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Chapter 4

Abstract

Patent ductus arteriosus (PDA) is a frequent complication in preterm infants.
Ibuprofen and indomethacin (both COX-inhibitors) are used for pharmacological
closure of PDA. In most centers a failed second course of COX-inhibitors is followed
by surgical closure.

Our aim was to estimate the closure rate of clinically significant PDA after second
and third courses of ibuprofen and record possible side effects.

A study population, consisting of 164 preterm infants (<32 weeks gestational
age) with PDA admitted at our tertiary care center between November 2005 and
September 2011, was retrospectively analyzed. Primary outcome was the closure
rate after repeated courses of ibuprofen. The closure rate was similar after the first
(109/164), second (24/43) an d third (6/11) course of ibuprofen (X*=2.1, p = 0.350).
Late start of the first course of ibuprofen was a predictive factor for increased need of
a second course (X?= 4.4, p = 0.036). No additional side effects of multiple courses

of ibuprofen were detected.
Conclusion

Repeated courses of ibuprofen are an effective and safe alternative for surgical closure

and should be considered after failure of the first course of ibuprofen.
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Introduction

Patent ductus arteriosus (PDA) is a frequent complication in preterm infants, with
a reported incidence of 28% in preterm infants with a gestational age <32 weeks up
to 60-70% in those with a gestational age of <29 weeks."> PDA is associated with
increased neonatal mortality, chronic lung disease and necrotizing enterocolitis. The
optimal management of PDA is still not clear as the evidence for and against treatment
remains controversial."?”

Indomethacin and ibuprofen (both COX-inhibitors) are commonly used for
pharmacological closure of PDA and appear to be equally effective.”” However,
ibuprofen has shown fewer side effects than indomethacin.”’® One course of COX-
inhibitors resulted in a closure rate of 68-88% for indomethacin and 45-91% for
ibuprofen. A second course led to a lower closure rate of 44-47% for indomethacin
and 40-45% for ibuprofen.'®*?

In most centers, closure failure after a second course of COX-inhibitors is followed
by surgical closure. However, surgical closure has been associated with an increased
risk of chronic lung disease, retinopathy of prematurity and neurodevelopmental
impairment, compared to indomethacin therapy.'*'> A comparison of morbidity and
neurodevelopmental outcome after surgical closure and pharmacological closure with
ibuprofen is not available.

Only few studies report on the efficacy and safety of three courses of COX-inhibitors. Two
small studies showed a PDA closure rate varying from 16 (3/19) to 43% (10/23) after a
third course of indomethacin.'®!® The effect of a third course of ibuprofen has only been
studied in two small studies with a closure rate varying from 19% (7/37) to 66% (2/3),
and was associated with more renal complications than first and second courses.'”"?

The aim of this retrospective study was to estimate the effectiveness and safety of second
and third courses of ibuprofen on PDA closure and its potential, as an alternative
for invasive and possible harmful surgical closure of the PDA. In addition, possible

predicting factors for unsuccessful closure were investigated.

Methods

Study population
We included all preterm infants (gestational age at birth <32 weeks) admitted to
the Neonatal Intensive Care Unit (NICU) of the Leiden University Medical Center
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between November 2005 and September 2011 with a PDA treated with ibuprofen.
We excluded infants with congenital heart disease and infants referred to our center
for surgical closure of the PDA. The Medical Ethics Committee of the Leiden
University Medical Center did not require approval of this study because it consisted
of retrospective chart review, nor did the medical ethics committee require written
consent by the parents for their infant’s information to be (anonymously) stored in
the hospital database and used for research.

Diagnosis of PDA was reached and confirmed using echocardiography (Aloka X10,
Biomedic Nederland B.V., Almere, The Netherlands). First echocardiography was
made when PDA was suspected, due to clinical symptoms such as widened pulse
pressures, cardiac murmur, bounding pulses and/or significant respiratory disease. A
PDA was considered clinically significant and requiring treatment, when the ductus
was moderate to large in size (>1.5 mm) with evidence of left to right ductal shunting
and an increased left atrium to aortic ratio.

Each ibuprofen course was prescribed as 10 mg/kg for the first dose followed by
two additional doses of 5 mg/kg on consecutive days. Doses were administered
intravenously with a 24 hour interval between each dose. Control echocardiography
was routinely performed on the first day after the third dose of ibuprofen. A closed
or hemodynamic insignificant ductus was scored as closed. No infants received
prophylactic treatment with ibuprofen.

Indications for immediate surgical closure after one or two courses of ibuprofen were

congestive heart failure and respiratory instability due to the PDA.

Data collection

Data were collected prospectively throughout the study period and entered in a
dedicated database. Data for demographic and perinatal characteristics, as well as
postnatal clinical conditions included birth weight, gestational age at birth, gender,
intrauterine growth restriction, multiple gestation, pre-eclampsia, chorioamnionitis
(defined as smelly amniotic fluid, maternal fever or signs of infection at birth),
neonatal sepsis (defined as presence of clinical signs of infection with a positive blood
culture), respiratory distress syndrome (RDS)", duration of mechanical ventilation,
need for postnatal steroids, bronchopulmonary dysplasia (need for oxygen therapy
at a gestational age > 36 weeks)'®, hypotension requiring inotropics, necrotizing
enterocolitis (NEC)", cystic periventricular leukomalacia®® and intraventricular
hemorrhage*"*, duration of admission (until transfer to another secondary center)

and neonatal mortality.
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Primary outcome data were closure of the PDA after the first and (if necessary), second
or third course of ibuprofen or after surgical ligation. We studied potential risk factors
for failure of closure, including general characteristics (gestational age, birth weight),
postnatal characteristics possibly pathophysiologic associated with PDA (RDS,
duration of mechanical ventilation, NEC, neonatal sepsis) and age at start of ibuprofen
for each individual course. Bronchopulmonary dysplasia, duration of admission and
mortality were studied as possible consequences of failure of closure. We scored the
following potential adverse effects of ibuprofen: oliguria (urine production <1.0 ml/
kg/hour) with or without renal failure (serum creatinine level >133 umol/L*), severe
thrombocytopenia (platelet count < 50 x 10°/L after ibuprofen with platelet count >
150 x 10°/L before).

Statistical analysis

Data are reported as median values and ranges. Statistical analyses were performed
with SPSS Version 18.0 (SPSS Inc., Chicago, IL). Data were not normally distributed
and therefore analyzed using a Fisher’s Exact test. A p-value of <0.05 was considered
significant. Study size was determined by the total number of exposed infants in the
defined period.

Potential confounders in this study were all demographic and postnatal characteristics,
mentioned previously. Confounding was minimized by using regression analysis.

Infants with missing characteristics were excluded from regression analyses.

Results

Between November 2005 and September 2011 931 preterm infants with a gestational
age <32 weeks were admitted to our NICU. The incidence of PDA was 18%
(170/931). Six infants were excluded from analysis because of referral to our center
for primary surgical closure of PDA (n=6). A flowchart of the study population can
be seen in figure 1. An overview of characteristics of the study population of preterm

infants with PDA is shown in table 1.
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Figure |. Flowchart of included infants.
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Table I. Characteristics of the studied population.

N = 164
Gestational age at birth (weeks) * 27.0 (23-31)
Birth weight (grams) * 995 (525-2041)
Gender (male) — n (%) 81 (49)
Multiple gestation — n (%) 60 (37)
Chorioamnionitis — n (%) 6 (4)
Pre-eclampsia — n (%) 36 (22)
IUGR - n (%) 16 (10)
Respiratory distress syndrome — n (%) 125 (76)
Duration of mechanical ventilation (days) 8 (0-36)
Postnatal steroids — n (%) 42 (26)
Bronchopulmonary dysplasia — n (%) 13 (8)
Hypotension — n (%) 64 (39)
Necrotizing enterocolitis — n (%) 12 (7)
Neonatal sepsis — n (%) 64 (39)
Periventricular leukomalacia (= grade 2) — n (%) 6 (4)
Intraventricular hemorrhage (> grade 3) — n (%) 15 (9)
Duration of admission (days) * 27 (3-138)
Mortality — n (%) 14 (9)

* Value given as median (range)

PDA closure rate was similar after the first (109/164), second (24/43) and third (6/11)
course of ibuprofen (X?= 2.1, p = 0.350) (table 2).

Table 2. Closure rate of ductus arteriosus after ibuprofen or ligation.

Courses of ibuprofen

1 2 3
Number of infants 164 43 11
Closed ductus after ibuprofen 109 24 6
Closed ductus after ligation 3 8 5
Unknown outcome 9

We studied several general characteristics, postnatal characteristics and age at start
of ibuprofen for possible associations with failure of closure (as potential risk factors

or consequences). Analysis of each ibuprofen course separately, showed a positive
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correlation between postnatal age at start of the first dose of ibuprofen and the need
for a second course of ibuprofen: the older the neonate (in terms of postnatal age at
start of ibuprofen), the lower the chance of definitive PDA closure after one course
of ibuprofen. The median age at the start of the first course of ibuprofen in the group
with successful closure after one course was 4 days (range 2-24), compared to 5 days
(range 2-19) in the group with unsuccessful closure after one course. Closure rate after
the first course of ibuprofen significantly increased if ibuprofen treatment was started
prior to postnatal day 5: 64/84 when started before day 5 versus 43/71 when started
on day 5 or later (X*= 4.4, p = 0.030).

Oliguria was observed in 10 infants (9 during the first, 1 during the second course
of ibuprofen). One infant had an increased serum creatinine level >133 pmol/L
during the first course of ibuprofen without oliguria. Four infants developed severe
thrombocytopenia (platelet count < 50 x 10°/L) during the first course of ibuprofen,
without clinical signs of bleeding. All reported side effects were transient and resolved
spontaneously. No relationship was found between adverse effects and the number of

courses of ibuprofen.

Discussion

This study shows that the closure rate of PDA after a second or third course of
ibuprofen was similar to the closure rate after the first course and that multiple courses
of ibuprofen were not associated with an increase in adverse effects.

Recently, two small studies reported on the PDA closure rate in a population of
premature infants receiving multiple courses of ibuprofen. In a study in 182 preterm
infants, Kushnir et al found closure rates for the first, second and third course of 92%
, 54% and 19%, respectively'’, whereas PDA closure rates in a study from Richards
et al were 45%, 40% and 66%, respectively™. In comparison, the closure rates in our
study cohort were 66%, 56% and 55%. The cumulative closure rate after all courses
of ibuprofen was 71% (130/183) in the study by Kushnir et al'® and 69% (110/160)
in the study by Richards et al"® versus 85% (139/164) in this study. Differences in
closure rates between the studies are probably due to differences in study designs and
methodology. The preterm infants in the study of Richards et al'® had a lower mean
gestational age and birth weight (25.6 weeks, 757 gram) than the infants included in
our study. In the study of Kushnir et al'® mean gestational age and birth weight were

comparable (27.8 weeks, 1083 gram).
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Kushnir et al'®

reported more adverse effects, i.e. an increase of serum creatinine levels
and decrease of urine output in infants receiving more than one course of ibuprofen.
We found no additional adverse effects during second and third courses of ibuprofen
in our study, similar to the findings of Richards et al'®. The most remarkable difference
between the patient populations was the duration between the first and second course
of ibuprofen (1 day in Kushnir et al, 6 days in Richards et al versus 3 days in our study
population) and the second and third course of ibuprofen (1 day in Kushnir et al versus
5 days in our study).'®'® The relatively short interval between the treatment courses in
the Kushnir study might explain the increased risk of adverse effects.

The value of our study lies in the meticulous analysis of a large cohort, the focus on
timely start of ibuprofen therapy and evaluation of current experience with repeated
courses of COX-inhibitors versus surgical closure. The importance of this type of
information is supported by the web-based questionnaire survey by Amin et al which
evaluated the use of repeated courses of indomethacin in neonatal intensive care
programs in the USA. Those centers using more than two courses of indomethacin,
based their usage of a third course on local experience, because of lack of evidence
on repeated courses in clinical literature.* The reported harmful effects of surgical
ductal closure, such as chronic lung disease, retinopathy and neurodevelopmental
impairment, warrant in depth investigation of a pharmacological alternative without
major side effects.'*

Several factors have been associated with a higher closure rate after pharmacological
treatment, including earlier age and a large ductal diameter (>2 mm) at start of the
first course of ibuprofen.”® Our findings confirm the association between advanced
postnatal age at the start of the first course and failure of ductal closure after the
first course of ibuprofen. Closure rate after the first course of ibuprofen significantly
increased if ibuprofen treatment was started prior to postnatal day 5. Similarly, in
a study using indomethacin, re-opening of the ductus arteriosus with echographic
luminal flow after the first course of indomethacin was more common in infants who

26 None of these studies

received their indomethacin course at a higher postnatal age.
showed a relationship between closure rate and starting age of the second and third
course of ibuprofen or indomethacin.

The higher closure rate after the first course of ibuprofen, if started at a lower postnatal
age, maybe due to the pharmacokinetic characteristics of ibuprofen. Ibuprofen is
metabolized by the cytochrome P450 complex, especially the CYP2C9 and CYP2C8
enzymes. Directly after birth these enzymes are absent in the serum, during the first

week of life they increase to 33% of the adult serum level, independent of gestational
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age. Therefore, the available concentration of ibuprofen decreases during the first week
of life due to increased metabolism, resulting in less bio-availability for closure of the
ductus.”? The reason why the starting age of the second and third course of ibuprofen
does not influence the closure rate is not clear. Hypothetically, it could be expected
that the fast increase in serum level of the CYP enzymes during the first week of life will
flatten to a stable level in the next weeks, without influencing closure rate anymore.
The results of this study may have important consequences for clinical practice,
especially when a second course of ibuprofen fails to close the PDA. Our data suggest
that a third course of ibuprofen may be an effective alternative to surgical closure,
without additional risks for pharmacological side effects. As shown in this study,
closure rates of a second and third course of ibuprofen are independent of postnatal
age at the start of the consecutive course. Therefore, advanced postnatal age may not
be an argument in favor of surgical ligation instead of a second or third course of
ibuprofen.

For many years PDA closure was the main goal in ductal management. More recently,
various studies have raised important questions concerning the optimal management
of PDA and the potential benefits of ductal closure.***° The management of PDA at
our institution is to date still based on ductal closure. This will remain our standard
of care unless new evidence is provided showing that ductal closure is associated with
more disadvantages compared to conservative management.

Although our results add to the understanding of efficacy and safety of repeated courses
of ibuprofen on PDA closure, we recognize there are several potential limitations. The
retrospective design of this study is the first limiting factor. We tried to minimize
possible bias by using strict definitions and cut-off values. A second limitation is the
relatively small size of the study population receiving multiple ibuprofen courses.
Nevertheless, retrospective and small studies are necessary to design future randomized
controlled trials. Such a trial is urgently required to determine whether short and
long-term outcome of pharmacological management of PDA with multiple courses
of ibuprofen is better or worse than surgical closure. In addition, a larger prospective
study using a third course of ibuprofen is needed to determine its pharmacological

effects and side-effects.
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