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Abstract

Introduction: Patent ductus arteriosus (PDA) is one of the most common
cardiac problems in preterm neonates which could lead to morbidities, such as
chronic lung disease, intraventricular hemorrhage and retinopathy. The aim of
this study was to evaluate the effect of oral acetaminophen on closure of PDA
in preterm neonates. Methods: Sixty-nine neonates with significant PDA
(confirmed through echocardiography) were recruited in this study. lbuprofen
and indomethacin were contraindicated in these neonates These newborns
were randomly divided into two groups of cases (n=36) and controls (n=33).
The case group was treated with oral acetaminophen at a dose of 15 mg/kg/
dose every 6 hours for 72 hours. The control group did not receive any
intervention. After 72 hours, both groups were re-evaluated by
echocardiography. In case of failed closure of PDA, the second course of
treatment would be administration of acetaminophen. The main outcome of
this study was to evaluate the rate of closure of PDA and the side effects of the
acetaminophen. Results: The overall rate of PDA closure in the
acetaminophen-receiving group was 94.4%; the ductus arteriosus was closed
in 75% of patients with the first course of treatment. Moreover, 19.4% of
patients did not respond to the first course of the treatment but their ductus
arteriosus was closed with the second course of acetaminophen treatment. Of
the patients, 5.6% did not respond to both courses of acetaminophen
treatments. For the control group, the closure rate of PDA was 15.1%.
Conclusion: The results of the study showed that oral acetaminophen is an
effective alternative treatment for PDA in preterm neonates.
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Introduction

Patent ductus arteriosus (PDA) is one of the most common cardiac problems in
premature infants. The prevalence of this condition in neonates with gestational
age less than 28 weeks is about 60-70% (Koch et al., 2006). During the fetal
period, the major portion of pulmonary arterial blood is shunted to aorta
through the ductus arteriosus. The closure of the ductus arteriosus after birth is
an essential part of the adaptation of the circulation to extrauterine life. In most
term neonates, ductus arteriosus is functionally closed within 24 hours after birth
(Gournay, 2011); however, patent ductus arteriosus is a common problem among
preterm newborns with respiratory distress syndrome (RDS).

Ductal patency after birth in premature infants is associated with an increased
risk of morbidities, such as necrotizing enterocolitis, bronchopulmonary
dysplasia, retinopathy of prematurity, pulmonary hemorrhage, intraventricular
hemorrhage (IVH), and neurodevelopmental disability (Dollberg et al., 2005;
Bose and Laughon, 2007; Clyman et al., 2012). Currently, the first treatment for
PDA includes non-specific cyclooxygenase inhibitors (indomethacin, ibuprofen)
along with diuretics and fluid restriction. The chance of PDA closure after
consuming ibuprofen or indomethacin is estimated to be 70 to 85% (Jones et
al.,, 2010). One of the side effects of these two drugs is transient renal
dysfunction such that creatinine clearance decreases for 6 weeks after
administration of these two drugs, resulting in an increase of serum creatinine
levels (Vieux et al., 2010; George et al., 2011). Animal studies on monkeys have
also shown that there is an association between ibuprofen consumption and
decrease in width of the nephrogenic zone in kidneys which may reduce
nephrogenesis (Sutherland et al., 2012).

On the other hand, there are several contraindications for ibuprofen and
indomethacin administration including thrombocytopenia, IVH, renal failure (due
to decreased renal perfusion), necrotizing enterocolitis (NEC), concomitant
administration of corticosteroids (risk of perforation of the intestines) and
hyperbilirubinemia (competitive binding of albumin) (Soligard et al., 2010). Most
of these contraindications are related to the pharmacological effects of these
drugs (Anderson, 2008). Therefore, it is more desirable to administer drugs with
less contraindications and side effects.

Several studies have shown that administration of acetaminophen at a dose of
60 mg/kg/day leads to closure of the PDA (Hammerman et al., 2011; Oncel et
al., 2013; Yurttutan et al., 2013). Through inhibiting peroxidase sites,
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acetaminophen decreases prostaglandins and thus closes the PDA. Patent
ductus arteriosus could easily be detected and measured through
echocardiography. Treatment of this condition is usually carried out in the first
days of birth through non-steroidal anti-inflammatory drugs, such as ibuprofen or
indomethacin (Kliegman and Nelson, 1898). As mentioned, however, due to
several side effects and contraindications, these drugs cannot be prescribed for
some infants. Several studies have suggested the administration of
acetaminophen as an alternative drug.

Therefore, in light of the above-mentioned suggestions, in this study we
evaluated the administration of acetaminophen as an alternative therapeutic
drug for preterm neonates with open arterial ducts who showed
contraindications to treatment with ibuprofen or indomethacin.

Materials-Methods

This clinical trial was conducted on all preterm neonates with gestational age of
34 weeks or less, and who were less than 14 days old when admitted to the
Neonatal Intensive Care Unit (NICU) of the Imam Reza Hospital in Kermanshah
City (Iran) during 2015. The inclusion criteria were as follows:

1) clinical symptoms of PDA including tachycardia, active pericardium, systolic
or continuous murmur, wide pulses, increased oxygen dependency or
hypercapnia;

2) significant PDA diagnosis through echocardiography; and

3) contraindications of ibuprofen or indomethacin consumption from oliguria
(urine output <1 cc/kg/hr), serum creatinine >1.8 mg/dl, platelet count
<50,000, hyperbilirubinemia requiring blood exchange, and/or necrotizing
enterocolitis.

It should be noted that the echocardiographic criteria for initiating the treatment
was a ductal size of greater than 1.5 mm, which was considered significant PDA.
Exclusion criteria were as follows: ductal dependent congenital heart diseases
(as PDA is needed to maintain blood flow), life-threatening infections, severe
hepatic failure (increased liver enzyme levels more than twice the normal upper
limit), and/or grade 3 and 4 IVH.

After obtaining consent from the parents, the neonates were enrolled in the
study and randomly divided into case and control groups (Fig. 1). In the case
group, neonates, were treated with oral drops of acetaminophen (manufactured
by Behsa) at a dose of 15 mg/kg/dose every 6 hours for 72 hours. No
intervention was carried out in the control group. After 72 hours, both groups

Biomed Res Ther 2018, 5(2): 2034-2044

2036


http://www.bmrat.org

Biomedical
Research & Therapy

ISSN: 2198-4093
www.bmrat.org

underwent another echocardiography to determine the state of ductus
arteriosus. The neonates enrolled in the case group were monitored in the same
fashion before administration of acetaminophen until an hour after
administration for hypothermia; this was carried out every 30 minutes. Also,
before and 72 hours after initiating acetaminophen treatment, liver enzymes
were measured. If the patent ductus arteriosus was observed in the second
echocardiography, another 3-day treatment with acetaminophen would be
repeated in the case group. At the end of the third day, the echocardiography
would be re-conducted. Those patients who did not respond well to the first and
second course of acetaminophen were considered as candidates for surgical
treatment.

The main outcome of this study was the ductus arteriosus closure rate as well as
the evaluation of side effects of acetaminophen; the secondary outcome of the
study was to evaluate acetaminophen safety. The data was analyzed via SPSS 22
software with use of independent t-test (in normal data distribution cases) or
Mann-Whitney (in abnormal data distribution cases), and Chi-square test. The
Kolmogorov-Smirnov test was used to determine the normality of the values of
different variables.

75 assessed for eligibility

(6 excluded:

3 parents refused

2 died before completion
of treatment

1 esophageal atresia

. J
[ 69 randomly assigned |
36 allocated for oral W {33 allocated as controls
acetaminophen J (no treatment)

Figure 1. Flow diagram of study.
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Results

This study was conducted on 75 preterm neonates with gestational age of 34
weeks or less who had the inclusion criteria and were admitted to the NICU of
Imam Reza Hospital in Kermanshah, Iran during 2015. Of these neonates, 6 were
excluded (3 cases were excluded due to parents' discontent, 2 cases died before
the termination of the treatment period as a result of underlying illnesses, and 1
case was excluded due to esophageal atresia problems). Therefore, 69 neonates
remained in the study. After selecting the patients, they were randomly divided
into two groups of cases (36) and controls (33). Demographic findings, including
birth weight, gestational age, gender, ductal diameter and postnatal age at the
time of study, were not statistically significant in the two groups (Table 1).

Table 1. Baseline clinical characteristics

Acetaminophen group Control group
=36 h=33 P-value
Male 15(42%) 13(40%)
Gender 0.455
Female 21(58%) 20(60%)
. 32.11+2.09 31.2+1.8
Gestational age (week) (26-34) (26-34) 0.343
. . 1998.26+525.73 1917+429.6
Mean birth weight (g) (900-2900) (850-2800) 0.576
Internal ductal diameter 2.29+0.23
(mm) (1.55-2.7) 2.31+035 0.654
Mean age at the start of 4.6+1.7593 5.1%1.8823 0.488
the first course (day) (2-10) (2-11) ’

Table 2. Efficacy of oral acetaminophen for PDA closure

Acetaminophen group Control group

n=36 h=33 P-value
Overall closure rate (%) 34(94.4%) 5(15.1%) 0.001
Primary closure rate 27(75%) 5(15.1%) 0.002
Secondary closure rate 7(19.4%) 0(0) 0.021
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The overall rate of PDA closure in the acetaminophen-receiving group was
94.4% (34 out of 36 newborns); the ductus arteriosus was closed in 75% (27
neonates) after the first treatment course. In addition, 19.4% (7 newborns) did
not respond to the first course of the treatment but their ductus arteriosus was
closed following the second course of treatment, and 2 neonates (5.6%) did not
respond to both courses of acetaminophen treatment. The closure rate of PDA
in the control group was 15.1% (5 newborns) (Table 2).

There was no significant association observed between the rate of PDA closure
and gestational age, birth weight or postnatal age at the time of admission.
However, there was a significant difference between the effectiveness of oral
acetaminophen on the rate of PDA closure in male and female preterm infants
(p=0.024); all the infants who did not respond to acetaminophen therapy were
females (Table 3). During the study, none of the newborns experienced
complications. Also, hypothermia and abnormality of liver enzymes were not
observed in any of the infants.

Table 3. The association between gender, gestational age, birth weight,
age at the start of acetaminophen course, and ductal diameter to
treatment response in the case group

Response to No response to
acetaminophen acetaminophen P-value
n=34 n=2
Male 15(100%) 0(0%)
Gender 0.024
Female 19(90.5 %) 2(9.5%)
<28 2(100%) 0(0%)
28-30 5(83.3%) 1(16.7%)
Gestational age (week) 0.832
30-32 7(87.5%) 1(12.5%)
>32 20(100%) 0(0%)
<1500 7(%87.5) 1(12.5%)
Birth weight (g) 150%_250 22(95.6%) 1(4.3%) 0.611
>2500 5(100%) 0(0%)
Age at the start of the <7 31(94%) 2(6%) 1
first course (day) >7 3(1 OO%) (0%)
1.5-2 4(100%) 0(0%)
Ductal diameter (mm) 2-2.5 28(100%) 0(0%) <0.001
>2.5 0(0%) 2
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Discussion

The results of this study show that the chance of PDA closure through
administration of oral acetaminophen in preterm infants is 94.4%, which
indicates the high effectiveness of acetaminophen on ductus arteriosus closure
in preterm infants. Therefore, in this study we show that acetaminophen could
be prescribed as an alternative drug therapy for premature neonates in which
the arterial duct is open and ibuprofen or indomethacin is contraindicated.

Naturally, the closure of PDA in neonates during the primary hours after birth is
the result of an increase in blood oxygen levels and a decrease in vasodilators,
such as prostaglandin E2 and |2 (Dang et al., 2013). Indomethacin and ibuprofen
are two selective treatments for PDA,; they both inhibit the synthesis of
prostaglandins thereby inducing PDA closure. However, both of these drugs
induce gastrointestinal and renal side effects. Moreover, acetaminophen inhibits
prostaglandin synthesis. Although the exact mechanism of action of
acetaminophen is still controversial, this drug appears to act on the peroxidase
segment of the enzyme (Green et al., 1989, Lucas et al., 2005).

In the present study, 5.6% (2 infants) of the newborns even after receiving two
courses of treatment with acetaminophen did not show ductus arteriosus
closure. Both of these infants were female, indicating a significant association
between gender and acetaminophen treatment response (p=0.024). Also, the
size of PDA in both of these two infants was greater than 2.5 mm, which could
explain the unresponsiveness to acetaminophen. No acetaminophen-related
complications were observed in the present study.

In several studies carried out since 2012, using acetaminophen has been
suggested by many authors as an alternative treatment for PDA in preterm
infants. In most of these studies, the success rate of acetaminophen in PDA
closure was greater than 70%; similarly, no acetaminophen-related side effects
were seen (Le et al., 2015). In a study conducted by DeMauro et al. in 2014, the
PDA closure rate was 72.5%; this study suggested acetaminophen as a
therapeutic alternative for PDA management (DeMauro and Wright, 2014).
Tekgiindliz et al. compared the effects of two different doses of paracetamol
(acetaminophen): 15 mg/kg every 6 hours or 10 mg/kg every 8 hours. The
evaluated 13 neonates with PDA and showed that PDA closure rate in the high
dose (15 mg/kg) group was 76.9% while in the low dose (10 mg/kg) group, PDA
closure rate was estimated to be 83.3% (Tekglindiz et al., 2015).

Another study, by Nadir E et al. in 2014, was conducted on 7 neonates who did
not respond to ibuprofen treatment and who were prescribed paracetamol. After
taking paracetamol, PDA was closed in 5 of these newborns. In 1 newborn it was
re-opened but then successfully treated through paracetamol administration.
Surgical procedures were performed for the remaining 2 patients. No blood and
biochemical disorders were observed in this study (Nadir et al., 2014). Sancak S
et al. compared the effects of oral and intravenous paracetamol on the rate of
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PDA closure in preterm infants in 2014. Their results showed that the PDA
closure rate in the oral paracetamol group was higher than that of the
intravenous paracetamol group (88% vs. 70%), but this difference was not
statistically significant. The authors stated that more research studies with
greater sample sizes were required to discern the difference (Sancak et al,
2016).

In a clinical trial conducted on 90 preterm infants in 2014, Oncel et al. observed
that after a course of treatment, PDA was closed in 77.5% of the newborns in an
ibuprofen-treated group, whereas in the paracetamol group, PDA was closed in
72.5% of the neonates. In that study, it was stated that paracetamol could be
regarded as an alternative treatment for PDA treatment (Oncel et al., 2014). In
another study, this one carried out by Dang et al. in 2013, two groups of
newborns with the same sample size were treated with acetaminophen or oral
ibuprofen at a dose of 15mg/kg every 6 hours for 3 days. The results showed
that 81% of the newborns in the acetaminophen group and 78% in the
ibuprofen group experienced PDA closure. Also, complications such as hyper-
bilirubinemia and gastrointestinal bleeding were not observed in the
acetaminophen group (Dang et al., 2013). In another clinical trial in 2013, Rahul
Sinha et al. reported that administration of ibuprofen or indomethacin failed to
close PDA. However, within 48 hours of acetaminophen administration, PDA was
closed in all patients. Also, no side effects were observed in the newborns (Sinha
et al., 2013).

Conclusion

The side effects of non-steroidal anti-inflammatory drugs side effects and their
likely failure to induce PDA closure necessitates the need for an alternative drug.
Given the fact that acetaminophen is a cost-effective drug that can be
administered orally and has no observed side effects in the newborns, it is
suitable as the first line of PDA treatment. It remains to be seen if its
effectiveness can be demonstrated in larger scale studies.

Abbreviations

NEC : necrotizing enterocolitis
NICU : Neonatal Intensive Care Unit
PDA:Patent ductus arteriosus

RDS: respiratory distress syndrome
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