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Abstract

Background: Patent ductus arteriosus poses diagnostic and therapeutic dilemma for clinicians, diagnosis of
persistent PDA, and determination of its clinical and hemodynamic significance are challenging. The aim of this
study is to determine the prevalence of PDA in preterm infants admitted to our NICU, to report cardiac and
respiratory complications of PDA, and to study the management strategies and their subsequent outcomes.

Result: Echocardiography was done for 152 preterm babies admitted to neonatal intensive care unit (NICU) on day
3 of life. Eighty-seven (57.2%) preterms had PDA; 54 (62.1%) non-hemodynamically significant PDA (non-hsPDA),
and 33 (37.9%) hemodynamically significant PDA. Hemodynamically significant PDA received medical treatment
(paracetamol 15 mg/kg/6 h IV for 3 days). Follow-up echocadiography was done on day 7 of life. Four babies died
before echo was done on day 7. Twenty babies (68.9%) achieved closure after 1st paracetamol course. Nine babies
received 2nd course paracetamol. Follow-up echo done on day 11 of life showed 4 (13.7%) babies achieved
successful medical closure after 2nd paracetamol course; 5 babies failed closure and were assigned for surgical
ligation. The group of non-hsPDA showed spontaneous closure after conservative treatment. Pulmonary
hemorrhage was significantly higher in hsPDA group. Mortality was higher in hsPDA group than non-hsPDA group.

Conclusion: Echocardiographic evaluation should be done for all preterms suspected clinically of having PDA. We
should not expose vulnerable population of preterm infants to medication with known side effects unnecessarily;
we should limit medical closure of PDA to hsPDA. Paracetamol offers several important therapeutic advantages
options being well tolerated and having more favorable side effects profile.
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Background
Patent ductus arteriosus (PDA) is a vital structure in
fetal life where the systemic and pulmonary circulations
function in parallel and thus, cardiovascular function is
dependent on the presence of shunts. However, after
birth and transition to postnatal circulation, where the
systemic and pulmonary circulations are in series, the

presence of shunts between the two circulations is non-
physiological and, if sustained and significant, may lead
to hemodynamic compromise. Indeed, the ductus arter-
iosus closes in the vast majority of term infants within
the first 48 h after delivery. However, in about 50–70%
of the extremely low birth weight infants, the ductus
arteriosus remains patent [1]. In the extreme premature
population born at 24 weeks of gestation, only 13% of
infants are found to have their ductus closed by the end
of the first week [2].
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Hemodynamic and respiratory consequences of PDA
is related to the magnitude of left right shunt volume
through PDA which leads to pulmonary congestion and
respiratory function deterioration. This duct steal
phenomenon causes a reduction in cardiac output which
may lead to vital organs perfusion impairment, such as
brain, kidney, and bowel [1].
This makes PDA an important issue from the clinical

management perspective in the first few days of life in
preterm infants [3]. Management of PDA is one of the
most controversial topics in neonatal medicine.
Hemodynamically significant PDA (hsPDA) in preterms
may be associated with prolonged need for assisted ven-
tilation, pulmonary hemorrhage, bronchopulmonary dys-
plasia (BDP), necrotizing enterocolitis (NEC), impaired
renal functions, intraventricular hemorrhage (IVH), peri-
ventricular leukomalacia (PLV), and cerebral palsy [4].
The big dilemma about PDA management that still

persists among neonatologists is who, when and what to
treat with. Prophylactic therapy has gradually fallen out
of favor and neonatal units have shifted towards a more
conservative approach by treating only the clinically and
echocardiographically significant PDA [5].
Prophylactic treatment involves the administration of

indomethacin to all high-risk infants within the first 6 h.
Prophylactic indomethacin showed significant reductions
in intraventricular hemorrhage, later symptomatic PDA
and reduced PDA ligation rates but had little effect on
other morbidities particularly respiratory outcomes [6].
Pre-symptomatic treatment involves using a variety of

diagnostic methods, clinical and echocardiography, to
detect ducts in the pre-symptomatic period and then
treating medically at this time. The timing of the inter-
vention is usually between 24 h and day 5 of life. There
is significant reduction in later symptomatic PDA and
reduction in duration of supplemental oxygen [7]. How-
ever, another opinion proposes that preterm PDAs
should only be treated if there are clear signs of cardiac
failure or compromise that can only be explained by the
presence of a significant PDA [8]. Cyclooxygenase inhib-
itors, indomethacin, and ibuprofen are the most studied
pharmacologic agents for the treatment of PDA [9]. Both
drugs block prostaglandin synthesis, inducing ductal
closure. Indomethacin will close the duct in most cases
but at the expense of some side effects including: transi-
ent reduction of cerebral blood flow, oliguria, hypona-
traemia, and gastro-intestinal complications. Most of
these side effects are transient and self-limiting. Infusing
the dose over 20 to 30 min may reduce but does not
eliminate the effect on cerebral blood flow [10]. Oral
ibuprofen is an alternative for the treatment of PDA.
Oral ibuprofen was more effective than IV ibuprofen
(84.6%versus 62%) for ductal closure in VLBW infants.
Oral, but not IV, ibuprofen was associated with rise in

cystatin-C levels, a marker of impaired renal function, in
preterm infants indicating that infants with borderline
renal function may need careful monitoring [10].
The role of paracetamol (acetaminophen) as an alter-

native therapy for hsPDA closure has gained attention in
recent years because of the potential adverse effects of
COX inhibitors Moreover, paracetamol in oral form can
be used successfully as the primary choice in PDA clos-
ure. Intravenous (IV) paracetamol could be an alterna-
tive treatment in patients in whom feeding was
contraindicated or who had feeding intolerance. Para-
cetamol dose ranges from 10–15 mg/kg/dose every 6–8
h for 72 h [11]. Paracetamol can be administered to in-
fants with contraindications to cyclooxygenase inhibitors
[12].
The aim of this study is to determine the prevalence of

PDA in preterm infants admitted to our NICU; to report
cardiac and respiratory complications of PDA and to
study the management strategies and their subsequent
outcomes.

Methods
This prospective interventional study was conducted in
the Neonatal ICUs of Cairo University, over 6 months
period from April 2018 to October 2018. Preterm neo-
nate ≤ 34 weeks gestation with patent ductus arteriosus
were enrolled in our study. Exclusion criteria included
babies suffering from perinatal asphyxia, complex con-
genital heart disease, lethal congenital anomalies, and/or
chromosomal abnormalities. All the cases were subjected
to history taking and clinical examination.

Laboratory workup
Complete blood picture, CRP, electrolytes, liver func-
tions, kidney functions, capillary blood gases, and lactate
level in blood were done for all included babies.

Radiological imaging
Chest X-ray was done to assess cardiac size and check
for the presence of pulmonary edema, prominent main
pulmonary artery or left atrial enlargement.

Echocardiography
Baseline echo was done to all preterm babies ≤ 34 weeks
admitted to NICU during study period on day 3 of life;
with special emphasis on: PDA size, pulmonary artery
pressure, and left atrium aortic ratio. Follow-up echo
was done on days 7 and 11 of life.
PDA was considered hemodynamically significant

if three or more of the following were present.:

Clinical and radiological parameters
Wide pulse pressure > 25 mmHg, hypotension: blood
pressure below 3rd centile for gestational age, serum
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lactate > 4 mg/dl, pulmonary edema, or cardiomegaly
evident in chest radiograph.

Echocardiographic parameters
Ductal size ≥ 3 mm, LA/AO ratio > 1.5. [13]
Bedside trans thoracic echo was done while the neo-

nate was placed in the supine position without sedation.
Ductal diameters were measured using two-dimensional
and color flow at the pulmonary end, the median sec-
tion, and the aortic end of the ductus on high left para-
sternal view. The size of the ductus was measured in
mm at its narrowest part on a color Doppler image.
M-mode measurements of the left atrium/aortic root

were assessed from parasternal views. IVRT (ms) by
inserting PWD (pulse wave Doppler) between mitral and
aortic valves [14].

Analytic plan
According to the results of echo done on day 3 of life;
preterm babies ≤ 34 weeks gestation included in the
study were divided into two groups: PDA group (87 ba-
bies) and non-PDA group (65 preterms). PDA group
were further subdivided into hemodynamically signifi-
cant (33 babies), hemodynamically non-significant PDA
(54 babies).

PDA management
All eligible preterms enrolled in the study were started
in the delivery room on continuous positive airway pres-
sure (CPAP) 6–8 cm H20 via a T piece device (Neopuff
Infant T-piece Resuscitator, Fisher and Paykel Health-
care, Inc., Irvine, CA) using face mask if needed [15].
In NICU babies having non-hsPDA received conserva-

tive management in the form of respiratory support
using bubble CPAP and pressure adjusted at 6–8 cm
H2O and appropriately sized nasal masks. Fio2 levels
were adjusted to maintain oxygen saturation levels
within 90% to 95%. Surfactant was administered when-
ever the fraction of inspired oxygen (Fio2) was greater
than 0.3 or 0.4 for babies with a GA less than or greater
than 28 weeks respectively. Non-invasive positive pres-
sure ventilation was applied in infants with apnea or as
an intermediate step before mechanical ventilation.
Intravenous fluid therapy in the first week of life was
closely monitored and restricted if needed. Parenteral
nutrition was started from day one of life.
Babies with hsPDA received paracetamol 15 mg/kg/

dose every 6 h for 3 days in addition to the conservative
management. Babies were followed up until PDA closure
or discharge whatever comes first. If failed duct closure
after second course paracetamol, our cardiology team
was consulted and baby was referred for device closure
by catheterization or surgical ligation.

Statistical analysis
The collected data was revised, coded, tabulated and in-
troduced to a PC using Statistical package for Social Sci-
ence (IBM Corp. Released 2011. IBM SPSS Statistics for
Windows, Version 20.0. Armonk, NY: IBM Corp.). Data
were presented and suitable analysis was done according
to the type of data obtained for each parameter. Data
was summarized using mean, standard deviation, me-
dian, minimum, and maximum in quantitative data and
using frequency (count) and relative frequency (percent-
age) for categorical data.

Results
One hundred and fifty-two preterm infants were en-
rolled in the study; 87(57.2%) babies had PDA. There
were no statistically significant differences between PDA
and non-PDA groups regarding gender, gestational age,
birth weight mode of delivery, resuscitative measures,
and maternal risk factors, apart from APH which was
more frequent among mothers of PDA group. PDA
group showed statistically significant higher frequency of
poor APGAR scores< 5 at 1 min when compared to
non-PDA group (P = 0.04) (Table 1).
PDA group have increased sepsis and pulmonary

hemorrhage (P = 0.oo9, 0.0016 respectively). NEC,
apnea, IVH, and BPD did not differ significantly between
the two groups (Table 2).
Thirty-three preterms (38%) had hsPDA, and 54 babies

(62.1%) had non-hsPDA. There were no statistically sig-
nificant differences between the two groups regarding
gender, gestational age, birth weight, mode of delivery,
resuscitative measures, and maternal risk factors; apart
from pregnancy-induced hypertension (PIH) which was
more frequent among mothers of non-hsPDA group (P
= 0.03). Mother receiving antenatal steroid were signifi-
cantly higher in non-HSPDA group when compared to
hsPDA group (P = 0.03) (Table 3).
Figure 1 represents the pulmonary hypertension

frequency in the studied population documented by
echocardiography on third day of life.
Preterm babies having hsPDA had more RDS, pneu-

monia and pneumothorax evidenced by X-ray findings
compared to non-hsPDA group (P = 0.007).
The need for CPAP support (38.9% vs 12.1%, P =

0.007), mechanical ventilation (87.9% vs 57.4%, P =
0.003), and duration of mechanical ventilation (4 vs 9
days, P = 0.001) were higher in hsPDA compared to
non-hsPDA.
Pulmonary hemorrhage was associated with hsPDA

when compared to non-hsPDA (P = 0.03). Sepsis, NEC,
apnea, IVH and BPD did not differ between the two
groups (Table 4).
Echocardiography was done on day 3 of life; 33 babies

(38%) were considered to have hsPDA according to our
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criteria, they received 3 days course of IV paracetamol
15 mg/kg/6 h. Four of them started paracetamol course
but died before second echo assessment on day 7. One
died because respiratory failure, two of them died be-
cause of septic shock and the other died because of pul-
monary hemorrhage. Twenty-nine babies (87.9%) did
echo on day 7 of life to assess duct closure. Twenty
(69%) babies achieved PDA closure after completing first
course paracetamol. Nine babies (31%) received second
course paracetamol, echo was done on day 11 of life, 4
babies (44.5%) achieved PDA closure after 2nd course
paracetamol, and 5(55.5%) babies failed PDA closure
after receiving two courses paracetamol. Our cardiology

team was consulted and they were referred for duct clos-
ure by catheterization or surgical ligation (Table 5).

Discussion
PDA’s prevalence is inversely proportional to the gesta-
tional age with the prevalence of 20% at 32 weeks gesta-
tional age and exceeding 90% at 26 weeks gestational
age. Prematurity not only increases the likelihood of
PDA but also decreases the likelihood of its closure [16].
Management of PDA range from a less aggressive ap-

proach of modest fluid restriction and “watchful waiting,
” to pharmacologic and/or surgical intervention.
Pharmacotherapy includes the cyclo oxygenase inhibi-
tors; indomethacin or ibuprofen, these agents have side
effects including renal failure, brain white matter injury,
spontaneous intestinal perforation, necrotizing entero-
colitis, and increased bleeding tendency secondary to re-
duced platelet function, all in the face of treatment
failure rates as high as 40% in very premature infants
[17].
Clinical trials did not provide clear evidence to support

the practice of closing PDA to improve short-term and
long-term outcomes of premature infants. Trials con-
ducted to introduce pharmacological treatment of PDA
demonstrated the efficacy of these medications in clos-
ing PDA, but did not impact major outcomes such as

Table 1 Demographic and resuscitative data of the studied population

PDA Non-PDA P
valueN = 87 N = 65

Sex Female 45(51.7%) 31(47.7%) 0.623

Male 42(48.3%) 34(52.3%)

Gestational age (weeks) 31.4 ± 2.2 31.9 ± 1.7 0.141

Birth weight (kg) 1.5 ± 0.4 1.5 ± 0.3 0.519

NVD 24(27.6%) 26 (40%) 0.107

CS 63(72.4%) 39 (60%)

PIH 13(14.9%) 5 (7.7%) 0.171

PROM 23(26.4%) 18(27.7%) 0.863

APH 12(13.8%) 0 (0%) 0.002

Maternal steroids 36(41.4%) 28(43.1%) 0.834

Apgar score less than 5 at 1 min 27 (31%) 11(16.9%) 0.047

Resuscitative measure Routine care 33(37.9%) 39 (60%) 0.06

Free flow oxygen 33(37.9%) 16(24.6%)

PPV 17(19.5%) 9 (13.8%)

Cardiac compression 4 (4.6%) 1 (1.5%)

Length of NICU stay(day) 17 ± 5 20.5 ± 6.9 0.176

Outcome (death) 44 (50.6%) 21 (32.3%) 0.021

p value is considered significant if < 0.05
Abbreviations: NVD Normal vaginal delivery, CS Cesarean section, PIH Pregnancy-induced hypertension, PROM Premature rupture of membrane, APH
Anti-partum hemorrhage

Table 2 Comorbidities of the studied population

PDA
N = 87

Non-PDA
N = 54

P value

Sepsis 80 (92%) 50 (76.9%) 0.009*

NEC 17 (19.5%) 14 (21.5%) 0.762

Apnea 10 (11.5%) 12 (18.5%) 0.227

Pulmonary hemorrhage 23 (26.4%) 7 (10.8%) 0.016*

IVH 35 (40.2%) 17(26.2%) 0.070

BPD 3 (3.4%) 3 (4.6%) 0.726

*p value is considered significant < 0.05
Abbreviations: NEC Necrotizing enterocolitis, IVH Intraventricular hemorrhage,
BPD Broncho-pulmonary dysplasia
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mortality, CLD, NEC, and neurodevelopmental outcome
[1].
In spite of the findings that acetaminophen showed

promising results in closing PDA, there have been con-
cerns about its effect on brain development and func-
tion. Without long-term outcome studies, the use of
acetaminophen is still investigational [18].
Similarly, surgical ligation has not been shown to im-

prove mortality and the incidences of certain morbidities
associated with the procedure including vocal cord par-
alysis, thoracotomy, chylothorax, pneumothorax, scoli-
osis, retinopathy of prematurity (ROP), and most
importantly increased incidences of cognitive delay and
neurosensory/neurodevelopmental impairment are not
uncommon. These findings caused reluctance to expose
premature infants to the possible risks associated with
surgical ligation whereas the benefit of PDA closure is
still considered theoretical. For these reasons, a recent
clinical report from the American Academy of Pediatrics
attested that early and routine PDA treatment does not
improve long-term outcome and that the value of select-
ive treatment remains uncertain [1].
Hemodynamically significant PDA (hsPDA) is ob-

served in more than 30% of premature infants with ges-
tational age of 32 weeks [5]. Early identification of
preterm infants who will subsequently fail to achieve
ductal closure allows early initiation of intervention and

reduces treatment failure. The diagnosis of
hemodynamically significant ductal patency requires
echocardiographic assessment. However, the definition
of hemodynamically significant patent ductus arteriosus
remains controversial [19].
Sehgal and Meneham [14] considered PDA as

hemodynamically significant according to the following
echocardiographic criteria: PDA diameter> 3 mm, LA:
Ao > 1.5, LVO:SVC ≥ 4, PDA:LPA ≥ 1, EDLPAv > 30
cm/s, PDA Vmax < 1.5 m/s .
Yoo et al. [20] defined hsPDA if PDA had a transduc-

tal diameter ≥ 1.4 mm/kg with significant left to right
shunt confirmed by echocardiography. Presence of clin-
ical symptoms due to hsPDA was defined as at least one
of the three following clinical symptoms: oliguria ≤ 1
mL/kg/h in the preceding 8 h before ibuprofen treat-
ment, hypotension caused by PDA requiring inotropics
more than 10 μg/kg/min or respiratory difficulty requir-
ing invasive mechanical ventilation.
Schwarz et al. [21] defined hsPDA if there was a left-

to-right shunt through PDA confirmed by echocardiog-
raphy and at least 3 of the following 6 criteria were met:
LA/Ao-ratio > 1.5, PDA diameter ≥ 1.5 mm/kg body-
weight, need of respiratory support (mechanical Ventila-
tion or continuous positive airway pressure with
supplemental oxygen), reverse, or zero end diastolic flow
in ACA (= RI_ACA ≥ 1), LVPEP/LVET < 0.32.

Table 3 Demographic and resuscitative data of PDA groups

HSPDA
N = 33

Non-HSPDA
N = 54

P value

Sex Female 16(48.5%) 29 (64.4%) 0.636

Male 17(51.5%) 25 (55.6%)

Gestational age (weeks) 31.1 ± 2.2 31.7 ± 2.2 0.203

Birth weight (kg) 1.4 ± 0.3 1.5 ± 0.4 0.235

NVD 10(30.3%) 14 (31.1%) 0.658

CS 23(69.7%) 40(88.9%)

PIH 2 (6.1%) 11 (24.4%) 0.039

PROM 9 (27.3%) 14 (31.1%) 0.890

APH 6 (18.2%) 6 (13.3%) 0.359

Maternal steroids 9 (27.3%) 27 (60%) 0.037

Poor Apgar score 11(33.3%) 16 (35.6%) 0.717

Resuscitative measure Routine 10(30.3%) 23 (51.1%) 0.487

PPV 6 (18.2%) 11 (24.4%)

Free flow oxygen 16(48.5%) 17 (37.8%)

PPV + Cardiac compression 1(3%) 3 (6.7%)

length of NICU stay (days) 17.8 ± 5.2 18.1 ± 5.4 0.906

Outcome (death) 22 (66.7%) 22 (42.6%) 0.029

p value is considered significant < 0.05
Abbreviations: NVD Normal vaginal delivery, CS Cesarean section, PIH Pregnancy-induced hypertension, PROM Premature rupture of membrane, APH
Anti-partum hemorrhage
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The complications of hsPDA transcend heart failure to
involving several organs leading to need for respiratory
support, need for supplemental oxygen, prolonged
mechanical ventilation, bronchopulmonary dysplasia,
pulmonary hemorrhage, intraventricular hemorrhage,
abnormal cerebral perfusion, necrotizing enterocolitis,
and increased mortality [22].

Although none of the studies could prove a cause-
and-effect relationship between PDA and these mor-
bidities, it is biologically plausible that a significant
shunt across PDA causes fluctuation in cerebral blood
flow contributing to the pathogenesis of IVH, persist-
ently increased volume in pulmonary vascular bed
leading to CLD, and steal from splanchnic circulation
producing NEC [11].
One hundred fifty-two preterm babies ≤ 34 weeks ges-

tation admitted to NICU over 6 months period were in-
cluded in the present study, 87 babies (57.2%) had PDA,
33 (37.9%) of them had hemodynamically significant
PDA, while 54 (62.1%) babies had hemodynamically
non-significant PDA and 65 babies (42.8%) did not have
PDA.
Our results came in concordance with Danfang et al.

[23] who studied 105 neonates ≤ 34 weeks gestational
age and found 34 (43.5%) having hsPDA, 44 (56.5%) hav-
ing non-hsPDA and 27 (25.7%) having no PDA.
Khositseth et al. [24] reported that prevalence of

hsPDA among his preterm population babies was 29.3%,
non-hsPDA was 20.7%, and 50% did not have PDA.

Fig. 1 Pulmonary hypertension frequency in studied population

Table 4 Comorbidities between HSPDA group and non HSPDA
group

HSPDA
N = 33

Non-HSPDA
N = 54

P value

Sepsis 32 (97%) 48 (88.9%) 0.245

NEC 6 (18.2%) 11 (20.4%) 0.803

Apnea 3 (9.1%) 7 (13%) 0.736

Pulmonary hemorrhage 13 (39.4%) 10(18.5%) 0.032*

IVH 16 (48.5%) 19 (35.2%) 0.220

BPD 2 (6.1%) 1 (1.9%) 0.554

*p value is considered significant < 0.05
Abbreviations: NEC Necrotizing enterocolitis, IVH Intraventricular hemorrhage,
BPD Broncho-pulmonary dysplasia
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On the other hand, El-Saiedi et al. [25] found that
prevalence of hemodynamically significant PDA among
her study population was 52% which was higher than in
our study (37.9%). This may be explained by that the
gestational age of included preterms was 32 weeks ver-
sus 34 weeks in the current study.
When we compared demographic data of PDA vs

non-PDA group and hsPDA vs non-hsPDA we did not
find any significant difference between the two groups,
apart from APH which was higher among mothers of
PDA group and PIH which was higher among hsPDA
group (P = 0.002,0.039 respectively).
Okur et al. [26] studied a total of 119 patients with

gestational age ≤ 32 weeks and birth weight ≤ 1500 gms,
his results contrasted with ours regarding birth weight
which was lower in hsPDA but agreed with our results
concerning length of NICU stay which did not differ sig-
nificantly between the two groups.
In the current study, PDA group depicted poor Apgar

scores (less than 5 at 1 min) when compared to non-
PDA group (P = 0.047). Okur et al [26] and Lee et al
[27] reported similar results.
The number of babies who needed CPAP or were

mechanically ventilated and duration of mechanical ven-
tilation were significantly higher in hsPDA when com-
pared to non-hsPDA group (P = 0.007, 0.003, 0.001,
respectively). This came in agreement with Okur et al
[26] who found that the duration of mechanical ventila-
tion was longer in the hsPDA group when compared to
non-hsPDA group.
Our study revealed more babies suffered metabolic

acidosis and had high lactate level in PDA and hsPDA
groups (P = 0.001, < 0.001, respectively). This came in
contrast with El-Saiedi et al. [25] study which did not
find difference in serum lactate level between hsPDA
and non-hsPDA.
According to the present study, hemodynamic param-

eters: tachycardia, hypotension, wide pulse pressure
measured on day 3 of life, were found significantly
higher in the PDA and hsPDA group vs non-PDA and
non-hsPDA (P = 0.009, 0.005, 0.001, 0.038, 0.001, 0.001),
respectively; these results coincided with those of Seghal
and Menahem [14] who found that diastolic and mean
blood pressure in his studied population were signifi-
cantly lower whereas pulse pressure was significantly
higher in hsPDA when compared to non-hsPDA and no
PDA group (P = 0.005). On the other hand, Benitz et al.

[8] did not find any difference in the heart rate between
hsPDA and non-HSPDA.
Lee JA et al. [27] stated that the core issue in manage-

ment of PDA is to select patients who will benefit from
the pharmacological and surgical ligation using epi-
demiological, clinical, and echocardiographic data, to
avoid the unnecessary adverse consequences of such
modalities. Controversy still remains regarding the bene-
fit of treating PDA in preterm infants and studies are
providing contradictory results.
Sehgal and Menahem [14] recommended that in prac-

tice PDA size on echocardiogram, chronic lung disease,
and prolonged ventilation should be taken into consider-
ation regarding the management of PDA.
In the current study, 29 preterm infants had

hemodynamically significant PDA and received first
course of paracetamol 15 mg/kg/6 h for 3 days. Of them,
20 (68.9%) cases closed, 9 babies failed closure and re-
ceived 2nd course paracetamol. Four of them (13.7%)
closed, 5 babies (50%) failed closure after 2nd course
paracetamol and were assigned for device closure by
catheterization or surgical ligation.
Our treatment strategy coincided with Pharandi et al

[19]. Twenty babies whose gestational age ≥ 25 weeks
suffering from PDA were included in his study; 10 ba-
bies (50%) closed after first course paracetamol; 10 ba-
bies failed closure and received second course
paracetamol; of them, 4 closed and 6 failed closure after
second course [28].
On the other hand, Bagheri et al. [29] treated 67 ba-

bies whose gestational age < 37 weeks with paracetamol
for duct closure; 82% of his studied population closed
after first course. Second course was given to those who
failed closure; of them, 50% closed. We attributed differ-
ence between our results and this is regarding PDA clos-
ure rate after 1st course paracetamol to the higher
gestational age of his studied population which was < 37
weeks gestation vs ≤ 34weeks of our population. Accord-
ingly, some of his babies would have undergone spon-
taneous closure regardless of paracetamol administration
[28].
Regarding comorbidities and complications reported

in the current study, sepsis and pulmonary hemorrhage
were significantly associated with PDA when compared
to non-PDA group (P = 0.009, 0.016, 0.07), respectively.
Pulmonary hemorrhage was significantly associated with
HS PDA when compared to non-hsPDA (P = 0.031).

Table 5 Medical treatment of HSPDA group

HSPDA
(N = 33)

Success of closure Failure of closure

One course paracetamol 29(87.9%) 20 (69%) 9 (31%)

Two course paracetamol 9 4 (44.5%) 5 (55.5%)
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This data came in agreement with Okur et al. [26] who
reported no difference in early neonatal sepsis, IVH,
BPD between hsPDA and non-hsPDA groups.
However, Lee et al. [27] found more infants suffering

from early sepsis in the PDA group when compared with
the non-PDA group. Visconti et al. [30] concluded that
late sepsis was significantly coexisting with hsPDA. In
his study, four infants had re-opening of ductus arterio-
sus and three other infants developed PDA in the course
of late sepsis attacks which may be explained by the ef-
fects of cytokines released during sepsis.
We found that more babies died in PDA group when

compared to non-PDA group and more babies suffering
from hsPDA died compared to non-hsPDA; however, we
do not attribute this to PDA nor can we prove a cause
effect relationship.
This data comes in agreement with the studies of

Okur et al. and Visconti et al. [26, 30] which revealed
that hsPDA patients have higher mortality rate com-
pared with non-hsPDA patient. On the other hand,
Okur et al. [26] reported no significant difference be-
tween hsPDA group and non-hsPDA groups regarding
mortality.

Conclusion
Management of patent ductus arteriosus in preterm in-
fants is controversial topic. There are no generally ac-
cepted guidelines for diagnosis, management, or follow-
up. Echocardiographic evaluation should be done for all
preterm babies. The definition of hemodynamic signifi-
cance varies because of the use of different echocardio-
graphic criteria. The detailed risks and benefits of
available treatment alternatives are still under investiga-
tion. An individualized therapeutic strategy with especial
emphasis on identification of hemodynamically signifi-
cance seems to be the way forward. There has been a
general shift in the management of PDA in preterm neo-
nates from the aggressive approach to a more conserva-
tive approach. Paracetamol offers several important
therapeutic advantages over current treatment options
being well tolerated and having more favorable side ef-
fect profile. Future prospective studies are needed to de-
termine if conservative management of PDA without
medical or surgical intervention is associated with in-
creased mortality or chronic lung disease and which sec-
tor of preterm babies would benefit from PDA
treatment. We should not expose vulnerable population
of premature infants to medication with known side ef-
fects unnecessarily, we should limit medical closure of
PDA to hsPDA.
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