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ABSTRACT

Patent ductus arteriosus is the most common cardiovascular condition in preterm infants. There 
is a significant uncertainty about when and how to close ductus arteriosus in preterm infants 
due to a high spontaneous closure rate even in very immature preterm infants. Diagnosis and 
management of patent ductus arteriosus remain a challenge for both neonatologists and pedi-
atric cardiologists. Researchers have tried to define a balance between an expectant approach 
and active treatment in selected infants. This review aimed to focus on the pathophysiology 
and management of patent ductus arteriosus and to make suggestions about approaches that 
might eliminate the association of morbidities with patent ductus arteriosus. 

Keywords: patent ductus arteriosus, preterm, conservative, medical, surgical, treatment

INTRODUCTION

Although patent ductus arteriosus is the most common cardiovascular condition in pre-
term infants, it still remains an elusive condition that challenges neonatologists and pedi-
atric cardiologists. Due to a high spontaneous closure rate even in very immature preterm 
infants, there is significant uncertainty about when and how ductus arteriosus closure in 
preterm infants should be attempted. Therefore, the management of patent ductus arterio-
sus in extremely preterm infants remains a topic of debate. Researchers have tried to define 
a balance between an expectant approach and active treatment in selected infants with 
hemodynamically significant patent ductus arteriosus.1-3 Meta-analyses of trials using non-
steroidal anti-inflammatory drugs have shown effectiveness in accelerating ductal closure, 
but no reduction in late neonatal morbidities regardless of the drugs used, indication, timing, 
gestational age, or route of administration.2-4

This updated review focuses on the pathophysiology and management of patent ductus 
arteriosus and makes suggestions about approaches that might eliminate the association of 
morbidities with patent ductus arteriosus in the future.

MOLECULAR AND MECHANICAL MECHANISMS OF DUCTAL CLOSURE

Ductus arteriosus develops from the sixth embryonic arch along with other large vessels but 
the anatomical structure of the ductus is quite different from the aorta or pulmonary arteries 
(Figure 1). There is an internal lamina surrounded by a muscular layer. This muscular layer 
is supplied by vasa vasorum, which are quite scarce in preterm infants and smooth muscle 
cells (SMC) receive oxygen by diffusion from the lumen. There are many factors that keep 
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the ductus open in fetal life, including low oxygen tension, high 
levels of prostaglandins, nitric oxide, and carbon monoxide, as 
well as high levels of adenosine, intracellular cyclic adenosine 
monophosphate and cyclic guanosine monophosphate, and an 
atrial natriuretic peptide which exert their effects through acti-
vation of potassium channels on the SMC membrane.5,6

Ductal closure occurs in 2 steps after the birth. Functional clo-
sure occurs by the decrease of prostaglandins which keep it 
open before birth. Cessation of placental blood flow, which is 
the production site of prostaglandins and increased lung circu-
lation, where the prostaglandins are metabolized, contributes 
to the decrease of prostaglandins. Oxygen pressure within the 
ductal lumen rises sharply after birth, leading to vasoconstric-
tion through the production of reactive oxygen species and 
oxidative phosphorylation and resultant inhibition of potas-
sium channels and depolarization of the SMC membrane, 
leading to an influx of calcium into the cells and contraction 
of myosin elements in the cell. Mechanisms involving the cyto-
chrome P450 enzyme systems, isoprostanes, retinoic acid, and 
Rho-kinase pathway also contribute to the oxygen-dependent 
constriction process (Figure 2).6-8 The second step involves the 
anatomical closure which is mediated through intimal cushion 
formation; which takes place after the disassembly of the inter-
nal elastic lamina, loss of elastic fibers, migration and prolifer-
ation of SMCs, extracellular matrix production, and endothelial 
cell proliferation. In the term infant, increased intramural pres-
sure leads to vasoconstriction of vasa vasorum and relative 
hypoxia of the muscular layer with resultant apoptosis. Since 
the vasa vasorum are not developed in the preterm infant, a 
greater degree of constriction is needed to achieve a similar 

degree of hypoxia, which explains why the preterm ductus is 
more prone to reopening due to postnatal factors.7,9 Retinoic 
acid, transforming growth factor-beta, interleukin-15, extra-
cellular matrix production, and notch signaling also contribute 
to anatomical closure.5 On the other hand, during the process 
of vasoconstriction, detachment of endothelial cells produces 
an injury site, where a platelet plug begins to form.10 Genetic 
factors may be effective at various levels of these mechanisms. 
Mechanical factors including the pressure generated by the 
increased blood flow, fluid overload, and inflammatory factors 
mediated by cortisol levels may also affect the patency of the 
ductus.5

The Role of Platelets in Ductus Arteriosus Closure
Platelets are critically involved in murine ductus arteriosus clo-
sure.10 Platelets are directly recruited to the ductal endothelium 
and promote vessel sealing by platelet plug formation and the 
release of vasoactive substances. While thrombocytopenia is a 
frequent finding in preterm infants, the clinical implications of 
low platelet counts in human preterm infants are still contro-
versially discussed.11,12 Several investigations have analyzed the 
role of low platelet counts in failed ductal closure (spontaneous 
and/or pharmacological).12-17 The available data exhibit a high 
degree of heterogeneity in variables such as patient selection, 
the definition of hemodynamically significant patent ductus 
arteriosus (hsPDA), the timing of platelet counts and echocar-
diographic screening, and the treatment approach and have 
yielded conflicting results. Nonetheless, recent meta-analyses 
concluded that thrombocytopenia represents a moderate 
independent risk factor for both delayed spontaneous ductal 
closure and failed pharmacologic ductus arteriosus closure.18-20 

Figure 1. Ductus arteriosus is the connecting vessel between the pulmonary trunk and the descending aorta.
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Furthermore, several studies suggest that impaired platelet 
function rather than platelet number is critically involved in the 
failure of ductus arteriosus closure in preterm infants.12,21-24 In 
addition, a randomized-controlled trial on platelet transfu-
sions failed to show any benefit for liberal versus restrictive 
transfusion thresholds on patent ductus arteriosus (PDA) clo-
sure rates in preterm infants, and liberal transfusion thresh-
olds were associated with an increased rate of intraventricular 
hemorrhage (IVH).25 Thus, platelet transfusions in thrombo-
cytopenic preterm infants to facilitate PDA closure cannot be 
recommended. 

In conclusion, thrombocytopenia and platelet dysfunction 
likely contribute to failed PDA closure in preterm infants. 
However, these effects are of only moderate clinical sig-
nificance. Furthermore, platelet transfusions in thrombo-
cytopenic preterm infants to facilitate PDA closure should 
be avoided as they were associated with an increased risk 
of IVH. Further research on the complex interplay between 
platelet count and function, other circulating blood cells and 
the ductal endothelium is warranted in order to understand 
the developmentally regulated process of ductal closure in 
preterm infants.12,21,26

CLINICAL IMPACTS OF hsPDA

If the DA remains open, the postnatal adaptive decline in pul-
monary artery pressure and the increases in left ventricular 
pressure and systemic vascular resistance result in a left to right 
shunting of the blood which leads to pulmonary over circulation 

and a compromise in systemic blood flow. Besides  systemic and 
pulmonary vascular resistance, the size and shape of the PDA, 
gestational and postnatal age, underlying medical risk factors, 
viscosity of the blood, chemical mediators and drugs used are 
decisive factors for the clinical deterioration that either acutely 
or chronically contributes to organ damage (Figure 3).27-29

Stealing blood flow from systemic to pulmonary circulation 
especially during the diastolic phase of circulation leads to 
decreased flow to organs resulting in organ compromise with 
the failure of autoregulation affecting the brain, myocardial, 
renal, and gut perfusion.27,28 Although a hsPDA may have an 
impact on common neonatal morbidities, such as broncho-
pulmonary dysplasia (BPD), acute renal failure, necrotizing 
enterocolitis (NEC), pulmonary and IVH, neurodevelopmen-
tal impairment, and eventually mortality, clear evidence for 
a causal relationship between hsPDA and these conditions is 
scarce. 

The instability between systemic and pulmonary circulation 
results in hypoxia, hypoventilation, and prolonged respiratory 
support. Lung injury with impaired alveolarization, infections 
and pulmonary overcirculation predisposes to chronic lung 
parenchymal changes. Prolonged intubation and prolonged 
exposure to moderate-to-large PDA shunt may cause an arrest 
in alveolar development and are thus considered to be caus-
ative factors in the development of BPD.30

Starting from the period of pressure passive circulation with the 
lack of autoregulation the pressure changes through a hsPDA 

Figure 2. Vasoconstrictive and vasodilatory effects in the ductal smooth muscle cell (drawn by Fahri Ovalı6).
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causes hypo-hyperperfusion and a plausible relationship is 
addressed for the development of IVH and white matter injury, 
resulting in neurodevelopmental compromise.27,28 However, 
there is no strong evidence through randomized-controlled 
trials (RCTs) showing improvement by either prophylaxis 
or treatment.30,31 Patent ductus arteriosus may cause renal 
hypoperfusion and renal failure presenting with oliguria and 
increased blood creatinine and hyponatremia. Brain natriuretic 
peptide (BNP) increases as a result of left ventricular volume 
overload and exhibits autoregulation through vasodilator and 
diuretic effects. Failure of compensation and ongoing expo-
sure leads to renal failure and damage. Being an vasodilatory 
risk factor for NEC, treatment of hsPDA has not been shown to 
decrease the incidence.28 We suggest that understanding the 
pathophysiologic association rather than causality between 
the PDA and clinical complications may further be possible 
through dynamic echocardiography, biochemical and clinical 
investigations of organ systems. 

ECHOCARDIOGRAPHIC DIAGNOSIS AND CLINICAL 
SIGNIFICANCE OF PDA IN PRETERM INFANTS

Patent ductus arteriosus of similar size can have varied pheno-
typic presentations in terms of clinical significance and hence, 
an echocardiographically large PDA does not equate to a clini-
cally significant PDA. The clinical significance of PDA depends 

upon the volume of shunt across the DA which primarily 
depends upon the systemic and pulmonary vascular resistance, 
ability of the myocardium to adapt to increased shunt volume, 
and size of the DA.32 Hence, evaluation of PDA should include 
a comprehensive assessment of PDA characteristics and their 
hemodynamic impact in the clinical context.

Clinical features of a hsPDA include increased respiratory 
support and oxygen demand, number and severity of apnea 
and desaturations, feeding intolerance, radiologic evidence 
of cardiomegaly and pulmonary edema, presence of oligu-
ria, mean or diastolic hypotension with or without metabolic 
acidosis requiring cardiotropic or vasopressor drugs.32-34  
However, most clinical signs have limited sensitivity in the 
first days of life and hence, there is a few days lag in clinical 
diagnosis of PDA as compared to echocardiography, which 
remains the gold standard investigation to evaluate PDA at 
the bedside.32,34

Echocardiographic Evaluation in Assessment of 
Hemodynamic Impact of Shunt Volume
Echocardiography is used to make a confirmative diagnosis of 
PDA, assessing its hemodynamic significance, and excluding/
diagnosing any associated congenital heart defect. It can help 
in estimating the magnitude of shunt volume and assessing 
its hemodynamic significance in assessing the hemodynamic 
impact from pulmonary overcirculation and systemic hypo-
perfusion due to shunt volume. A comprehensive echocardio-
graphic evaluation should include assessment of (a) ductal 
characteristics, (b) parameters of pulmonary overcirculation, 
and (c) signs of systemic hypoperfusion (Figures 4 and 5).32

Various echocardiographic parameters have been described 
in the research setting as well as complex staging/scoring sys-
tems.35 The essential echocardiographic parameters which cli-
nicians can use in making a clinical decision on the bedside 
have been summarized in Table 1.32

The Roles of Cardiologist and Neonatologist in Diagnosis
Diagnosis and management of PDA remain a challenge for 
both neonatologists and pediatric cardiologists, and there is 
a growing interest worldwide in using the point of care ultra-
sound (POCUS) to evaluate cardiovascular function performed 
by a neonatologist in the neonatal intensive care unit (NICU). 
The use of cardiac ultrasound at the bedside to assess myo-
cardial function, systemic and pulmonary blood flow, and 
intracardiac and extracardiac shunts is known as functional 
echocardiography.36 The use of functional echocardiography 
in NICUs has been recommended in 3 expert consensus state-
ments issued recently, with varied terms such as neonatolo-
gist performed echocardiography (NPE), targeted neonatal 
echocardiography, and POCUS.37-39 The practical application 
of NPE, its availability, the experience of the clinician at per-
forming this evaluation, and access to pediatric cardiologists’ 
support remain diverse. Both neonatologists and pediatric car-
diologists have concerns about the level of expertise of users, 
and the availability of training programs which may result in 
harm to infants caused by misdiagnosis and inappropriate 
management.40

The purpose of functional echocardiography is not intended 
to replace the detailed structural assessments provided by 

Figure 3. The impacts of significant left to right shunt across ductus 
arteriosus.
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a pediatric cardiologist. NPE is used to diagnose a PDA and 
confirm normal structural cardiac anatomy. It is also used 
to identify patients who may benefit from treatment by esti-
mating the hemodynamic consequences of the PDA to pre-
dict the spontaneous closure and morbidity risks.41 According 
to consensus recommendations, the first echocardiography 
performed in an infant should include a full cardiac anatomy 
assessment to rule out severe structural defects. This requires 
specific training, expertise, and a thorough evaluation of 
pediatric cardiology. Centers may employ different collabo-
rations depending on the expertise level of the neonatologist 
performing the scan and the availability of a pediatric car-
diologist. If congenital heart disease is suspected, relevant 
referrals should be made.42

CLINICAL SCORING SYSTEMS FOR PDA

A number of PDA scoring systems have emerged with 3 fun-
damental goals. Among those, early prediction of hsPDA 
before echocardiography remains the main goal. The second 

one is to document ductus closure, and the last is to decrease 
the number of echocardiographic assessments. In 1981, 
Cotton et al43 reported a scoring system of 80% accuracy to 
predict the requirement for treatment that used birth weight, 
hyaline membrane disease, intrauterine growth retarda-
tion, acute perinatal stress, and distending airway pressure. 
Simultaneously, Yeh et al44 identified a cardiovascular dys-
function (CVD) scoring which consisted of heart rate, quality of 
peripheral arterial pulsation, degree of precordial pulsation, 
duration of murmur, and cardiothoracic ratio on chest x-ray. 
A significant correlation between CVD score and echocardio-
graphic findings, particularly LA/Ao ratio, was noted. That 
scoring was stated to be used as a clinical guide for treatment 
when echocardiography was unavailable. Recently, the New 
Short Clinical PDA Score was hypothesized to be beneficial 
for the detection and follow-up of hsPDA by Kindler et al.45 
That scoring system was comprised of precordial pulsations, 
bounding femoral pulses, apnea/mechanical ventilation, and 
metabolic acidosis. A sensitivity of 84% and a specificity of 80% 
were stated for the prediction of hsPDA on day 4 of life. The 

Figure 5. Signs of systemic hypoperfusion—retrograde flow in ductus arteriosus and coeliac artery/superior mesenteric artery.

Figure 4. Large PDA, volume overloading of heart, pulsatile flow pattern, and increased LA/Ao ratio.
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authors underscored the reduction of stress that the preterm 
babies are exposed to with fewer echocardiography. The 
SIMPLE scoring system (14 parameters and 0-3 points range) 
is the latest one that was designed for the prediction of hsPDA 
which possessed a sensitivity of 92% and a specificity of 85% in 
the sixth hour of life (cut-off >8.5), and sensitivity 100% and a 
specificity of 94% at the 72nd hour of life (cut-off >6).46 SIMPLE 
scoring may be used as a screening tool to determine the 
necessity for echocardiography in extremely preterm infants 
to minimize the number of pediatric cardiology consultations. 
However, large-scale studies are warranted to validate these 
results. 

Echocardiographic Scoring Systems for PDA
Echocardiography remains the gold standard method for the 
diagnosis of PDA. Nevertheless, the echocardiographic find-
ings have not been standardized for the decision on treatment. 
From this point of view, 2 PDA severity scoring systems have 
been created using echocardiographic parameters for the 
estimation of significant morbidity and mortality in patients 
with PDA. The first one by El-Khuffash et al47 assessed the 
parameters of the ductal diameter, gestational age (GA), left 
ventricular output, Vmax across PDA (m/s), and left ventricu-
lar late-diastolic velocity. The Shaare Zedek score proposed 
another scoring system utilizing the diameter of ductus arte-
riosus, LA/Ao ratio, retrograde diastolic flow in the abdominal 
aorta, and pattern of ductus arteriosus shunt flow. Each of 
these parameters was scored 0-2 giving a composite score 
ranging between 0 and 8. PDA was categorized as hemody-
namically significant (≥6 points), borderline significant (3-5 
points), and non-hemodynamically significant (0-2 points). 
These 2 scoring systems seem to have similar and decent pre-
dictability for the diagnosis of hsPDA, chronic lung disease, 
or death.48

METHODS OTHER THAN ECHOCARDIOGRAPHY

Various methods to improve the assessment of physiological 
variables resulting from hsPDA have been examined in clinical 
studies beyond echocardiography. 

Platelet Count and Platelet Indices
It has been demonstrated that there is a significant relation-
ship between PDA and thrombocytopenia on the first day of 
life in a meta-analysis conducted by Simon et al.49 The recently 
updated meta-analysis provides stronger evidence of the 
association between low platelet counts and PDA/hsPDA.18 
However, it is unclear if the low platelet count is secondary to 
preterm infants’ immaturity and clinical stability rather than a 
contributing factor in the pathogenesis of PDA. Some studies 
have shown that other platelet indices such as platelet distri-
bution width, mean platelet volume, platelet crit (PCT), platelet 
mass are probably related to hsPDA, and platelet dysfunction 
has been found to affect the spontaneous closure of PDA.23,50,51 
In a recent systematic review and meta-analysis, it has been 
concluded that platelet count, PCT, and platelet mass of the 
first 3 days of life are potentially helpful in identifying infants at 
risk for hsPDA.20

Cardiac Peptides
ProBNP is secreted from myocytes in the cardiac ventricles as 
a result of pressure and volume loading, and then cleaved into 
the biologically active BNP and the inert N-terminal proBNP 
(NT-proBNP).52 These cardiac biomarkers have been studied 
extensively for early detection and monitoring of hsPDA alone 
or in combination with echocardiography. The urinary excre-
tion of NT-proBNP levels was found to be higher in infants 
with moderate-to-severe PDA, and these levels were shown 
to decrease significantly when PDA was closed after medi-
cal treatment.53 In another study, it was shown that urinary 
NT-proBNP and NT-proBNP/creatinine ratio was higher in 
infants treated for hsPDA which indicated that these markers 
were helpful to show the effects of hsPDA on clinical and car-
diac status of the infant.54

Cardiac troponin T (cTnT) levels were found to be correlated 
with echocardiographic markers of PDA.55 El-Khuffash et al56  
reported that serum cTnT and NT-proBNP levels were found to 
be higher in babies born before the 32 gestational weeks who 
died before discharge or who were severely disabled babies at 
the age of 2 years.

Table 1. Summary of Essential Parameters Used for Echocardiographic Assessment and Hemodynamic Evaluation
PDA evaluation criteria Essential echocardiographic parameters for assessment of PDA and hemodynamic evaluation
Ductal characteristics PDA size (small <1.5 mm, moderate 1.5 to 1-2 mm, large >2 mm) and

Flow direction (left to right, right to left, or bi-directional), and 
Doppler assessment with maximum velocity (Vmax) in systole and end-diastole 

Assessment of pulmonary 
over circulation

Dilated left side of the heart on visual inspection “eyeballing” and
LA/Ao ratio (mild <1.4, moderate 1.41-1.6, severe >1.6) OR
LVEDD (correlate with z-scores) OR
LPA diastolic velocity—mean velocity >0.42 m/s, end-diastolic velocity >0.2 m/s OR
Reversal of mitral E/A ratio*Document presence or absence and magnitude of intra-atrial shunt

Assessment of systemic 
hypoperfusion

Retrograde or absent blood flow during diastole in:
- descending aorta OR
- coeliac trunk or superior mesenteric artery OR
- anterior or middle cerebral artery

A comprehensive echocardiographic assessment should be performed to rule out any underlying congenital heart defect or pulmonary hypertension and delineate 
the orientation of arch (left- or right-sidedness) before any intervention to close the PDA.
E/A ratio, the ratio of the velocity of the early (E) diastolic phase of ventricular filling vs. the late atrial (A) contraction component; LA/Ao, left atrium/aorta; LPA, left 
pulmonary artery; LVEDD, left ventricular end-diastolic diameter; PDA, patent ductus arteriosus; OR, operating room.
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Although these studies support the potential use of biomarkers 
in assessing ductal significance, there is not enough evidence 
to recommend their use for routine clinical management of a 
PDA.57

Near-Infrared Spectroscopy and Perfusion Index
Near-infrared spectroscopy is a non-invasive method that con-
tinuously measures regional tissue oxygenation. Near-infrared 
spectroscopy monitoring can help early detection of hsPDA by 
identifying impaired renal, cerebral and mesenteric circula-
tion, and continuous monitoring of changing oxygen dynam-
ics in the presence of hsPDA. Near-infrared spectroscopy data 
may be useful when combined with current clinical and echo-
cardiography findings and biomarkers.58,59

Perfusion index (PI) is a simple, continuous parameter provided 
by pulse oximetry to access peripheral perfusion. A recent study 
showed that daily assessed PI histograms can predict PDA that 
requires treatment. PI may be a useful adjunct to help identify 
preterm infants who are prone to circulatory complications of 
hsPDA.59,60

The data provided by biomarkers and continuous monitoring 
techniques are encouraging to detect the hemodynamic dis-
turbance due to PDA/hsPDA. Most of these indicators do not 
have defined reference values in preterm infants, and hence 
it is necessary to determine if these parameters and subse-
quent actions lead to improvements in short- or long-term 
outcomes. 

MANAGEMENT OF PDA

Conservative Management: What have we Learned from 
RCTs?
Currently, it is not clear which is preferable, to close the PDA 
(either pharmacologically or surgically) in the newborn period, 
or to deal with the PDA-induced pulmonary edema and hypo-
tension more “conservatively” (with inotropes, diuretics, fluid 
restriction, and increased end-expiratory pressure) while 
awaiting spontaneous PDA closure.61-67 Randomized-controlled 
trials, which compared “prophylactic” PDA treatment (start-
ing within 12 hours of birth) with delayed treatment later in the 
first postnatal week, reported a decrease in several short-term 
morbidities (severe early pulmonary hemorrhage, dopamine-
dependent hypotension, need for higher levels of ventilator 
support, and need for surgical PDA ligation) but no differ-
ence in the incidence of long-term morbidities like BPD, NEC, 
or neurodevelopmental impairment.68-74 In addition, 40-50% of 
the prophylactically treated infants were treated unnecessarily 
since their PDA would have closed spontaneously by 7 days.75

Several recent RCTs have attempted to determine whether 
exposures to moderate-large PDA shunt that persist for 
more than a week affect morbidity.3,76-78 These trials enrolled 
infants <28-29 weeks’ gestation with moderate-large PDA 
shunts which were likely to persist for several weeks. Two tri-
als compared early routine treatment starting at 8 days with 
a conservative, expectant management approach.3,76 Both 
trials suffered from having a low rate of PDA closure in the 
early intervention group resulting in prolonged PDA exposure 
(>14 days) in both groups. Neither trial observed a difference 

in the incidence of BPD, NEC, or mortality. Similar problems 
(either unexpectedly low rates of drug-induced PDA closure or 
high rates of spontaneous closure) existed in 2 additional pilot 
RCTs, that enrolled infants within 72 hours of birth.77,78 Future 
RCTs will clearly need more effective PDA closure strategies.

Another challenge for future RCTs is determining who should 
be enrolled, i.e., who really is at risk for increased morbidity 
from a PDA. Recent studies have shown that an association 
between PDA and BPD only exists in infants with moderate-
to-large shunts persisting beyond 7-14 days who also require 
mechanical ventilation/tracheal intubation for ≥10 days.79-

85 This suggests that routine early PDA closure may be unnec-
essary for infants requiring intubation for <10 days. None of 
the RCTs reported to date have focused primarily on infants 
intubated for ≥10 days. All RCTs have been diluted with infants 
for whom persistence of the PDA had little or no consequence. 
Early screening tools need to be developed to determine 
which infants should be enrolled in trials and which should be 
excluded.47

What we do know is that neither a delay of 2 to 5 days before 
starting PDA treatment during the first week nor routine treat-
ment that starts only after infants have been exposed to a 
moderate-to-large shunt for more than 2 weeks appear to 
affect the incidence of BPD. Whether exposure to a moderate-
to-large PDA shunt for more than the first 7-14 days actually 
contributes to the development of BPD is a question that awaits 
testing in appropriately designed RCTs. Future trials should be 
designed to determine which infants are most likely to ben-
efit from PDA treatment and which infants might best be left 
untreated.

Medication Options: Which Drug?
Indomethacin, ibuprofen, and acetaminophen are the most 
common and effective pharmacologic agents used as a pro-
phylactic or symptomatic treatment of PDA. The pharmaco-
logic action of these drugs is to inhibit the cyclooxygenase and 
peroxidase, with a consequent inhibition of prostaglandin syn-
thesis (Figure 6). The prostaglandin reduction results in mus-
cular constriction of the ductus with profound hypoxia in the 
ductal vasa vasorum. Together with platelet recruitment, these 
phenomena result in obstruction, fibrosis, and anatomic clo-
sure of PDA. Prophylactic treatment usually begins within 24 
hours after birth, before the PDA becomes clinically or hemo-
dynamically significant. Symptomatic treatment can be further 
divided in early, when treatment starts as soon as PDA diag-
nosis is made, even if it is not yet hemodynamically significant, 
or late when only hemodynamically significant PDA is treated. 
No major differences in the efficacy between the 3 agents have 
been described in comparative effectiveness trials as far as clo-
sure of the PDA is concerned. However, wide variations in dos-
age and in the ability of different medical treatments to directly 
affect cerebral and renal perfusion have been reported.86

The RCTs that compare ibuprofen vs. indomethacin, observed a 
similar efficacy on the rate of PDA closure and reopening.87 The 
RCT of Patel et al88 reported a significant increase in the risk of 
surgical ligation in newborns treated with ibuprofen in com-
parison with indomethacin. However, 5 of 13 RCTs comparing 
non-steroidal anti-inflammatory drugs (NSAIDs), suggested an 
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improvement of urinary output in newborns treated with ibu-
profen87 and Yadav et al89 also reported a reduced mortality 
rate in newborns treated with ibuprofen. RCTs comparing ibu-
profen vs. acetaminophen, found a similar efficacy in PDA clo-
sure, reopening, and need of surgical ligation.90,91 Dani et al92  
reported a reduced rate of PDA closure in newborns treated 
with acetaminophen vs. ibuprofen (52% vs. 78%), but, if we con-
sider PDA constriction, the rate was similar between newborns 
treated with acetaminophen or ibuprofen. Ghanem et al93  
demonstrated a significant difference in the rate of the PDA 
closure in newborns treated with ibuprofen (94%) versus pla-
cebo (30%), however, Sangstawesin et al94 found a similar rate 
of PDA closure or surgical ligation need.

A number of trials comparing indomethacin (0.1-0.3 mg/
kg every 12-24 hours for a total of 3 doses) versus placebo 
were performed in the last 2 decades of the past cen-
tury.95 Some out of these trials, reported an increased rate 
of PDA closure in newborns treated with indomethacin; 
however, other RCT showed a similar closure rate,95 while 

Gersony et al96 demonstrated an increased rate of PDA clo-
sure in the placebo group compared with the intervention 
group. Van Overmeire et al97 compared the efficacy of early 
versus late treatment with indomethacin, and found a sig-
nificantly increased rate of PDA closure in newborns who 
received early treatment. Similar efficacy was observed by 
Dash et al98 comparing acetaminophen vs. indomethacin. 
Finally, a placebo-controlled randomized trial, demonstrated 
a significant increase in the efficacy of the acetaminophen 
compared to placebo.73 Analysis of literature suggested that 
the effectiveness of medical treatment depends not only 
on the drug but also on the timing, doses, route of admin-
istration and duration of therapy, and most importantly 
on the maturity of the infant being treated.99,100 Conflicting 
data come from studies comparing high doses (15-20 mg/
kg followed by 7.5-10 mg/kg every 12-24 hours for a total of 
3 doses) with standard doses (10 mg/kg followed by 5 mg/kg 
every 12-24 hours for a total of 3 doses) of ibuprofen. Three 
out of 4 studies, comparing the efficacy of intravenous ibu-
profen versus oral administration, suggested an increase in 

Figure 6. Pharmacologic mechanism of drug used for the medical treatment of PDA.
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the effectiveness of the oral route.95 This applies to the first 
course of treatment, while the rate of closure is similar to 
the end of the second course of therapy. On the other hand, 
combined treatment (paracetamol + ibuprofen) has been 
shown to be effective for monotherapy-resistant hsPDA by 
Yurttutan et al.101

If we consider only the results of studies conducted in the 
last decade, we can observe that ibuprofen has greater effi-
cacy than paracetamol (15 mg/kg/dose 4 times a day for 
3-7 days) and a lower risk of side effects than indomethacin 
and that treatment with ibuprofen seems to be more effective 
when carried out early and orally.95 However, in the vast major-
ity of the clinical trial, no significant difference in mortality and 
morbidity rate was observed between the main three pharma-
cologic options.91

Transcatheter Closure of PDA From Bench to Clinical 
Practice
Recently there has been an increased interest in transcutane-
ous closure of PDA, and whether this approach can be used as 
an alternative to surgical ligation or even to medical treatment 
in preterm infants. The procedure has been well-described in 
preterm infants, including extremely preterm infants as small 
as 640 g.102,103

Several cohort studies have reported promising results from 
transcatheter closure of PDA in preterm infants, including 
extremely preterm infants, and they have published their 
experience using various devices for PDA closure in prema-
ture infants.102-106 Comparison with surgical ligation revealed 
a positive impact on the post-procedure pulmonary out-
come.102,107 Recently Amplatzer Piccolo Occluder® device has 
been approved by FDA and CE for transcatheter closure of PDA 
in premature infants over 700 g and over 3 days old.107 Prior 
to the procedure, a comprehensive transthoracic echocar-
diography should be performed for the ductal parameters 
described above and its hemodynamic significance (left heart 
dilation, functional mitral/aortic regurgitation, and ductal 
morphology). In most centers, transcatheter closure is usu-
ally performed in the catheterization laboratory, although in 
some centers with portable fluoroscopy equipment the pro-
cedure can be performed at the bedside, especially in very 
unstable patients unsafe to move or when there is no access 
to the cardiac catheterization lab.102 Transcatheter closure at 
the bedside under echocardiography guidance only has also 
been reported.105 However, bedside procedure under echo-
cardiography guidance only has to be performed via the 
trans-arterial route (femoral route) without fluoroscopy which 
carries an increased risk of potentially severe life-threaten-
ing complications such as limb ischemia. More worryingly, it 
has limited management options for device embolization if it 
occurs.108,109

Transcatheter closure is becoming the standard of care when 
definitive intervention is required to close the PDA. Studies 
have shown that it is not only possible to close PDA via this 
route but also has less complications and better outcomes as 
compared to surgical ligation.102 Currently, it is still reserved for 
infants who had a failure of pharmacological therapy or where 
it was contraindicated. 

Surgical Ligation: Bedside or Operating Theater?
The risks with performing bedside operations on critically ill 
newborn term and preterm infants have been weighed against 
the risks of transportation within or between hospitals (extu-
bation, hypothermia, hemodynamic instability, loss of vascular 
access, etc.), but also against the differences in the manage-
ment of perioperative ventilation and surveillance between 
units performing the operative procedures and the NICU.110-

114 Common invasive bedside procedures such as insertion of 
central lines, umbilical catheters, and chest tubes necessitate 
rigorous antiseptic measures, wherefore surgical interventions 
such as peritoneal drainage/dialysis, silastic silo placement in 
gastroschisis, and other gastro-surgical procedures have been 
performed in the NICU environment with reasonable high qual-
ity and benefit to the critically ill infant.114-117 Some of the surgi-
cal interventions in the NICU have also been motivated by the 
urgency of these procedures. 

Since the first reports from the early 1980s on bedside PDA 
surgery in the NICU, the strategy of performing PDA ligation 
close to the infant has been established as one of the most 
common surgical interventions in NICUs in many parts of the 
world and has been regarded to be both safe and cost-effec-
tive.117-119 Nevertheless, the assessment of bedside PDA surgery 
has been driven more by necessity and presumed benefits to 
the patients than by evaluation in RCTs, where many reports 
are retrospective and therefore liable to bias. Many albeit small 
observational retrospective studies on bedside PDA surgery in 
ventilator-dependent preterm infants (range: 23-32 GA weeks; 
mean postnatal age 16-32 days on the day of surgery) have 
reported that there are no additional surgically associated 
complications.120-123 The surgical approach applied is usually 
the posterolateral thoracotomy, but in a small retrospective 
study mini-sternotomy appeared to be associated with shorter 
postoperative mechanical ventilation and length of stay.123 In 
a recent large multicenter retrospective study comparing PDA 
ligations in the operating room (OR) and the NICU, no differ-
ences in mortality or sepsis could be detected after correct-
ing for differences in GA, besides an increased postoperative 
hemodynamic instability in the OR group.124 Similar findings 
with no differences in mortality or complications after PDA 
ligation performed either in the OR or the NICU were presented 
in a 2-center retrospective cohort study from 2021, with a sig-
nificantly earlier closure in the NICU group by 24 days.125

The difficulty to define early hsPDA and the trend toward a 
less aggressive approach to treat PDA surgically during the 
last decade, have shown that postponing surgical treatment of 
late hsPDA in cases of failed medical treatment is both feasible 
and even safer in terms of reduced severe neurodevelopmen-
tal impairment. 126-128 Therefore, if there is a need of closing an 
hsPDA at a later stage, other less traumatic treatment options 
might might be preferred such as catheter-based PDA closure 
under fluoroscopic or echocardiographic guidance.129,130

LONG-TERM CONSEQUENCES

In the preterm lung, there is a delicate balance between 
increased fluid infiltration induced by PDA and lung lymphatic 
fluid reabsorption. Any increase in pulmonary microvascu-
lar pressure can cause a sudden increase in interstitial and 
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alveolar lung fluid because the premature newborn has low 
oncotic pressure and high capillary permeability.72 This inad-
equate structural development and function of the pulmonary 
vessels is an important feature of BPD.131 The existence of a 
relationship between systemic pulmonary blood flow after 
birth results in increased blood flow through an immature 
pulmonary vascular bed that can lead to vascular remodeling 
with intimal fibrosis and medial hypertrophy. This may result in 
increased pulmonary vascular resistance and abnormal vaso-
reactivity. Similar features are often seen in infants with severe 
BPD with prolonged oxygen exposure and hsPDA.132,133 A meta-
analysis of cohort studies published in 2018 confirmed previous 
results of the association between BPD and cognitive outcomes 
in very preterm infants.134 In addition, adjustments for poten-
tial mediators, postnatal steroids, and BPD in recent studies 
did not alter the association between PDA treatment and the 
risk of adverse neurodevelopmental outcomes. Future studies 
should clarify the role of PDA and how BPD develops and fur-
ther examine its role in neurodevelopmental outcomes.134

It is difficult to distinguish the role of PDA in neurodevelop-
mental outcomes versus the effect of PDA treatments. A study 
of indomethacin prophylaxis in preterm infants revealed that 
IVH rates were reduced after prophylactic indomethacin, but 
with no long-term benefit.70 Data for prophylactic ibuprofen 
or paracetamol are less convincing.135,136 Prophylactic surgical 
ligation provides no benefit for IVH and surgical ligation itself 
may be an independent risk factor for impaired neurodevelop-
mental outcome.137-139

Rheinlaender et al evaluated the long-term outcome param-
eters in preterm infants with PDA and reported that the use 
of IV ibuprofen or indomethacin for closure of PDA did not 
influence 2-year neurodevelopmental outcomes in preterm 
infants.140 Similarly, another study in preterm infants who 
received either oral ibuprofen (n = 30) or intravenous ibu-
profen (n = 27) for PDA demonstrated that the long-term 
outcomes of the treatment regimens did not significantly dif-
fer at the age of 2 years.141 Infants treated with paracetamol 
were found to have similar neurodevelopmental outcomes at 
adjusted ages of 18-24 months compared with infants receiv-
ing ibuprofen.142 This cohort was planned to be evaluated in 
terms of autism as a continuation of the study because there is 
speculation that paracetamol may be associated with autism 
and autism spectrum disorder. A 5-year follow-up study of a 
placebo-controlled paracetamol trial on very preterm infants 
was conducted in Finland.143 The questionnaire included chil-
dren’s cardiac and respiratory symptoms, allergies, neurode-
velopment, infections, medications, and hospitalizations. It was 
detected that paracetamol use in premature infants did not 
increase long-term respiratory morbidities. Since there were 
19 cases in the paracetamol group in this study, large-scale 
studies with more cases are needed to evaluate them in terms 
of adverse outcomes, such as autism spectrum disorders and 
attention-deficit/hyperactive disorder.

In 2020, Gudmundsdottir et al128 investigated PDA treat-
ment with NSAIDs and neurodevelopmental outcomes when 
435 extremely preterm infants reached age 6.5 years. PDA sur-
gery at up to 10 days of life was associated with a significantly 
increased risk of moderate-to-severe NDI and lower full-scale 

intelligence quotient than surgery after 20 days. This trial sug-
gested that initial drug treatment followed by deferred surgery 
appeared to be a safer option for extremely preterm infants 
with severe PDA.
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