). 

Although these RCTs may have provided information about the early, short-term effects of a 

PDA, they were never designed to address the consequences of persistent prolonged, 

hemodynamically significant PDA shunts on the newborn. The impact of a PDA is directly 

related to the magnitude and duration of the left-to-right shunt (11). However, most of the 

prior RCTs enrolled patients based on whether the PDA was “present”, without considering 

the magnitude of the shunt. The inclusion of patients where the ductus is patent, but not 

hemodynamically significant, minimizes the ability to identify any real difference between 

the groups. In addition, none of the prior RCTs were designed to examine the effects of 

prolonged exposure to the PDA shunt. All of the RCTs allowed infants in the Control group 

to be “rescued” or “crossed-over” to the Treatment group, thereby minimizing the difference 

in length of PDA exposure between the groups. The average time before infants in the 

Control group were “rescued” was 2–5 days. Furthermore, 40–60% of the infants in the 

Control groups closed their PDA spontaneously during the first 7 days. This also contributed 

to the small difference in exposure times between the groups. In contrast, in our study, the 

PINDO and “Conservative” epochs differed in their median length of exposure to a 

moderate-to-large PDA by 12 days.

Prior prophylactic and early treatment controlled trials have demonstrated important 

reductions in the risks of several short-term morbidities (4–6). Our results suggest that 

PINDO or early PDA treatment may have the additional benefit of reducing the incidence of 

BPD and BPD/Death compared with delayed conservative PDA management (Table III). 

Although many factors may contribute to the increasing incidence of BPD that has occurred 

since 2009 (33), it is interesting to note that this has occurred during the same interval that 

the use of PINDO and early PDA treatment has been in decline (36). Neonatologists may 

wish to consider these findings when they decide whether or not to use PINDO or early PDA 

treatment in extremely premature infants.
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Abbreviations

RCT randomized controlled trial

PDA patent ductus arteriosus

PINDO prophylactic indomethacin treatment

NEC necrotizing enterocolitis

ROP retinopathy of prematurity
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NEC necrotizing enterocolitis

sIVH serious intraventricular/intracranial hemorrhage (grades 3 or 4)

BPD bronchopulmonary dysplasia

CPAP continuous positive nasal airway pressure

BiPAP biphasic nasal ventilation

STATA Stata Statistical Software, StataCorp. 2015

RR risk ratio

CI confidence interval

RSS Respiratory Severity Score

BPD/Death Bronchopulmonary dysplasia or Death before 36 weeks
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Figure 1. Weekly incidence of Moderate-to-Large PDA shunts in the Prophylactic and 
Conservative Epochs
Infants were considered to have had a moderate-to-large shunt during the first week if the 

PDA was moderate-to-large on day 7. Infants were considered to have had a moderate-to-

large shunt during each of the subsequent weeks (weeks 2–8) if the PDA was moderate-to-

large for at least 4 days of the indicated week.
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Figure 2. Incidence of BPD or BPD/Death when the PDA is still persistently moderate-to-large 
on day 7, day 15 and during the 4th postnatal week
The likelihood of developing BPD or BPD/Death is examined in infants whose ductus is 

constricted by 7 days after birth and compared with those whose PDA is still moderate-to-

large at 7 days (see Echo at 7d). Similarly, the likelihood of developing BPD or BPD/Death 

is examined in infants whose ductus was moderate-to-large at 7 days and was still moderate-

to-large at 15 days (see Echo at 5d) or during the 4th postnatal week (see Echo during 4th 

week).
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Table 2

online: Infants included in analyses of individual neonatal morbidities

Morbidity a
Reasons for exclusion from the 
analysis Infants included in the analysis (% of epoch’s population)

Prophylactic Epoch (n=247) Conservative Epoch (n=150)

Death (n=397) None 100 100

IVH (grades 3 or 4) (n=380) Infants who died ≤4 days without 
evidence of grade 3 or 4 IVH 95 97

BPD b (n=316)
Infants who died ≤36+6 weeks without 
evidence of BPD

80 79

BPD b or Death before 36 wks 
(n=397)

None 100 100

NEC c <10 days (n=337)
Infants who died <9 days without 
evidence of NEC 87 81

Any NEC c during 
hospitalization (n=331)

Infants who died ≤21 days without 
evidence of NEC 85 80

Treated ROP d (n=315)
Infants who died ≤40 weeks without 
having ROP treatment 81 77

a
see Methods for definitions

b
BPD = failure to pass room air challenge test between 36+0 and 36+6 weeks’ corrected age

c
NEC = spontaneous perforations or necrotizing enterocolitis

d
= retinopathy of prematurity stage 2 (with plus disease) or ≥ stage 3 and treated with laser or bevacizumab
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