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INTRODUCTION

Ductus arteriosus is the arterial connection between
pulmonary artery and aorta that shunts blood away
from lungs during fetal life. The constriction of smooth
muscle in the ductus structure causes the functional
closure of the ductus by luminal constriction in the first
24 h. The permanent closure is the result of degeneration
and fibrosis of subintimal layers in a few weeks. In the
preterm infant, persistent patency of the arterial duct
is usually a result of hypoxia or immaturity, with the
ductus usually having a normal structure.!*

Incidence of patent ductus arteriosus (PDA) is inversely
correlated both with gestational age and birthweight.['*!
The incidence of PDA is 45% in preterm infants under
1750 g and 80% under 1200 g.1**/ In preterm infants, PDA s
associated with significant morbidity due to hemodynamic
instability. Those patients with significant hemodynamic
changes may present congestive heart failure or in the

long-term may develop irreversible changes in pulmonary
vascularity leading to pulmonary hypertension.l”’ There
may be significant co-morbidity including pulmonary
edema and bleeding, bronchopulmonary dysplasia
(BPD), intraventricular hemorrhage (IVH) bleeding,
necrotizing enterocolitis (NEC), feeding intolerance and
retinopathy of prematurity (ROP).”! However, in recent
articles the effect of ductus closure on mortality and
morbidity is a controversial issue.'*? The objective of
this study is to evaluate the efficacy of intravenous (IV)
and oral ibuprofen preparations on ductal closure in PDA
and to determine whether the presence, hemodynamic
significance and particularly treatment of PDA had any
effects on mortality and BPD apart from the underlying
neonatal characteristics.

MATERIALS AND METHODS

Patient populations
The medical records of 292 premature infants treated
at Ege University Neonatal Intensive Care Unit (NICU)
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between January 1, 2008 and December 31, 2010 were

retrospectively evaluated. The inclusion criteria were the

following;:

1. Born at the Ege University Hospital or transferred to
Ege University NICU within 72 h following the birth,

2. performance of echocardiography within 24-72 h of life,

gestational age <34 weeks,

4. absence of congenital anomalies, including congenital
heart disease other than PDA.

w

Demographic details including maternal problems,
gestational age, gender, Apgar scores, early and late-onset
sepsis, BPD, mortality and the presence or treatment of PDA
were collected. Ethical Committee approval was obtained
from Ege University with the Ethical Committee decision
number of 11-12.2/4.

Diagnosis of patent ductus arteriosus

Asa partof the routine protocol of our unit, echocardiography
was performed in the first 48-72 h of life in all preterms
admitted to NICU by the same pediatric cardiologist
(2.U.). Hemodynamically significant PDA (hsPDA) was
defined with the echocardiographic evidence of ductal
lumen over 1.5 mm and left atrium diameter (LA)/aortic
root diameter (Ao) ratio over 1.4 and documentation of
left to right shunt.'*!*l Patients with hemodynamically
insignificant PDA (hiPDA) were not given any medical
treatment but were followed up echocardiographically for
ductal closure. Infants with no prior evidence of Hs PDA
who had developed clinical symptomatology after the first
72 h of life we re-evaluated with echocardiography.

Treatment of patent ductus arteriosus

Medical therapy for hsPDA was given either as IV or oral
ibuprofen as a dose of 10 mg/kg/g for the 1** day and 5 mg/
kg/g for the second and 3 day that comprises one course
of treatment. All the patients treated for PDA had needed
respiratory support. In 2008, IV ibuprofen was quite
expensive and difficult to find in markets of Turkey and oral
ibuprofen have frequently been used since earlier reports
showed successful ductal closure with oral ibuprofen.'™ In
the following year both preparations were available, and
the choice of medical treatment for PDA was according
to individual physician practice. On the 4* day of IV
treatment, closure of ductus arteriosus was re-evaluated
by echocardiography to decide for the requirement of an
additional course of ibuprofen. Patients who failed first oral
ibuprofen course therapy was changed to IV ibuprofen up to
two courses. The surgical ligation was performed in patients
unresponsive to three courses of treatment.

Diagnosis of complications
Clinical sepsis was defined as documentation of infection
with a serious systemic illness in which noninfectious
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explanations for the abnormal pathophysiologic state are
excluded or unlikely. By definition, in early clinical sepsis
clinical signs appear in the first 5 days and in late sepsis
>5 days.!"!

Respiratory distress syndrome (RDS) was diagnosed
clinically with early respiratory distress manifested
with cyanosis, grunting, retractions and tachypnea. The
diagnosis was confirmed with blood gas analysis and chest
X-ray with a classical “ground glass” appearance and air
bronchograms. Surfactant therapy was administered as
described in European Consensus Guidelines and American
Academy of Pediatrics.!"” 18! Surfactant therapy was applied
prophylactically or as rescue therapy to reduce the risk of
neonatal mortality."¥! Rescue surfactant was most often
administered within the first 12 h after birth when specified
threshold criteria for RDS were met.

Bronchopulmonary dysplasia was defined according to
universal guidelines in infants with prolonged oxygen
requirement and accompanying radiological changes.!"”!
Infants born before 32 weeks of gestation had standard
Vitamin A supplement by intramuscular injection of 5000 IU
on 3 days/week for 4 weeks.?" Caffeine was given prior to
extubation to prevent extubation failure.

Statistics

The data were analyzed using SPSS for Windows, Version,
15.0 (Chicago,SPssInc. USA). Data were summarized as
percents, means * standard deviation or median and
interquartile ranges (IQRs) where appropriate.

The normal distribution of cases is analyzed by Shapiro-Wilk
test. The comparison of categorical data set was performed
with Chi-square test. Logistic regression analysis was
performed for the analysis of risk factors. In not normally
distributed data Mann-Whitney U-test was utilized for
comparison. In comparison of more than two groups
Kruskal-Wallis test was used. In normally distributed
data, two groups were compared with Student’s ¢-test and
analysis of variance was used for the comparison of more
than two groups. In the analysis of variance, Bonferroni test
was used for post-hoc analysis.

RESULTS

Incidence of patent ductus arteriosus

Two hundred and ninety-two preterm infants eligible for
the study were admitted to our NICU for the 3 years of
study period. PDA was diagnosed by echocardiography in
145 patients, of whom 78 (53.7%) had hsPDA [Figure 1]. In
whole patients (1 = 292), 50 of them were under 28 weeks
of gestation and 62% (1 =31) had hsPDA; 120 of them were
between 28 and 31 weeks of gestation and 25% (1 = 30) had

| November 2014 |



Terek, et al.: PDA treatment and neonatal prognosis

hsPDA and 122 of them >31 weeks of gestation and 13%
(n =17) had hsPDA (P < 0.001).

Of the 78 of patients with hs PDA; 23 (29.5%) on
supplemental oxygen, 13 (16.7%) was on continuous
positive airway pressure, 42 (53.8%) was intubated on
Synchronized intermittent mandatory ventilation.

The study diagram showing study subgroups and treatment
response is given in Figure 1. Clinical variables of subgroups
are demonstrated in Table 1. The gender difference was
insignificant with respect to hsPDA. Mean birth weight and
mean gestational age of patients without PDA were higher
than hsPDA and hiPDA subgroups (P < 0.001, P < 0.001)
[Table 1].

The frequencies of antenatal corticosteroid use, tocolytic
therapy and premature rupture of membranes (PROM)
were similar (P = 0.68), (P = 0.19), (P = 0.39). 5% min Apgar
scores were inversely correlated with the presence of
PDA (P < 0.01). Late sepsis, unlike the early sepsis, was
significantly correlated with PDA status (P = 0.03) and
(P=0.74).

Echocardiographic findings
The mean ductus diameter was significantly higher in
hsPDA group than hiPDA group as expected (P < 0.05)

[Table 1]. The ductus diameters were not significantly
different between oral and IV ibuprofen groups (P = 0.081)
[Table 2].

Treatment with surfactant

Prophylactic or rescue surfactant was given to 91 patients
with the diagnosis of RDS, of whom 56 (73.7%) had hsPDA.
The presence of RDS, surfactant therapy, BPD development
and mortality rates were significantly higher in patients
with hsPDA (P < 0.001) for all [Table 1].

Treatment with ibuprofen

Thirty-two patients received oral ibuprofen and 44 patients
had IV ibuprofen. The response rates were 93.7% and
91.3% to oral ibuprofen and IV ibuprofen treatments,
respectively. One of the two preterm infants who were
unresponsive to oral ibuprofen therapy was successfully
treated with IV ibuprofen therapy. The median postnatal
age at the start of the first treatment was 2 days (min =1,
max =14, IQR =1).

The other patient did not respond to treatment well and
had surgical ductal ligation procedure. Three other patients

Table 1: The clinical variables of patients

Total study group

N=292
[
Patients without Patients with PDA
PDA N = 147 N=145

Spontaneous closure
is confirmed by~ —— hiPDAN=67 | [nsPDAN=78]
echocardiography in all |

Intravenous
ibuprofen due to | — 1| Surgical |p _ 3|Intravenous
OraIAIIb_ugrzofen unresponsiveness > Treatment |« Ibuprofen*
B to oral therapy N=4 N=44
N=2

| ,

Mean ductus
diameter

Mean ductus

diameter

2.31 £ 0.57 mm 25+ 1 mm

LA/Ao ratio 1.43 £ 0.17 LA/Ao ratio 1.7 £ 0.2.

A4 A4
Mean ductus Mean ductus
diameter diameter
2.93+1.1 mm 2.08 £ 0.39 mm

LA/Ao ratio + 1.4 0.14 LA/Ao ratio 1.60 + 0.23

Figure 1: Study diagram showing study subgroups. LA/Ao = Ratio of left
atrium diameter to aortic root diameter; hsPDA = Hemodynamically significant
patent ductus arteriosus; hiPDA = Hemodynamically insignificant patent ductus
arteriosus
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The clinical No PDA®  hiPDA® hsPDA° P
variables (n=147) (n=67) (n=78)
Mean gestational 31.04+2.3° 28.81+2.9° 27.86+2.7° 0.001 (a-b)
age (week) 0.008 (a-c)
1.00 (b-c)
Mean birthweight 166945312 1465+544° 1100+434°> 0.001 (a-b)
(8) 0.04 (a-c)
1.00 (b-c)
Male /female ratio 64/83 25/42 39/39 0.41
Apgar 1 min 5.72+2.2 5.15+2.1 3.86+1.46 0.36
Apgar 5 min 8.1+1.52 8+1.52 6.8+1.9*  0.001 (a-b)
0.01 (a-c)
0.102 (b-c)
Tocolysis, n (%) 63 (42.9) 39 (58.2) 39 (50.6) 0.19
PPROM, n (%) 45 (30.6) 18 (26.9) 29 (37.2) 0.39
Antenatal steroid, 79 (53.7) 41 (61.2) 41 (52.6) 0.68
n (%)
Mean ductus - 1.2+0.52 2+0.53 0.001
diameter (mm)
RDS-surfactant, 28 (19.0) 27 (40.3) 56 (71.8) 0.001 (a-b)
n (%) 0.001 (a-c)
0.001 (b-c)
BPD, n (%) 9 (6.1) 5 (7.5) 21 (26.9) 0.764 (a-b)
0.001 (b-c)
0.001 (a-c)
Sepsis, n (%) 54 (36.7) 32 (47.7) 42 (53.8) 0.25
Mortality, n (%) 11 (7.5) 9 (13.4) 20 (25.6) 0.205 (a-b)
0.001 (a-c)
0.067 (b-c)

2Stands for no PDA group; *Stands for hiPDA group; °Stands for hsPDA group for
expressing the P values between groups. PPROM = Prolonged premature rupture
of membranes; BPD = Bronchopulmonary dysplasia; RDS = Respiratory distress
syndrome; PDA = Patent ductus arteriosus; hiPDA = Hemodynamically insignificant
patent ductus arteriosus; hsPDA = Hemodynamically significant patent ductus
arteriosus
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who were unresponsive to repeated IV ibuprofen treatment
underwent surgical ductal ligation. These four infants who
required surgical closure had ductus diameters of 2, 2, 2,
4 mm; were 880, 1090, 800, 1200 g and 27, 27, 25 and 30
gestational weeks. Three infants who had surgical ductal
closure were discharged from hospital, but one infant
died during the operation [Figure 1]. All 65 infants with
hiPDA findings on echocardiography had spontaneous
PDA closure. There were no serious adverse effects of
ibuprofen treatment necessitating interruption of therapy.
The minor side-effects were feeding intolerance in 7 cases,
mild thrombocytopenia in 4 cases and mild creatinine
elevation in 8 cases.

Patent ductus arteriosus was diagnosed after the 7* day
in 7 patients, all of whom were in the late sepsis episodes.
Four other preterms who were previously treated for PDA
had late sepsis associated with PDA reopening and all
responded again to ibuprofen treatment.

Mortality and morbidity

Hemodynamically significant PDA was related to
significantly higher mortality rate (25.6%) compared with
hiPDA (13.9%) and patients without PDA (7.5%) (P =
0.001). However; when individual effects of gestational
age, birthweight, gender, sepsis, Apgar scores, no PDA,
hiPDA, hsPDA, oral and IV therapies were analyzed with
stepwise logistic regression. With stepwise forward logistic
regression; 5" min Apgar score (odds ratio [OR], 1.321,
95% confidence interval [CI], 1.063-1.641, P = 0.012) and
gestational age (OR, 1.422, 95% CI, 1.212-1.662, P < 0.001)
were the only significant variables associated with mortality.
Gestational age (OR, 0.680, 95% CI, 0.531-0.871, P = 0.002)
was the only significant variable associated with BPD shown
with logistic regression [Table 3].

DISCUSSION

Ductus arteriosus, which has a very important role in fetal
circulation generally, closes in the first few days of life
in term neonates. However in preterm infants functional
closure of the ductus arteriosus is more difficult due to
oxygen insensitivity of immature ductal tissues.***! The
presence of PDA is negatively correlated with gestational
age and birthweight.l*? In this study, PDA was present
in 145 out of 292 preterm infants (48.4%); of whom 78 had
hsPDA. Mean birth weight and mean gestational age were
negatively correlated with the presence of PDA and hsPDA
(P <0.001).

Respiratory distress syndrome, perinatal asphyxia and
excessive fluid replacement in first few days of life
increase the risk of hsPDA in preterm infants. Infection
and inflammatory cytokines delay ductus closure and/or
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Table 2: Clinical features of hsPDA patients who had
intravenous or oral ibuprofen treatment

Clinical features Oral ibuprofen Intravenous P
ibuprofen
Treatment Treatment
group (n=32) group (n=44)

Gestational age (weeks) 30.4£2.5 27.4%2.4 <0.001*
Birthweight (g) 1396+426 1014£357 <0.001*
Apgar scores at 1 min 5.47+1.8 4.63+2.2 0.80
Apgar scores at 5 min 7.29+1.7 6.77+1.9 0.24
Ductal size (mm) 2.25%0.56 2.05+0.39 0.1
LA/Ao ratio 1.43+0.17 1.60+0.22 0.02*
Late sepsis, n (%) 9 (28.1) 33 (75) 0.003*
BPD, n (%) 4 (12.5) 17 (38.6) 0.007*
RDS /surfactant, n (%) 20 (62.5) 36 (81.8) 0.07
Mortality, n (%) 6 (18.8) 14 (31.8) 0.09

*Statistically significant. LA/Ao = Ratio of left atrium to aortic root;
BPD = Bronchopulmonary dysplasia; RDS = Respiratory distress syndrome;
hsPDA = Hemodynamically significant patent ductus arteriosus

Table 3: The results of forward stepwise logistic
regression analysis for mortality and bronchopulmonary

dysplasia
Parameters OR 95% CI P
Mortality
Gestational age 1.422 1.217-1.662 0.001
Apgar at 5 min 1.321 1.063-1.641 0.012
Broncopulmonary dysplasia
Gestational age 0.680 0.531-0.871 0.002
Birthweight 0.998 0.996-1.000 0.029

The analysis included the variables of gestational age, birthweight, gender, Apgar
scores at 1 and 5 min, the presence of sepsis, patients without patent ductus arteriosus,
patients with insignificant and significant patent ductus arteriosus, oral and intravenous
treatments of patent ductus arteriosus. OR = Odds ratio; Cl = Confidence interval

causing re-opening of ductus arteriosus in later stages.*!!
The use of surfactant in RDS improves pulmonary disease,
decreases pulmonary vascular resistance; however,
increases the risk of left-to-right shunt. Kumar et al.[*
showed that newborn infants treated with surfactant were
more likely to have hsPDA, larger transductal diameters
and increased frequency of therapeutic interventions to
close the ductus. The administration of antenatal steroids
decreases the frequency of RDS and symptomatic PDA
both.?' However; Kesiak et al.1*®! did not find such relation.
In our study group, antenatal steroid use was not related to
the incidence of PDA and patients with hsPDA had higher
rates of low Apgar scores at 5 min, RDS and surfactant
therapy [Table 1]. Therefore, we conclude that asphyxia,
RDS and surfactant treatment increase the risk of hsPDA.
We also showed that sepsis specifically late sepsis was
concerned with the hsPDA. Four infants had re-opening of
ductus arteriosus and three other infants without previous
PDA, developed PDA in the course of late sepsis attacks.
Both situations may be explained by the effects of cytokine
release during sepsis. However, hsPDA frequency was not
related to PROM or early sepsis.
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Echocardiographic criteria for hsPDA are ductus diameter
over 1.5 mm (1.5-2.0 mm), LA/Ao ratio over 1.4 (1.5-1.3) the
presence of left-to-right shunt.>>1424 In the present study,
the mean PDA diameter is 2.2 + 0.5 and LA/Ao ratio is
1.5 + 0.2 in preterms who received medical treatment due
to hsPDA. The mean ductus diameter was higher in this
group compared with hiPDA group who had spontaneous
ductal closure (P < 0.001).

After the diagnosis of PDA the treatment alternatives are
conservative management, pharmacological therapy and
surgical ligation. Medical closure of PDA is often performed
for very low birth weight infants with hsPDA with the hope
of decreasing mortality and morbidity./*

Oral administration of ibuprofen in very preterm infants
is associated with excellent absorption, and it is easy to
administer and inexpensive and may be an alternative
for IV administration.l’>*! In some studies, IV ibuprofen
is shown to be effective when there is no response to oral
ibuprofen.?”! Cherif et al.?! compared oral and IV routes of
ibuprofen and declared similar rates of ductal closure with
oral ibuprofen, however oral route was associated with
fewer adverse effects. Gokmen et al.”! claimed that oral
ibuprofen was more effective than IV ibuprofen for ductal
closure in infants with very low birth weight. In a large scale
study of Olukman ef al.*” oral ibuprofen therapy was found
as efficacious as IV ibuprofen with some concerns about
increased sepsis and BPD incidence. On the other hand,
IV ibuprofen was used in smaller infants in this study, and
increased frequency of hypernatremia was observed.

In the present study, Apgar scores at the first and 5™
min and ductal diameters were similar between IV and
oral treatment groups. However, the patients in the IV
ibuprofen group had significantly higher sepsis and BPD
rates indicating that clinicians tend to choose IV treatment
for the sicker infants [Table 2]. However, the response rates
were similar to findings those of 93.7% for oral ibuprofen
and 91.3% for IV ibuprofen. No serious side-effects that
might cause the cessation of treatment occurred during the
courses of two types of medical therapies.

Although both indomethacin and ibuprofen are
demonstrated to be effective for PDA closure, the issue
of the requirement for ductal closure is controversial. In a
recent Cochrane meta-analysis, the ductal closure has been
shown to have no beneficial effect on NEC, ROP, BPD, IVH,
periventricular leukomalacia and mortality comparing
placebo and treatment groups.?!! Mortality and morbidity
in premature infants are not well explained by PDA itself,
treatment of PDA or prematurity.’” In the present study,
mortality and BPD incidence were significantly higher
in premature infants with hsPDA despite closure with
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medical or surgical treatment [Table 1]. On the other hand,
logistic regression analysis showed that it was not hsPDA
and treatment choices, which were effective in mortality.
Moreover, BPD is significantly associated with lower
gestational age, but not with hsPDA and treatment choices
on logistic regression analysis [Table 3].

These findings point out that even with successful closure
of PDA, poor outcomes related to asphyxia, prematurity,
low birth weight and sepsis may not be prevented.

CONCLUSION

Hemodynamically significant PDA is encountered more
frequently in very low birth weight infants, who also
have RDS and need surfactant therapy. Both oral and
IV preparations of ibuprofen are effective with minimal
side-effects while hiPDA close spontaneously; therefore
treatment decision should be individualized. However,
to introduce a medical treatment for PDA is controversial
because of inconclusive effects of treatment on mortality
and morbidity.
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