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In the fetus, the ductus arteriosus (DA) connects the 
pulmonary artery to the aorta. The subsequent right-
to-left shunt through the DA is critical for maintaining 
systemic circulation. A brief period of right-to-left 
shunting after birth may also be important as the left 
ventricle adapts to its new role as the dominant 
pumping chamber. Thereafter, in healthy term infants, 
the DA closes, usually by three days of life. However, 
in preterm infants, particularly those with lung 
disease, there is a tendency for the DA to remain 
open. Hence, "patent ductus arteriosus" (or PDA) is a 
common diagnosis in these infants.

There is a strong association between the presence 
of a patent ductus arteriosus (PDA) in preterm infants 
and the development of chronic lung disease (CLD). 
The association with other morbidities is less clear. In 
addition, in some animal models, left-to-right shunting 
through a PDA results in abnormalities in pulmonary 
function. These observations have lead many 
clinicians to conclude that a PDA contributes to the 
pathophysiology of CLD and that treatments to 
prevent or close the PDA will reduce the likelihood of 
CLD (and perhaps other morbidities). These 
treatments include the use of prostaglandin inhibitors 
such as indomethacin (and, less commonly, 
ibuprofen), as well as surgical ligation. However, 
despite nearly three decades of research, the 
question of whether these treatments improve 
outcome remains unanswered. The lack of placebo 
controlled trials without significant treatment of infants 
in the control group creates a challenge for clinicians 
who must decide whether or when to treat a PDA.

In this month's issue, we review treatment strategies 
for closing the PDA. These strategies are divided into 
a) preventive or prophylactic treatment designed to 
affect closure and prevent left-to-right shunting, and b) 
treatment strategies designed to close the PDA after 
documentation of patency. Herein we review evidence 
regarding the effect of these treatments on morbidities 
associated with prematurity and the limitations of 
these studies.
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COMMENTARY

In preterm infants, patency of the DA has been associated with a variety of morbidities, most 
notably chronic lung disease (CLD) . Because of this association, many clinicians assume 
that the PDA is pathologic and contributes to the development of these morbidities. Belief in 
this principle has been so well established for such a long period of time that virtually all 
clinical trials in the modern era have focused on determining the most expeditious way in 
which to close a PDA. None have addressed the more fundamental question of whether 
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closing the PDA improves outcome. The trials that included control groups treated with a 
placebo permitted, in fact prescribed, treatment of any PDA that persisted for even a brief 
period after study enrollment. This study design has resulted in high rates of cross-over 
(usually in the range of 40%) and has markedly handicapped our ability to answer the core 
question of whether closure of the PDA influences outcome. Additionally, our ability to detect 
adverse effects of treatment is equally compromised. Further, the message from clinical 
trials is not encouraging: meta-analyses and large randomized, controlled trials of the use of 
medical therapies for the prevention and treatment of PDAs have not documented a decrease 
in the incidence of significant morbidities following treatment, despite success in closure of 
the PDA . 

Patency of the DA may represent normal physiologic adaptation during the early hours of life, 
and may be critical for maintenance of systemic circulation in the presence of severe lung 
disease. Therefore, closure under these circumstances may be hazardous (although outside 
of these limited settings, the risks may be less). Unfortunately, the use of prostaglandin 
inhibitors is not benign. These drugs have potent effects on vasculature and organ perfusion, 
an association between their use and necrotizing enterocolitis has been reported, and recent 
data suggests that the coincidental use of indomethacin and corticosteroids may cause 
intestinal perforation .

From the research presented, we believe that prophylactic treatment of the PDA with 
prostaglandin inhibitors is contraindicated, particularly in the first day of life, and that 
therapies designed to close the DA should not be considered a "standard of care" until such 
time as these therapies have been proven to decrease long term clinical morbidities in 
properly controlled trials. Clinicians who treat a PDA should have a clear and important 
objective of treatment (e.g. reduction of a significant morbidity) and understand that the 
treatment will have uncertain benefit and risk.
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Reviewing the Pathophysiology of PDA and the impact of treatment strategies on 
outcomes.

While a PDA is associated with the development of CLD, Laughon et al. stress that 
treatment does not modify the risk of this disease. In addition, although the treatment of a 
PDA with the goal of closure is a common practice, it should not be considered a "standard 
of care". Finally, the authors emphasize the need for randomized, controlled trials to 
determine the risks and benefits of treatment of a PDA that examine not only short-term 
outcomes (closure of PDA, PDA ligation), but more importantly longer-term, clinically 
relevant endpoints (CLD, neurodevelopmental outcome).

The systematic review by Knight identified all of the randomized controlled trials up to 2001 
of indomethacin for treatment of the PDA. The author divided 22 trials into three groups: 
prophylactic therapy, pre-symptomatic therapy, and symptomatic therapy. There was 
heterogeneity in the selection criteria, treatment regimens, and endpoints. The only 
consistent, significant result was the decreased incidence of PDA in the indomethacin 
groups (Risk Ratio or RR of 0.32 for prophylaxis and symptomatic treatment and 0.38 for 
pre-symptomatic treatment). There were no differences in death, retinopathy of prematurity, 
or necrotizing enterocolitis between the groups. Thus, the author concludes that, even 
though a prolonged PDA is associated with respiratory disease, closure at any particular 
time seems to have no influence on the development of CLD.
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(For non-journal subscribers, an additional fee may apply for full text 
article)

Accumulating data about both long term and large scale prophylactic indomethacin 
use.

The Cochrane review was performed to determine the risks and benefits of prophylactic 
intravenous indomethacin in preterm infants. This review included only randomized, controlled 
trials of indomethacin therapy given within 24 hours of life. The review identified 19 studies. 
Although most of these studies were of high quality, the dosing regimen varied between 
studies and the majority examined short-term clinical outcomes only.

Treatment with prophylactic indomethacin significantly reduced the incidence of symptomatic 
PDA (RR = 0.44, Risk Difference or RD = -0.24) and reduced the incidence of PDA ligation 
(RR = 0.51, RD = -0.05). The numbers needed to treat were 4 to prevent a symptomatic PDA 
and 20 to prevent a PDA ligation. In addition, treatment with prophylactic indomethacin 
reduced all grades of intraventricular hemorrhage (RR = 0.88, RD = 0.04) and grade 3 and 4 
intraventricular hemorrhage (RR = 0.66, RD = -0.05).

In the Cochrane review, the authors determined that treatment with prophylactic 
indomethacin did not reduce mortality or the incidence of the following morbidities: 
pneumothorax, duration of ventilation, duration of supplemental oxygen, or incidence of CLD 
(at 28 days or at 36 weeks post-menstrual age), severe developmental delay, cerebral palsy, 
blindness, deafness, necrotizing enterocolitis, intestinal perforation, bleeding diathesis, 
sepsis, or retinopathy of prematurity. In addition, prophylactic indomethacin was associated 
with an increase in the incidence of oliguria.

Schmidt et al performed the largest study to date investigating the risks and benefits of 
prophylactic indomethacin therapy in premature infants, the Trial of Indomethacin 
Prophylaxis in Preterms, (the TIPP study). The TIPP study was designed to determine 
whether the prophylactic administration of indomethacin improved survival without 
neurosensory impairment. This trial randomized 1202 infants with birth weights of 500 to 999 
grams to receive indomethacin or placebo within 6 hours of birth. Although its primary 
purpose was not to investigate the effect of indomethacin on the PDA, this study adds 
considerably to our understanding of the effect of treatment because of the large sample 
size, detailed reporting correlating the PDA with a large number of neonatal morbidities, and 
the evaluation of long term outcome. The primary outcome was death before a corrected age 
of 18 months or one of the following: cerebral palsy, cognitive delay, hearing loss requiring 
amplification, and bilateral blindness.

In this study, administration of prophylactic indomethacin reduced the incidence of PDA, 
subsequent medical treatment of the PDA, and subsequent PDA ligation, but it did not 
reduce the incidence of CLD or other morbidities historically or putatively associated with a 
PDA (e.g. necrotizing enterocolitis, feeding intolerance, or retinopathy or prematurity). The 
estimate for the effect (risk ratio or relative risk) of prophylactic indomethacin on the 
development of CLD was 1.2 with a 95% confidence interval of 0.9-1.5, suggesting that the 
use of prophylactic indomethacin was just as likely to have had a 10% reduction as well as a 
50% increase in the incidence of CLD.

These studies demonstrate that prophylactic indomethacin reduces short term morbidities 
such as symptomatic PDA and intraventricular hemorrhage, but does not improve long-term 
outcome, specifically poor neurodevelopment. Interestingly, even though prophylactic 
indomethacin reduces the incidence of a symptomatic PDA, it does not reduce the incidence 
of any pulmonary morbidity, suggesting that a causal link between PDA and CLD may not 
exist. In nearly all of these studies, infants in the control groups were eligible for "rescue" 
indomethacin treatment if they developed a PDA. Therefore, in each study, a portion of the 
control group was "contaminated" or "crossed-over" by receiving indomethacin treatment 
outside of the confines of the study. This design typically resulted in high rates of cross-over, 
e.g. 46%, in the TIPP Trial.
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Reporting on a variety of prophylactic ibuprofen treatment modalities.

Two recent studies investigate the effect of prophylactic ibuprofen on preterm infants. Based 
on earlier small studies, compared to indomethacin, ibuprofen was presumed to have less 
effect on renal and mesenteric blood flow and therefore may present a lower risk profile 
compared to indomethacin.

Gournay et al conducted a randomized, masked, placebo-controlled trial to determine if 
prophylactic ibuprofen versus early curative ibuprofen in infants less than 28 weeks gestation 
would decrease the need for surgical ligation. Ibuprofen or placebo was administered prior to 
6 hours of life. At three days of life, an echocardiogram was performed and infants with a 
PDA were given open-label ibuprofen. This trial enrolled 135 patients but was terminated 
early because of three cases of severe pulmonary hypertension in the prophylactic ibuprofen 
group.

Prophylactic ibuprofen decreased the incidence of PDA on the third day of life (18/65 patients 
[28%] in the ibuprofen group versus 36/66 [55%] in the placebo group, RR = 0.51, RD = -
0.52, p=0.0018) and subsequent surgical ligation (0/65 in the ibuprofen group versus 6/66 
[9%] in the placebo group, p=0.0277). There was no difference in intraventricular hemorrahge, 
periventricular leukomalacia, CLD at 36 weeks, duration of mechanical ventilation, survival at 
36 weeks, or survival without morbidity. There was a significant increase in the prophylactic 
group in the incidence of oliguria, elevated creatinine, and necrotizing enterocolitis.

Van Overmeire et al also conducted a randomized, masked, placebo-controlled trial to 
determine if prophylactic ibuprofen versus placebo in infants 24-30 weeks gestation would 
decrease the incidence of severe intraventricular hemorrhage(grade 3 or 4). Ibuprofen or 
placebo was administered prior to 6 hours of life. At three days of life, an echocardiogram 
was performed and infants with a PDA were given open-label ibuprofen or indomethacin. This 
trial enrolled 415 patients. Prophylactic ibuprofen significantly reduced the incidence of PDA 
(33/205 [16%] had an open PDA at three days of life in the ibuprofen group versus 84/210 
[40%] in the placebo group, RR = 0.4, RD = -0.24, p = 0.0001) and there was a trend toward 
significance for PDA ligation (5/205 [2%] in the ibuprofen group versus 10/210 [5%] in the 
placebo group, RR = 0.51, RD = -0.03, p = 0.21). There was no difference in the primary 



outcome of grade 3 or 4 intraventricular hemorrhage or any of the following secondary 
outcomes: mortality, death, periventricular leukomalacia, or a combined outcome of CLD or 
death at 36 weeks post-menstrual age. There was an increase in the incidence of oliguria 
and elevated creatinine in the prophylactic group.

These studies suggest that prophylactic ibuprofen reduces the incidence of PDA and PDA 
ligation, but has no influence on clinically important outcomes such as mortality or CLD. In 
addition, ibuprofen inhibits renal function more frequently than previously thought. These 
studies also had a high rate of cross-over in the placebo groups, 38% in Gournay's study and 
40% in Van Overmeire's study. Therefore, any conclusions about lack of benefit or risk 
should be interpreted with caution. However, at a minimum, one might safely conclude that 
prophylactic treatment adds no additional benefit to rescue treatment (an obligatory element 
of the study designs) and may be hazardous in some infants.
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Does avoiding prophylactic indomethacin preserve the therapeutic advantage?

This Cochrane review was performed to determine if the treatment of an asymptomatic (non-
hemodynamically significant) PDA with indomethacin decreased mortality and morbidity in 
preterm infants. The rationale for this review was that, by avoiding prophylactic indomethacin 
and narrowing the population that received indomethacin, the therapeutic advantage might be 
preserved without exposing infants to the risks of therapy who would never appreciate the 
benefits. In order to avoid trials where indomethacin was given prophylactically, this review 
only included randomized, controlled trials of indomethacin therapy given after 24 hours of life.

The review identified three randomized, placebo-controlled trials with a total of 97 infants. As 
one might expect, there was a significant reduction in the incidence of symptomatic PDA 
(RR = 0.36, RD = -0.35). Interestingly, there was no significant difference between the groups 
in the number of PDA ligations. Additionally, there was no significant difference between 
treatment or control groups for the following endpoints: mortality, CLD defined as oxygen 
requirement at 28 days, retinopathy of prematurity (all grades), intraventricular hemorrhage 
(all grades), necrotizing enterocolitis, length of ventilation, or length of hospital stay. There 
was a small but statistically significant reduction in the duration of supplemental oxygen 
therapy (mean difference = -14.7 days, -28.4 to -0.98). The studies did not report 
neurodevelopmental outcome. As with the prophylactic trials, in all of these studies, a high 
proportion of infants in the control group received indomethacin. An additional caution is the 
lack of contemporary literature using this study design, in that the most recent study in this 
review was performed on relatively large infants over 15 years ago, an era prior to the use of 
antenatal steroids and surfactant therapy.
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