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Abstract
To gain insight in the availability of guidelines, diagnostic criteria, and treatment strategies and whether clinical equipoise regarding 
optimal treatment for patent ductus arteriosus (PDA) in prematurity is present. We hypothesized that (co-)authors of PDA-related 
papers were more likely to screen for a PDA and would treat earlier and more aggressively. An international internet-based survey 
between September 2019 and March 2020 in which we collected (1) baseline characteristics; (2) availability of guidelines; (3) 
screening strategy for PDA; (4) diagnostic criteria for hemodynamic significance; (5) treatment strategy; and (6) metrics of treatment 
efficacy. Finally, ten clinical equipoise statements were posed on a Likert scale. In total, 144 surveys were sent, of which 71/144 (49%) 
surveys could be analyzed with 56/71 (79%) fully completed surveys. The respondents, mainly neonatologists in a level III neonatal 
intensive care unit, of whom 36/71 (51%) had (co-)authored a publication on the PDA, highlighted a lack of national guidelines, 
heterogeneous approach to screening strategies, and marked variability in diagnostic criteria to assess hemodynamic significance, 
treatment strategies and effect measurement. No major significant differences were observed between respondents who did or did 
not (co-)author a publication on the PDA. Respondents who screened for PDA scored significantly higher on the need for screening, 
early and aggressive treatment. Remarkably, the scores of all statements regarding clinical equipoise varied widely.

Conclusions: Our survey highlights the lack of guidelines and enormous heterogeneity in current practice. Current evi-
dence is not robust enough to harmonize current treatment strategies into (inter)national guidelines.

What is Known:
• Patent ductus arteriosus (PDA) incidence is inversely related to gestational age.
• Although early pharmacological treatment induces PDA closure, optimal treatment is debated due to the lack of beneficial effects on out-

come.
What is New:
• In the absence of (inter)national guidelines, diagnostic and treatment strategies are heterogeneous and contradictory, even in a selected 

hemodynamically- interested group.
• Different PDA screening strategies did, while PDA publication status did not, show significant differences in treatment strategy and 

responses to equipoise statements.
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Introduction

Management of patent ductus arteriosus (PDA) in preterm 
infants remains controversial. Current evidence from rand-
omized controlled trials (RCTs) and meta-analyses shows 
no clear beneficial effect of pharmacological treatment over 
placebo regarding mortality or neonatal morbidity [1]. Many 
clinicians prefer to treat pharmacologically, although the 
methodological quality of the conducted studies is moder-
ate to low; specifically, most trials end up representing a 
comparative evaluation of early versus later pharmacologi-
cal treatment since on average over 50% of patients in con-
trol group received open-label treatment during the study 
[2, 3]. On the contrary, other centers have adopted a con-
servative approach (watchful waiting) [4]. Parallel to this 
clinical divergence towards PDA management, recent tri-
als addressed both conservative management and combined 
pharmacological treatment (i.e., paracetamol in addition to 
ibuprofen) [5, 6].

One of the main limitations for selective pharmacological 
treatment is the lack of robust diagnostic criteria to define 
hemodynamic significance [7]. Of concern, the diagnostic 
criteria used in PDA RCTs represent either a dichotomous 
assignment as PDA present/persistent or use limited echo-
cardiography criteria with poor reproducibility [8]. Never-
theless, recent evidence suggests that PDA severity scores 
based on comprehensive echocardiographic criteria may 
enable identification of higher-risk patients at greater risk 
of abnormal neonatal outcomes [9, 10].

To gain more insight in current practices regarding the 
diagnosis and management of persistent PDA in preterm 
infants less than 28 weeks’ gestation, we conducted an inter-
national internet-based survey. We focused on the availabil-
ity of (national) guidelines, screening protocols, diagnostic 
criteria, treatment strategies, and definitions of treatment 
effect. Moreover, we analyzed the response on several (con-
troversial) statements with respect to PDA management. We 
hypothesized that (co-)authors of PDA-related papers were 
more likely to screen for a PDA and would treat earlier and 
more aggressively.

Materials and methods

A comprehensive internet-based survey addressing these 
current controversies in PDA assessment and management 
was originally designed by two authors (TH and WdB) based 
on the available literature. The survey was tested and then 
reviewed and edited by the other authors (AK and PM) (Sup-
plement 1). Via the  Castor® Database, a survey invitation 
was sent to all members of the Section Circulation, Oxy-
gen Transport, and Hematology of the European Society of 

Pediatric Research (ESPR) and principal investigators of the 
BeNeDuctus trial between September 2019 and March 2020 
[2, 11]. A reminder was sent twice, according to published 
recommendations [12]. Additionally, a QR-link to apply for 
the questionnaire was shared within the ESPR newsletter 
and invited section members were asked to share this in their 
network. After application, an invitation to the survey was 
sent to applicants by the author (TH). The used Checklist 
for Reporting Results of Internet E-Surveys (CHERRIES) 
is presented in Supplement 2 [13].

The following information was collected: (1) baseline 
characteristics of the respondent and the institution; (2) 
availability of both local and national guidelines; (3) screen-
ing strategy for PDA; (4) diagnostic criteria used to deter-
mine hemodynamic significance; (5) treatment strategy; and 
(6) metrics of treatment efficacy. At the end of the survey, 
ten (controversial) statements addressing clinical equipoise 
were posed on Likert scales which respondents were asked 
to rank.

Data were collected and analyzed anonymously. All 
responses with reported baseline characteristics were 
included. We were interested in differences between 
respondents who did or did not (co-)author at least one pub-
lication on the PDA, as a proxy for relevant PDA research 
involvement. Furthermore, we looked at differences between 
respondents who did and did not routinely perform echo-
cardiographic screening for PDA. Statistical analyses were 
performed using descriptive statistics, presented as median 
(interquartile range) and number/total respondents, percent-
age. The Mann–Whitney U test was used for comparison 
between two independent groups.

Results

In total, 144 surveys were sent (95 ESPR section members, 
12 BeNeDuctus trial principal investigators, and 37 appli-
cants) of which 56 respondents completed the survey in full 
(39%). Another 15 (10%) respondent surveys had completed 
baseline characteristics and at least one subgroup and there-
fore were also included. All answers are summarized in Sup-
plement 3.

Baseline characteristics

Most respondents were neonatologists (65/71, 92%), with 
10–20 years’ experience (30/71, 42%) working in a level 
III (23/71, 32%) or IV (45/71, 63%) neonatal care unit [14]. 
Respondents originated from 25 different countries (Fig. S1 
and Table S1). There was an overrepresentation of respond-
ents from The Netherlands and no respondents from Asia. 
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In most respondents’ centers, a pediatric cardiology service 
was available 24/7 (52/71, 73%) and surgical ligation was 
performed on site (49/71, 69%). Half of the respondents 
(36/71, 51%) reported to have (co-)authored a publication 
on the PDA in preterm infants in peer-reviewed medical 
journals (Table S1).

Guidelines

Only 4/70 respondents (6%), which equates to 16% of coun-
tries (i.e., The Netherlands, Germany, Turkey, and Poland), 
indicated that a national guideline regarding diagnosis 
and management of PDA in preterm infants (gestational 
age < 28 weeks) was available. Interestingly, other respond-
ents from three of these countries (i.e., The Netherlands, 
Germany, and Turkey) stated that no national guideline 
existed. Local guidelines were available according to 40/71 
respondents (56%). No local guideline was made without 
involvement of a (hemodynamic consultant) neonatologist 
(Table S2).

Screening strategy

Routine screening of preterm infants for PDA was reported 
by 33/71 (46%) participants. Most respondents (20/33, 
61%) performed echocardiographic screening between 24 
and 72 h postnatal age (Table S3). Criteria for screen-
ing were based on gestational age alone (14/31, 45%), or 
gestational age in combination with birth weight (17/31, 
55%) (Table S3). Echocardiographic evaluation of patients 
in centers where routine screening is not performed was 
mainly based on clinical signs (36/38) and/or additional 
assessments (16/38) (Table 1). Only 15/71 respondents 
(21%) would perform routine echocardiographic PDA 
screen prior to administration of a second dose of sur-
factant. If a large left-to-right transductal shunt was iden-
tified, most (13/15, 87%) would not administer a second 
dose of surfactant (Table S3). 

Diagnostic criteria for (hs)PDA

Although echocardiographic assessment is routinely 
performed by similar rates of neonatologists with hemo-
dynamics expertise and pediatric cardiologists, the first 
patient assessment where exclusion of congenital heart dis-
ease is paramount is mostly performed by the latter (40/71, 
56%). If the first patient assessment was performed by a 
neonatologist, it was frequently reviewed by a pediatric 
cardiologist in a timely manner (19/71, 27%) (Table S4). 
Parameters used to define hemodynamic significant PDA 

(hsPDA) varied widely. Most respondents (49/59, 83%) 
did not use any form of a PDA severity score [9, 15]. 
Reported cut-off values for echocardiographic param-
eters are presented in Table 2. The ranked importance of 
echocardiographic parameters for the determination of a 
hsPDA is shown in Fig. 1. Respondents that published on 
the PDA gave a higher ranking for abnormal OR retro-
grade diastolic flow (“ductal steal”) in the celiac trunk.

Treatment strategy

The most commonly used treatment strategies were early 
targeted treatment based on screening at a postnatal age 
of 24–72 h (26/61, 43%) and symptomatic treatment at 
a postnatal age > 72 h (25/61, 41%). In most centers, the 
neonatologist decides to start treatment (35/59, 59%) 
(Table S5). Early targeted treatment was significantly more 
often used as treatment strategy by respondents who rou-
tinely screen echocardiographically (20/29, 69%) in com-
parison to those who did not (6/32, 19%).

Most respondents reported pharmacological treat-
ment with ibuprofen (43/57, 75%). Indomethacin (6/57, 
11%) and paracetamol (8/57, 14%) were less commonly 
prescribed in the countries surveyed. Most respondents 
(37/43, 86%) start with a median loading dose of 10.0 
(10.0–10.0) mg/kg ibuprofen and subsequent median doses 
of 5.0 (5.0–5.0) mg/kg (Table 3).

Table 1  Reasons to perform echocardiography for respondents with-
out a ductal screening program (n = 38)

Data are presented as number
BNP  brain natriuretic peptide,  CPAP  continuous positive airway 
pressure,  FiO2  oxygen requirement,  NIRS  near-infrared spectros-
copy, US ultrasound

Clinical signs 36 Additional assessments 16

Heart murmur 33 Chest radiograph 10
Increased FiO2 32 Blood lactate 10
Low diastolic arterial pressure 29 Cerebral US with absent/

reversed diastolic blood 
flow

9

Wide pulse pressure 28 Signs of renal failure 7
Inotropic support 28 NIRS monitoring 6
Tachypnea / pulmonary edema 28 NT pro BNP 5
Ventilator dependency 28
Bounding pulses 25
Hyperactive precordium 25
Low mean arterial pressure 24
Extubation failure 20
CPAP failure 15
Renal impairment 10
Feeding intolerance 9
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A minority (6/58, 10%) of respondents reported that 
surgical ductal ligation was never performed. In addition, 
most respondents (39/58, 67%) reported using stricter cri-
teria for PDA ligation. Transcatheter closure was consid-
ered an option for patients with PDA by half (28/54, 52%) 
of the respondents. Feeding strategies during pharmaco-
logical treatment varied widely from normal advance of 
enteral feeding (31/52, 60%) to no increase (15/52, 29%) 
or even discontinuation of enteral feeding (6/52, 12%) 
(Table S5).

Treatment efficacy metrics

The timing of treatment effect measurement varied as did the 
definition of treatment success (Table S6). Most respond-
ents performed echocardiography after a full course (43/59, 
73%). Treatment success was most commonly (25/58, 43%) 
defined as a change from “hsPDA to non-hsPDA,” rather 
than PDA closure (8/58, 14%). Undocumented PDA clo-
sure was followed up in the outpatient clinic with echo-
cardiography by most of the respondents (41/59, 69%). 
As our survey mainly focused on preterm infants born at 
gestational age < 28 weeks, we asked respondents if there 
would have been differences in their response if the focus of 
the survey was extreme preterm infants born at gestational 
age < 24 weeks only; interestingly, 27/59 (46%) respondents 
indicated that there would be a difference with a tendency 
towards more aggressive treatment.

Clinical equipoise statements

As shown in Fig. 2a, b, almost all answers on the statements 
varied widely, ranging from totally disagree (10) to totally 
agree (100). There were no significant differences between 
participants who did versus those who did not publish on 
the PDA (Fig. 2a). Contrarily, significant differences were 
found between participants who did and those who did not 
routinely screen for PDA (Fig. 2b). Participants who rou-
tinely screened for PDA had significantly higher Likert scale 
scores on the statements regarding the need for screening 
and the need to treat early and aggressively than those who 
did not routinely screen.

Discussion

After more than 40 years of clinical research, including 
many RCTs, PDA management in preterm infants remains 
a subject of great controversy and there is still no consensus 
on whether, when, and how to treat a PDA in preterm infants. 
This is further highlighted by our survey. Of interest, a previ-
ous survey found important differences in the perception of 
the pathophysiological role of PDA in neonatal morbidity 
and mortality between neonatologists and pediatric cardiolo-
gists [16]. Neonatologists were more likely to recommend 
watchful waiting, while pediatric cardiologists preferred 
intervention. This survey was, however, mainly answered 

Table 2  Echocardiographic parameters with cut-off value for small and large shunts

Data are presented as number (percentage) with median (interquartile range) for cut-off values. Percentages may not sum to 100 due to rounding
IVRT isovolumic relaxation time, LA:Ao left atrium:aorta, LPA left pulmonary artery, LVEDD left ventricular end-diastolic dimension, LVO left 
ventricular output, SVC superior vena cava, vmax maximum velocity

n Cut-off value small shunt Cut-off value large shunt

PDA diameter (mm) 41  < 1.5 (1.5–1.5)  > 2.0 (1.8–2.3)
(mm/kg) 9  < 1.4 (1.0–1.5)  > 1.5 (1.5–2.0)
PDA:LPA 5  < 1.0 (0.5–1.0)  > 1.1 (1.0–1.8)

LA:Ao ratio 38  < 1.5 (1.4–1.5)  > 1.5 (1.5–2.0)
Transductal flow velocity  (vmax) (m/s) 19  > 2.0 (2.0–2.5)  < 2.0 (1.5–2.0)
LVO (ml/kg/min) 22  < 250 (200–300)  > 300 (300–400)
LPA diastolic velocity (m/s) 18  < 0.3 (0.2–0.3)  > 0.4 (0.2–0.5)
LVEDD (mm) 10  < 12.0 (10.0–12.5)  > 15.0 (12.8–18.0)
Mitral valve E:A ratio 15  < 1.0 (1.0–1.0)  > 1.0 (1.0–1.0)
IVRT (ms) 12  > 40 (40–55)  < 35 (30–45)
LVO:SVC ratio 2  < 4.0 (4.0–4.0)  > 4.0 (4.0–4.0)
Pulmonary vein d wave velocity (m/s) 4  < 0.3 (0.2–0.5)  > 0.5 (0.5–0.6)

Small shunt Moderate shunt Large shunt
Transductal flow pattern (n = 37) Growing 8 (22) 18 (49) 11 (30)

Pulsatile (non-
restrictive)

0 10 (27) 27 (73)

Restrictive 32 (86) 0 5 (14)
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Fig. 1  Ranking PDA char-
acteristics. Footnote: Data is 
presented as boxplots with 
median, interquartile ranges, 
and minimum/maximum rank-
ing (x-axis), for participants 
who did (dotted bars) and did 
not (dashed bars) publish on the 
PDA. All echocardiographic 
parameters are subdivided in 
(a) PDA characteristics (rank 
1–3); (b) indices of pulmo-
nary overflow (rank 1–8); 
and (c) indices of systemic 
hypoperfusion (rank 1–4). 
Statistical difference (p < 0.05) 
for “ductal steal” celiac trunk 
for PDA publication status. 
dAo, descending aorta; IVRT, 
isovolumic relaxation time; 
LA:Ao, left atrium:aorta; LPA, 
left pulmonary artery; LVEDD, 
left ventricular end-diastolic 
dimension; LVO, left ventricular 
output; MCA, middle cerebral 
artery; PCA, pericallosal artery; 
PDA, patent ductus arteriosus; 
SMA, superior mesenteric 
artery; SVC, superior vena cava

PDA diameter

Transductal flow direction

Transductal flow pattern

321

LVO:SVC ratio

LA:Ao ratio

LVEDD

Pulmonary vein d wave velocity

LPA diastolic velocity

Mitral valve E:A ratio
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87654321

'Ductal steal' MCA or PCA

'Ductal steal' SMA

'Ductal steal' celiac trunk

'Ductal steal' dAo

4321

A

B

C
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by neonatologists; therefore, it was not possible to analyze 
differences between professional groups. We did, however, 
compare perspectives of neonatologists with hemodynamics 
expertise using PDA publication track record as a surrogate 
of expertise. Neonatologists who have published on the PDA 
rank the importance of “ductal steal” in celiac trunk higher. 
We observed a lack of the availability of national guidelines, 
which highlights the paucity of robust evidence favoring 
one specific diagnostic or therapeutic regimen. Interest-
ingly, in Germany, most respondents (3/4, 75%) were una-
ware of their available, although expired, national guideline 

(https:// gnpi. de/ leitl inien/), while in The Netherlands, 1/15 
(7%) stated that a national guideline was available, although 
there was none (personal communication). Local guidelines 
were more commonly available, which were mainly initiated 
by the neonatologists.

Ibuprofen was the most reported treatment among 
respondents, both for a first and second course. Optimal 
ibuprofen dosage and route of administration are still 
debated [1], which was highlighted in our survey by het-
erogeneous regimens of ibuprofen. Although most stud-
ies on indomethacin investigate 0.2 mg/kg loading dose, 

Table 3  Used drug(s) and 
dosage for first and second 
course

Data are presented as number (percentage) with median (interquartile range) for dosages. Percentages may 
not sum to 100 due to rounding

First course Second course
What is the drug of first choice in your center?
  Ibuprofen 43 (75) 33 (67)
  Indomethacin 6 (11) 7 (14)
  Paracetamol/acetaminophen 8 (14) 9 (18)

Do you start with a loading dose?
  Ibuprofen 43 32
   Yes 37 (86) 26 (81)

Loading dose (mg/kg) 10.0 (10.0–10.0)
5.0 (5.0–5.0)

10.0 (10.0–10.0)
5.0 (5.0–5.0)Subsequent dose(s) (mg/kg)

   No 6 (14) 6 (19)
Dosage (mg/kg) 15.0 (10.0–20.0) 7.3 (5.5–9.4)

  Indomethacin 6 7
   Yes 4 (67) 1 (14)

Loading dose (mg/kg) 0.2 (0.2–0.2)
0.1 (0.10–0.18)

0.2
0.1Subsequent dose(s) (mg/kg)

   No 2 (33) 6 (86)
Dosage (mg/kg) 0.2 (0.2–0.2) 0.2 (0.18–0.23)

  Paracetamol/acetaminophen 8 9
  No 8 (100) 9 (100)

Dosage (mg/kg) 15.0 (15.0–15.0) 15.0 (15.0–15.0)
What is the preferred route of administration?
  Ibuprofen 43 32
   Per os 11 (26) 8 (25)
   Intravenously 32 (74) 24 (75)
   Indomethacin 6 7
   Intravenously 6 (100) 7 (100)
  Paracetamol/acetaminophen 8 9
   Per os 2 (25) 5 (56)
  Intravenously 6 (75) 4 (44)

What is the total number of doses?
  Ibuprofen 3 doses 40 (100) 31 (97)

5 doses - 1 (3)
  Indomethacin 3 doses 5 (83) 7 (100)

6 doses 1 (17) -
  Paracetamol/acetaminophen 12 doses 7 (88) 6 (67)

20 doses - 1 (11)
28 doses 1 (13) 2 (22)
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followed by 0.1 mg/kg, one-third of the respondents used 
a higher dosage [17]. As both ibuprofen and indomethacin 
are associated with adverse events, paracetamol is gain-
ing interest as alternative treatment [18]. Although off-
label for PDA treatment, paracetamol was used as first-line 
treatment by 14% of our respondents. There is conflicting 
evidence regarding the safety of the use of paracetamol 
in preterm infants for ductal closure [19–22]. Further-
more, superiority over conservative management has not 
been proven for paracetamol [5, 23]. A survey in the UK 
showed that ibuprofen was the first-line treatment in most 
departments (92%) [24]. Although 33% of respondents 
used paracetamol in addition, great variance in dosage, 
duration of treatment, and monitoring were noted. In New 
Zealand and Australia, paracetamol was mentioned in half 
of the available PDA treatment protocols and 70% of par-
ticipants prescribed paracetamol [18]. With the available 
evidence, in our opinion, paracetamol should not be used 

as first-line treatment and might only be considered in case 
of contraindications for ibuprofen and indomethacin.

The latest American Academy of Pediatrics statement 
states that early routine treatment to induce PDA closure in 
the first 14 days of life does not improve long-term outcomes 
[25]. Half of the respondents perform echocardiographic 
screening to actively search for an asymptomatic, but hemo-
dynamic significant, PDA, and subsequentially start early 
targeted treatment rather than routine treatment. However, 
this strategy has also not been associated with improved 
short-term outcomes [26]. Echocardiographic parameters 
used to determine hsPDA varied as did threshold values for 
either a small or a large shunt. The median cut-off value is 
grossly within the range of previously published cut-off val-
ues [27]. Neonatologists who have published on PDA ranked 
flow reversal in the post-ductal aorta highest as a marker of 
hemodynamic significance. This is an interesting observa-
tion and aligns with MRI data which concluded strongest 

Statement 1

Statement 2

Statement 3

Statement 4

Statement 5

Statement 6

Statement 7

Statement 8

Statement 9

Statement 10

100704010

Statement 1

Statement 2

Statement 3*

Statement 4

Statement 5*

Statement 6*

Statement 7*

Statement 8

Statement 9

Statement 10

100704010

A B

Fig. 2  Clinical equipoise statements. Footnote: Data is presented as 
boxplots, with median, interquartile range, and minimum/maximum 
on a 10–100-Likert scale (x-axis) for all statements for (a) partici-
pants who did (dotted bars) and did not (dashed bars) (co-)authored 
a publication on the PDA; and (b) participants who did (dotted bars) 
and did not (dashed bars) screen for PDA. *p < 0.05. (1) PDA should 
be considered as an epiphenomenon of prematurity (an indicator 
of immaturity) rather than a leading cause of mortality and morbid-
ity; (2) … therefore, it should not be treated at all; (3) … therefore, 

screening for ductal patency is not indicated at all; (4) PDA should 
be considered as an important cause of mortality and morbidity 
in preterm infants; (5) … therefore, screening for ductal patency is 
essential; (6) … therefore, it should be treated aggressively; (7) … 
therefore, it should be treated early; (8) The PDA diameter is a good 
surrogate for shunt volume; (9) I would consider treating a PDA in 
case of “hemodynamic significance” (any definition); (10) I would 
consider treating a “non-hemodynamic significant” (any definition) 
PDA in case of associated clinical findings/morbidity
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correlation with PDA shunt volume [28]. Echocardiographic 
follow-up, to appraise treatment efficacy, is mainly per-
formed after completion of a full course of treatment. This 
is noteworthy in the face of published evidence that repeated 
echocardiography after each dose of indomethacin or ibu-
profen offers dose minimization and potential avoidance of 
adverse treatment effects [29–31]. Despite the lack of con-
sensus on the definition of a hsPDA [7], most respondents 
indicated the change from a hsPDA to a non-hsPDA as defi-
nition of treatment success, rather than complete elimination 
of PDA flow (PDA closure).

A minority of respondents would perform echocardio-
graphic screening for a PDA before a second dose of sur-
factant. Most of those who did would not give a second dose 
of surfactant in case of a large left-to-right shunt. Although 
the evidence to support this restrictive surfactant replace-
ment strategy is scarce [32], from a pathophysiological point 
of view, surfactant could further decrease the pulmonary 
vascular resistance, thereby increasing the ductal blood flow 
to the lungs, ultimately increasing the risk of pulmonary 
hemorrhage [33]. There might be a selection bias in this 
question, as people who deliberately perform a scan prior to 
the second surfactant dose will be more likely to withhold 
the second dose in case a large PDA is found.

Interestingly, the contradicting statements “PDA should 
be considered as an epiphenomenon of prematurity (an indi-
cator of immaturity) rather than a leading cause of mor-
tality and morbidity” and “PDA should be considered as 
an important cause of mortality and morbidity in preterm 
infants” were scored equally. On the contrary, there was low 
responder agreement on a “no screening and/or treatment” 
policy and higher agreement on “active screening with sub-
sequent early and aggressive treatment.” The discordance 
between opinions on PDA relevance and approach to screen-
ing highlights the confusion among clinicians. No statistical 
differences were found between participants who did and 
those who did not publish on the PDA. Respondents that do 
screen in comparison to those who do not screen for a PDA 
started treatment earlier. Regarding the clinical equipoise 
statements, they scored much higher on early screening and 
aggressive treatment.

The statement with the highest respondent score was “I would 
consider treating a PDA in case of ‘hemodynamic significance’ 
(any definition).” Although there seems to be agreement on the 
fact that PDA treatment should be considered when there is evi-
dence of hsPDA, robust diagnostic criteria are lacking. This was 
highlighted by the heterogeneity on the definition of hsPDA in 
our survey. This suggests the need to standardize (echocardio-
graphic) assessment of hsPDA and aim to include only patients 
with a well-defined hsPDA in future RCTs. In conclusion, the 
responses to statements demonstrate marked heterogeneity in 
the opinion about optimal diagnostic and therapeutic manage-
ment strategy in preterm infants with a persistent PDA. This 

perspective was also observed in a recent RCTs, in which lack 
of physician equipoise led to the exclusion of 21% of eligible 
patients, many of whom were the sickest and most immature 
patients [23]. In order to minimize open-label treatment, as was 
successful in a recent RCTs [34], physicians at participating hos-
pitals must retain clinical equipoise in the pursuit of answering 
the question whether or not a PDA in vulnerable preterm infants 
is an innocent bystander or the prime suspect.

One of the main limitations of our study is that it was 
conducted mainly in a special interest group, which might 
threaten the external validity and generalizability of our 
findings. In an attempt to reduce selection bias, the princi-
pal investigators on the BeNeDuctus trial were also invited 
and participants could apply for the survey via a QR code 
which was shared widely. In fact, our findings might even be 
more concerning as it highlights that even in a special inter-
est group, there is limited consensus in any aspect of PDA 
diagnosis and management. This was further highlighted by 
the absence of major differences between participants who 
did (co-)author a publication on the PDA and those who did 
not. It is not clear whether a track record of PDA publica-
tion reflects expertise in PDA physiology or echocardiogra-
phy both of which may impact perspectives. The number of 
respondents that was funded to perform research on the PDA 
was too little to perform subgroup analyses (16/71 (23%)). 
Another limitation is the relatively low response rate, which 
might be due to the length of this comprehensive survey.

Current RCTs, like the Baby-OSCAR trial [35], manage-
ment of the PDA trial (NCT03456336), and the BeNeDuctus 
trial [36], will hopefully add to the available knowledge and 
will guide our way either to more aggressive treatment with 
monotherapy (ibuprofen or paracetamol) or even combined 
therapy (ibuprofen and paracetamol) or to a more expectant 
approach [37, 38]. Furthermore, advances in percutaneous 
ductal closure might lead to reconsideration of early invasive 
closure for a select group of patients [39]. Unfortunately, 
inclusion criteria and definitions of (hs)PDA remain hetero-
geneous, as do treatment strategies. Therefore, meta-analysis 
of currently available RCTs will not be likely to answer the 
question whether or not a (hs)PDA should be treated. We 
suggest a consensus statement meeting to define a hsPDA 
which then could be uniformly used as an inclusion criterion 
in future RCTs.

In conclusion, this international survey demonstrates that 
current evidence regarding PDA diagnosis and management 
is not robust enough to support the development of (inter)
national guidelines. It shows enormous heterogeneity in 
screening strategies, diagnostic criteria for hsPDA, treat-
ment strategies, and effect measurements. The current lack 
of clinical equipoise was further highlighted by the wide 
variance in responses on standardized statements regarding 
management of a persistent PDA in preterm infants, which 
is a threat for recruiting RCTs.

2466 European Journal of Pediatrics (2022) 181:2459–2468



1 3

Supplementary information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00431- 022- 04441-8.

Acknowledgements We would like to thank Karin Deckers and Wendy 
Jansen for their effort in building the digital survey. We would like to 
thank the European Society of Pediatric Research for their contribution 
to the recruitment of survey respondents. Special thanks to the respond-
ents of the survey for their effort in filling out our extensive survey.

Authors’ contributions TH and WdB initiated the survey, which was 
tested, reviewed, and edited by AEK and PM. Analyses and the first 
draft of the manuscript were made by TH and revised by WdB, AF, and 
PM. All authors read and approved the final manuscript.

Availability of data and material The database with survey results will 
be available upon reasonable request.

Declarations 

Ethics approval A waiver has been obtained for this study from the 
Ethical committee at the Radboud University Medical Center (#2021–
7469).

Consent to participate Not applicable.

Consent for publication Not applicable.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Mitra S, Florez ID, Tamayo ME, Mbuagbaw L, Vanniyasingam 
T, Veroniki AA, Zea AM, Zhang Y, Sadeghirad B, Thabane L 
(2018) Association of placebo, indomethacin, ibuprofen, and 
acetaminophen with closure of hemodynamically significant pat-
ent ductus arteriosus in preterm infants: a systematic review and 
meta-analysis. JAMA 319(12):1221–1238. https:// doi. org/ 10. 
1001/ jama. 2018. 1896

 2. Hundscheid T, Onland W, van Overmeire B, Dijk P, van Kaam A,  
Dijkman KP, Kooi EMW, Villamor E, Kroon AA, Visser R, Vijlbrief  
DC, de Tollenaer SM, Cools F, van Laere D, Johansson AB, Hocq C, 
Zecic A, Adang E, Donders R, de Vries W, van Heijst AFJ, de Boode 
WP (2018) Early treatment versus expectative management of patent 
ductus arteriosus in preterm infants: a multicentre, randomised, non-
inferiority trial in Europe (BeNeDuctus trial). BMC Pediatr 18(1):262. 
https:// doi. org/ 10. 1186/ s12887- 018- 1215-7

 3. Jansen EJS, Hundscheid T, Onland W, Kooi EMW, Andriessen P, 
de Boode WP (2021) Factors associated with benefit of treatment 

of patent ductus arteriosus in preterm infants: a systematic review 
and meta-analysis. Front Pediatr 9(45). https:// doi. org/ 10. 3389/ 
fped. 2021. 626262

 4. Ngo S, Profit J, Gould JB, Lee HC (2017) Trends in patent ductus  
arteriosus diagnosis and management for very low birth weight infants. 
Pediatrics 139(4):e20162390. https:// doi. org/ 10. 1542/ peds. 2016- 2390

 5. Harkin P, Harma A, Aikio O, Valkama M, Leskinen M, Saarela 
T, Hallman M (2016) Paracetamol accelerates closure of the duc-
tus arteriosus after premature birth: a randomized trial. J Pediatr 
177(72–77):e72. https:// doi. org/ 10. 1016/j. jpeds. 2016. 04. 066

 6. Hochwald O, Mainzer G, Borenstein-Levin L, Jubran H, Dinur 
G, Zucker M, Mor M, Khoury A, Kugelman A (2018) Adding 
paracetamol to ibuprofen for the treatment of patent ductus arte-
riosus in preterm infants: a double-blind, randomized, placebo-
controlled pilot study. Am J Perinatol 35(13):1319–1325. https:// 
doi. org/ 10. 1055/s- 0038- 16539 46

 7. Zonnenberg I, de Waal K (2012) The definition of a haemody-
namic significant duct in randomized controlled trials: a system-
atic literature review. Acta Paediatr 101(3):247–251. https:// doi. 
org/ 10. 1111/j. 1651- 2227. 2011. 02468.x

 8. Babla K, Duffy D, Dumitru R, Richards J, Kulkarni A (2021) 
Repeatability of PDA diameter measurements on echocardiogra-
phy. Eur J Pediatr. https:// doi. org/ 10. 1007/ s00431- 021- 04178-w

 9. El-Khuffash A, James AT, Corcoran JD, Dicker P, Franklin 
O, Elsayed YN, Ting JY, Sehgal A, Malikiwi A, Harabor A, 
Soraisham AS, McNamara PJ (2015) A patent ductus arterio-
sus severity score predicts chronic lung disease or death before 
discharge. J Pediatr 167(6):1354–136 e1352. https:// doi. org/ 10. 
1016/j. jpeds. 2015. 09. 028

 10. Rios DR, Martins FdF, El-Khuffash A, Weisz DE, Giesinger RE, 
McNamara PJ (2021) Early role of the atrial-level communication in 
premature infants with patent ductus arteriosus. J Am Soc Echocar-
diogr 34(4):423–432.e1. https:// doi. org/ 10. 1016/j. echo. 2020. 11. 008

 11. Castor EDC (2019) Castor electronic data capture. https:// casto redc. 
com. Accessed 28 Aug 2019

 12. Burns KE, Duffett M, Kho ME, Meade MO, Adhikari NK, Sinuff 
T, Cook DJ (2008) A guide for the design and conduct of self-
administered surveys of clinicians. CMAJ 179(3):245–252. 
https:// doi. org/ 10. 1503/ cmaj. 080372

 13. Eysenbach G (2004) Improving the quality of Web surveys: the 
Checklist for Reporting Results of Internet E-Surveys (CHER-
RIES). J Med Internet Res 6(3):e34. https:// doi. org/ 10. 2196/ 
jmir.6. 3. e34

 14. Academy of Pediatrics Committee on Fetus and Newborn (2012) 
Levels of neonatal care. Pediatrics 130(3):587–597. https:// doi. 
org/ 10. 1542/ peds. 2012- 1999

 15. McNamara PJ, Sehgal A (2007) Towards rational management 
of the patent ductus arteriosus: the need for disease staging. Arch 
Dis Child Fetal Neonatal Ed 92(6):F424-427. https:// doi. org/ 10. 
1136/ adc. 2007. 118117

 16. Sathanandam S, Whiting S, Cunningham J, Zurakowski D, 
Apalodimas L, Waller BR, Philip R, Qureshi AM (2019) Prac-
tice variation in the management of patent ductus arteriosus in 
extremely low birth weight infants in the United States: survey 
results among cardiologists and neonatologists. Congenit Heart 
Dis 14(1):6–14. https:// doi. org/ 10. 1111/ chd. 12729

 17. Evans P, O’Reilly D, Flyer JN, Soll R, Mitra S (2021) Indometha-
cin for symptomatic patent ductus arteriosus in preterm infants. 
Cochrane Database Syst Rev 1(1):Cd013133. https:// doi. org/ 10. 
1002/ 14651 858. CD013 133. pub2

 18. Dowd LA, Wheeler BJ, Al-Sallami HS, Broadbent RS, Edmonds 
LK, Medlicott NJ (2019) Paracetamol treatment for patent ductus 
arteriosus: practice and attitudes in Australia and New Zealand. 
J Matern Fetal Neonatal Med 32(18):3039–3044. https:// doi. org/ 
10. 1080/ 14767 058. 2018. 14565 20

2467European Journal of Pediatrics (2022) 181:2459–2468

https://doi.org/10.1007/s00431-022-04441-8
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1001/jama.2018.1896
https://doi.org/10.1001/jama.2018.1896
https://doi.org/10.1186/s12887-018-1215-7
https://doi.org/10.3389/fped.2021.626262
https://doi.org/10.3389/fped.2021.626262
https://doi.org/10.1542/peds.2016-2390
https://doi.org/10.1016/j.jpeds.2016.04.066
https://doi.org/10.1055/s-0038-1653946
https://doi.org/10.1055/s-0038-1653946
https://doi.org/10.1111/j.1651-2227.2011.02468.x
https://doi.org/10.1111/j.1651-2227.2011.02468.x
https://doi.org/10.1007/s00431-021-04178-w
https://doi.org/10.1016/j.jpeds.2015.09.028
https://doi.org/10.1016/j.jpeds.2015.09.028
https://doi.org/10.1016/j.echo.2020.11.008
https://castoredc.com
https://castoredc.com
https://doi.org/10.1503/cmaj.080372
https://doi.org/10.2196/jmir.6.3.e34
https://doi.org/10.2196/jmir.6.3.e34
https://doi.org/10.1542/peds.2012-1999
https://doi.org/10.1542/peds.2012-1999
https://doi.org/10.1136/adc.2007.118117
https://doi.org/10.1136/adc.2007.118117
https://doi.org/10.1111/chd.12729
https://doi.org/10.1002/14651858.CD013133.pub2
https://doi.org/10.1002/14651858.CD013133.pub2
https://doi.org/10.1080/14767058.2018.1456520
https://doi.org/10.1080/14767058.2018.1456520


1 3

 19. Juujärvi S, Saarela T, Hallman M, Aikio O (2021) Trial of par-
acetamol for premature newborns: five-year follow-up. J Matern 
Fetal Neonatal Med 1–3. epub ahead of print https:// doi. org/ 10. 
1080/ 14767 058. 2021. 18754 44

 20. Dani C, Lista G, Bianchi S, Mosca F, Schena F, Ramenghi L, 
Zecca E, Vento G, Poggi C, Leonardi V, Minghetti D, Rosignoli 
MT, Calisti F, Comandini A, Cattaneo A, Lipone P (2020) 
Intravenous paracetamol in comparison with ibuprofen for the 
treatment of patent ductus arteriosus in preterm infants: a ran-
domized controlled trial. Eur J Pediatr. https:// doi. org/ 10. 1007/ 
s00431- 020- 03780-8

 21. van den Anker JN, Allegaert K (2016) Acetaminophen to pre-
vent symptomatic patent ductus arteriosus: another drug bites the 
dust?. J Pediatr 177:7–9. https:// doi. org/ 10. 1016/j. jpeds. 2016. 06. 
034

 22. van den Anker JN, Allegaert K (2018) Acetaminophen in the 
neonatal intensive care unit: shotgun approach or silver bullet. J 
Pediatr 198:10–11. https:// doi. org/ 10. 1016/j. jpeds. 2018. 02. 046

 23. Clyman RI, Liebowitz M, Kaempf J, Erdeve O, Bulbul A, Hakansson 
S, Lindqvist J, Farooqi A, Katheria A, Sauberan J, Singh J, Nelson K, 
Wickremasinghe A, Dong L, Hassinger DC, Aucott SW, Hayashi M, 
Heuchan AM, Carey WA, Derrick M, Fernandez E, Sankar M, Leone 
T, Perez J, Serize A, Investigators P-TT (2019) PDA-TOLERATE  
Trial: an exploratory randomized controlled trial of treatment of 
moderate-to-large patent ductus arteriosus at 1 week of age. J Pediatr 
205(41–48):e46. https:// doi. org/ 10. 1016/j. jpeds. 2018. 09. 012

 24. Noureldein M, Hu K, Groucutt J, Heaver R, Gurusamy K (2020) 
Paracetamol for patent ductus arteriosus in preterm infants: a UK 
national survey. J Matern Fetal Neonatal Med 1–4. https:// doi. org/ 
10. 1080/ 14767 058. 2020. 17526 52

 25. Benitz WE (2016) Patent ductus arteriosus in preterm infants. 
Pediatrics 137(1). https:// doi. org/ 10. 1542/ peds. 2015- 3730

 26. Mitra S, Scrivens A, von Kursell AM, Disher T (2020) Early 
treatment versus expectant management of hemodynamically 
significant patent ductus arteriosus for preterm infants. Cochrane 
Database Syst Rev 12:Cd013278. https:// doi. org/ 10. 1002/  
14651 858. CD013 278. pub2

 27. van Laere D, van Overmeire B, Gupta S, El-Khuffash A, Savoia 
M, McNamara PJ, Schwarz CE, de Boode WP (2018) Application 
of NPE in the assessment of a patent ductus arteriosus. Pediatr Res 
84(Suppl 1):46–56. https:// doi. org/ 10. 1038/ s41390- 018- 0077-x

 28. Broadhouse KM, Price AN, Durighel G, Cox DJ, Finnemore AE, 
Edwards AD, Hajnal JV, Groves AM (2013) Assessment of PDA 
shunt and systemic blood flow in newborns using cardiac MRI. 
NMR Biomed 26(9):1135–1141. https:// doi. org/ 10. 1002/ nbm. 
2927

 29. Carmo KB, Evans N, Paradisis M (2009) Duration of indometha-
cin treatment of the preterm patent ductus arteriosus as directed 
by echocardiography. J Pediatr 155(6):819–822.e811. https:// doi. 
org/ 10. 1016/j. jpeds. 2009. 06. 013

 30. Bravo MC, Cabañas F, Riera J, Pérez-Fernández E, Quero J, 
Pérez-Rodríguez J, Pellicer A (2014) Randomised controlled clini-
cal trial of standard versus echocardiographically guided ibupro-
fen treatment for patent ductus arteriosus in preterm infants: a 

pilot study. J Matern Fetal Neonatal Med 27(9):904–909. https:// 
doi. org/ 10. 3109/ 14767 058. 2013. 846312

 31. Su BH, Peng CT, Tsai CH (1999) Echocardiographic flow pattern 
of patent ductus arteriosus: a guide to indomethacin treatment in 
premature infants. Arch Dis Child Fetal Neonatal Ed 81(3):F197–
200. https:// doi. org/ 10. 1136/ fn. 81.3. f197

 32. Garland J, Buck R, Weinberg M (1994) Pulmonary hemorrhage 
risk in infants with a clinically diagnosed patent ductus arteriosus: 
a retrospective cohort study. Pediatrics 94(5):719–723

 33. Sehgal A, Mak W, Dunn M, Kelly E, Whyte H, McCrindle B, 
McNamara PJ (2010) Haemodynamic changes after delivery room 
surfactant administration to very low birth weight infants. Arch 
Dis Child Fetal Neonatal Ed 95(5):F345–351. https:// doi. org/ 10. 
1136/ adc. 2009. 173724

 34. Sung SI, Lee MH, Ahn SY, Chang YS, Park WS (2020) Effect of 
nonintervention vs oral ibuprofen in patent ductus arteriosus in 
preterm infants: a randomized clinical trial. JAMA Pediatr. https:// 
doi. org/ 10. 1001/ jamap ediat rics. 2020. 1447

 35. Bell JL, Gupta S, Juszczak E, Hardy P, Linsell L (2021) Baby-
OSCAR: outcome after selective early treatment for closure of 
patent ductus ARteriosus in preterm babies-a statistical analysis 
plan for short-term outcomes. Trials 22(1):368. https:// doi. org/ 10. 
1186/ s13063- 021- 05324-3

 36. Hundscheid T, Donders R, Onland W, Kooi EMW, Vijlbrief DC, 
de Vries WB, Nuytemans DHGM, van Overmeire B, Mulder AL, 
de Boode WP, Dijk PH, van Kaam AHLC, de Baat T, Dijkman 
KP, Villamor E, Kroon AA, Visser R, de Tollenaer SM, Cools F, 
Meeus M, Johansson A-B, Derriks F, Hocq C, Zecic A, Henriksen 
TB, Kyng KJ, on behalf of the BeNeDuctus trial study g (2021) 
Multi-centre, randomised non-inferiority trial of early treatment 
versus expectant management of patent ductus arteriosus in pre-
term infants (the BeNeDuctus trial): statistical analysis plan. Tri-
als 22(1):627. https:// doi. org/ 10. 1186/ s13063- 021- 05594-x

 37. Shah SD, Makker K, Nandula P, Smotherman C, Kropf A, Hudak 
ML (2021) Effectiveness of dual medication therapy (oral aceta-
minophen and oral ibuprofen) for the management of patent duc-
tus arteriosus in extremely premature infants: a feasibility trial. 
Am J Perinatol. https:// doi. org/ 10. 1055/s- 0040- 17223 29

 38. Hundscheid T, Jansen EJS, Onland W, Kooi EMW, Andriessen 
P, de Boode WP (2021) Conservative management of patent duc-
tus arteriosus in preterm infants–a systematic review and meta-
analyses assessing differences in outcome measures between ran-
domized controlled trials and cohort studies. Front Pediatr 9(44). 
https:// doi. org/ 10. 3389/ fped. 2021. 626261

 39. Fraisse A, Bautista-Rodriguez C, Burmester M, Lane M, Singh Y 
(2020) Transcatheter closure of patent ductus arteriosus in infants 
with weight under 1,500 grams. Front Pediatr 8:558256. https:// 
doi. org/ 10. 3389/ fped. 2020. 558256

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

2468 European Journal of Pediatrics (2022) 181:2459–2468

https://doi.org/10.1080/14767058.2021.1875444
https://doi.org/10.1080/14767058.2021.1875444
https://doi.org/10.1007/s00431-020-03780-8
https://doi.org/10.1007/s00431-020-03780-8
https://doi.org/10.1016/j.jpeds.2016.06.034
https://doi.org/10.1016/j.jpeds.2016.06.034
https://doi.org/10.1016/j.jpeds.2018.02.046
https://doi.org/10.1016/j.jpeds.2018.09.012
https://doi.org/10.1080/14767058.2020.1752652
https://doi.org/10.1080/14767058.2020.1752652
https://doi.org/10.1542/peds.2015-3730
https://doi.org/10.1002/14651858.CD013278.pub2
https://doi.org/10.1002/14651858.CD013278.pub2
https://doi.org/10.1038/s41390-018-0077-x
https://doi.org/10.1002/nbm.2927
https://doi.org/10.1002/nbm.2927
https://doi.org/10.1016/j.jpeds.2009.06.013
https://doi.org/10.1016/j.jpeds.2009.06.013
https://doi.org/10.3109/14767058.2013.846312
https://doi.org/10.3109/14767058.2013.846312
https://doi.org/10.1136/fn.81.3.f197
https://doi.org/10.1136/adc.2009.173724
https://doi.org/10.1136/adc.2009.173724
https://doi.org/10.1001/jamapediatrics.2020.1447
https://doi.org/10.1001/jamapediatrics.2020.1447
https://doi.org/10.1186/s13063-021-05324-3
https://doi.org/10.1186/s13063-021-05324-3
https://doi.org/10.1186/s13063-021-05594-x
https://doi.org/10.1055/s-0040-1722329
https://doi.org/10.3389/fped.2021.626261
https://doi.org/10.3389/fped.2020.558256
https://doi.org/10.3389/fped.2020.558256

	Survey highlighting the lack of consensus on diagnosis and treatment of patent ductus arteriosus in prematurity
	Abstract
	Introduction
	Materials and methods
	Results
	Baseline characteristics
	Guidelines
	Screening strategy
	Diagnostic criteria for (hs)PDA
	Treatment strategy
	Treatment efficacy metrics
	Clinical equipoise statements

	Discussion
	Acknowledgements 
	References


