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Objective To assess the risk for intraventricular hemorrhage (IVH) in very low birth weight preterm infants with pat-
ent ductus arteriosus (PDA) and low platelet count with treatment with cyclooxygenase (COX) inhibitors.
Study design Diagnosis and treatment of PDA, as well as risk factors for IVH, were assessed using prospectively
collected data of all infants born at a gestational age <32 weeks and with a birth weight#1500 g at Innsbruck Uni-
versity Hospital (January 2003-December 2009). Infants with severe thrombocytopenia (<50 � 109/L) were ex-
cluded from analysis.
Results Sixty-five (20%) of the 325 infants had IVH, and 149 (45.9%) of the 325 were treated with COX inhib-
itors. Treatment of PDA with COX inhibitors was not an independent risk predictor for IVH in preterm infants
with platelets $100 � 109/L. However, COX inhibitors amplified the risk of bleeding in the presence of mod-
erately decreased platelets (50-99 � 109/L) on days of life 2-7. Multivariable OR for IVH were 0.89 [95% CI
0.43-1.87] for patients with platelets $100 � 109/L and treatment with COX inhibitors, 3.40 [95% CI 1.13-
10.29] for those with moderately decreased platelets without treatment, and 53.3 [95% CI 5.9-484] for patients
with both moderately decreased platelets and COX inhibitor treatment compared with those with platelets
$100 � 109/L and no treatment (reference group) (P < .001).
Conclusion In very low birth weight infants with moderate thrombocytopenia treatment with COX inhibitors
increased the risk for intracerebral bleeding. Any benefits of this therapy should be carefully balanced against
this potential hazard. (J Pediatr 2013;-:---).
See editorial, p ���
atent ductus arteriosus (PDA) is a common complication related to gestational age of preterm birth. In infants born at
P less than 32 weeks of gestation, the frequency of PDA ranges from 50% to more than 80%.1,2 Untreated PDA is asso-
ciated with increased mortality and morbidity in preterm infants, especially in those of less than 32 weeks of gestation

and in those weighing less than 1500 g (very low birth weight infants).3,4 In order to avoid these morbidities, a variety of man-
agement strategies to induce closure of PDA have been developed. Presymptomatic PDA treatment with cyclooxygenase (COX)
inhibitors, either using indomethacin or ibuprofen, is most frequently used, but there is no consensus on treatment strategies
for PDA.

Treatment with COX inhibitors inhibits prostaglandin synthesis and, thus, platelet function.5,6 Moreover, a low platelet
count may be a risk factor for IVH,7 and neonatal platelets have hyporeactivity during the first days of life.8,9 Therefore, a de-
creased platelet count might potentiate the risk of cerebral bleeding in the presence of COX inhibitors. Severe thrombocyto-
penia is considered a contraindication for medical treatment of a patent duct in many neonatal intensive care units, but cut-off
values for platelet counts vary between centers.10 The time of occurrence of thrombocytopenia is of importance because the
platelet nadir typically occurs after the first day of life (DOL), reaching a nadir on days 4 to 5 of life with recovery by 7 to
10 days.11-13

The association between IVH, thrombocytopenia, and COX inhibitors has been minimally studied. We therefore
investigated whether early presymptomatic treatment of PDA with COX inhibitors is associated with an increased
risk for IVH in preterm infants with moderately low platelet counts (50-99 � 109/L).
From the 1Division of Neonatology, Department of
Pediatrics, Divisions of 2Pediatric Cardiology, and
3Pediatric Hematology, Innsbruck Medical University,
Innsbruck, Austria

The authors declare no conflicts of interest.

0022-3476/$ - see front matter. Copyright ª 2013 Mosby Inc.

All rights reserved. http://dx.doi.org/10.1016/j.jpeds.2012.12.035

COX Cyclooxygenase

DOL Day of life

IVH Intraventricular hemorrhage

PDA Patent ductus arteriosus

RDS Respiratory distress syndrome
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Table I. Characteristics of VLBW preterm infants with
a gestational age <32 weeks with and without PDA
(n = 322*)

Variable

PDA (n = 164) No PDA (n = 158)

P
value†

n (%) or
median (range)

n (%) or
median (range)

Gestational age (wk) 28 (24-31) 29 (23-31) .001
Birth weight (g) 1160 (485-1500) 1190 (420-1500) .206
Male sex 79 (48.2) 84 (53.2) .370
Fertility treatment (any) 21 (12.8) 25 (15.8) .450
Maternal hypertension 25 (15.2) 28 (17.7) .549
Multiple birth 50 (30.5) 48 (30.4) .983
Antenatal steroids 134 (81.8) 137 (86.7) .135
pH < 7.1 3 (1.8) 5 (3.2) .426
5-Min Apgar <7 22 (13.4) 11 (7.0) .037
SGA 13 (7.9) 23 (14.6) .059
Severe RDS 105 (64.0) 66 (41.8) <.001
Severe arterial hypotension 33 (30.1) 14 (8.9) <.001
Early-onset sepsis 7 (4.3) 3 (1.9) .220
Late-onset sepsis 27 (16.5) 18 (11.4) .197
IVH 41 (25.0) 22 (14.0) .012
50-99 � 109/L platelets DOL 1 7 (4.3) 2 (1.3) .173
50-99 � 109/L platelets

DOLs 2-7
17 (10.4) 16 (10.1) .854

SGA, small for gestational age; VLBW, very low birth weight.
Significant variables are marked in bold.
*Three patients had no echocardiography (Figure) and were not considered.
†P values are from the Mann–Whitney U test, c2, or Fisher exact test, as appropriate.
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Methods

We analyzed a prospective database of all infants with
a birth weight of #1500 g, born at <32 completed weeks
of pregnancy, and treated at Innsbruck Medical Univer-
sity, the only neonatal intensive care unit in Tyrol. Infants
who had at least 1 ultrasound examination of the brain
were included (2003-2009). Infants with major congenital
anomalies and those who had received PDA prophylaxis
with a COX inhibitor within 6 hours were excluded
from analysis. Treatment with COX inhibitors was con-
sidered contraindicated with severe thrombocytopenia
(<50 � 109/L) and, therefore, these patients were also
excluded.

Clinical data for infants with and without PDA were
prospectively collected (Table I). Fertility treatment was
classified as yes versus no, irrespective of the mode of
treatment. Maternal hypertension in pregnancy was defined
according to the Working Group on High Blood Pressure
in Pregnancy.14 Gestational age was calculated from the
first day of the last menstrual period. This was compared
with assessment of gestational age by ultrasound scans that
had to be performed before 24 weeks. If the estimated
gestational age differed from the calculated one, the scan
assessment was used. Umbilical cord artery pH was graded
as <7.1 or $7.1 and 5-minute Apgar score as <7 or $7.
Growth charts developed by Alexander et al15 were used to
classify infants as small for gestational age at birth, defined
as a birth weight lower than to 10th percentile for sex and
gestational age. Severe respiratory distress syndrome (RDS)
was defined as the need for ventilation or postnatal
surfactant treatment because of clinical signs of tachy-/
dyspnea, requirement for supplemental oxygen to maintain
a pulse oximeter saturation over 85%, and reticulogranular
appearance to lung fields with or without low lung volumes
and air bronchograms within the first DOL. Severe arterial
hypotension was defined as the need for catecholamine
treatment. A diagnosis of early-onset (#72 hours after
birth) or late-onset (>72 hours) sepsis required signs of
generalized infection, a positive blood culture and
antibiotic therapy for five or more days. IVH was classified
according to the method of Papile et al.16 The term IVH
was used to summarize hemorrhages grades 1-4, the term
severe IVH for grades 3 and 4 bleedings.

Ultrasound examinations were routinely performed on
DOL 2 and DOL 5 in the second and third weeks of life,
and thereafter every other week. The first cranial ultrasound
was performed before treatment with COX inhibitors was
started.

PDA was diagnosed by echocardiography. Echocardiogra-
phy was routinely performed on DOL 2 in infants who had
severe RDS and on DOL 4-7 in those who were not venti-
lated,17 and treatment, if indicated, was started immediately
after diagnosis of PDA.

First-line therapy for PDA was treatment with COX in-
hibitors in the presymptomatic stage. The COX inhibitors
2

indomethacin (0.1 mg/kg per dose) or ibuprofen (loading
dose 10 mg/kg followed by 2 � 5 mg/kg at 24-hour inter-
vals) were used if there were no contraindications (oliguria
[urine output below 0.6 mL/kg per hour], severe thrombo-
cytopenia, severe or progressive IVH and persistent pul-
monary hypertension with right-to-left shunt). Fifteen of
164 patients (9.1%) received no therapy. Twelve patients
had a small PDA, which was expected to close spontane-
ously, and 3 patients had a contraindication to treatment
(Figure).
Platelet count was categorized to: $100 � 109/L or

99-50 � 109/L (moderate thrombocytopenia). We mea-
sured platelet counts on DOL 1 and from DOL 2-7. If blood
count was measured more than once per time period, the
lowest count was recorded. In each patient, at least 1 blood
count was measured before the beginning of COX inhibitor
therapy.

Statistical Analyses
Analyses were performed using SPSS software, v. 20.0 for
Windows (SPSS Inc, Chicago, Illinois). Categorical and
continuous data were compared with the c2 test, Fisher
exact test, and the Mann–Whitney U test, respectively. In
order to assess risk factors for IVH, multivariable
unconditional logistic regression models were fitted. A
four-category variable platelet count ($100 � 109/L and
no treatment, platelet count $100 � 109/L and treatment
with COX inhibitors, platelet count 50-99 � 109/L and no
treatment, platelet count 50-99 � 109/L and treatment of
PDA with COX inhibitors) was forced into these models,
and other predictors of IVH were selected with a forward
Brunner et al



164 (50.9%) with PDA 

9 patients indomethacin
mean cumulative dose 0.37 mg/kg  

140 patients ibuprofen
mean cumulative dose 18.53 mg/kg 

133 patients successful 
ibuprofen treatment 

mean cumulative dose 17.99 mg/kg 

15 (9.1%) no therapy 

• Small PDA, considered to close 
spontaneously in 12 

• Contraindication for COX inhibitor, 
while waiting for contraindication 
to resolve, duct closed 
spontaneously in 2 

• Contraindication for COX  inhibitor 
(progressive IVH) and death in 1

7 patients secondary surgical 
ligation, because COX inhibitor 

therapy failed 
mean cumulative dose 28.57 mg/kg 

No contraindication for 
indomethacin treatment 

Temporary contraindication for 
ibuprofen treatment in 7 

patients (primary pulmonary 
hypertension in 4, oliguria in 3) 

9 patients successful 
indomethacin treatment 

325 patients 

• Birth weight ≤1500g 
• Gestational age <32 weeks 
• Treated in Innsbruck from DOL1 on during the years 2003-2009 
• No congenital heart disease, major malformation, or malformation syndrome 
• No PDA prophylaxis 
• Lowest platelet count during DOLs 2-7 ≥50 G/l 
• At least one ultrasound examination of the brain 

322 (99.1%) underwent 
echocardiography  

3 (0.9%) died before 
echocardiography could 

be performed

158 (49.1%) without PDA 

149 (90.9%) therapy with 
COX inhibitors 

Figure. Mode of PDA treatment.
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step-wise selection procedure (default inclusion and exclu-
sion criteria) allowing for all variables in Table I with
a univariate P < .05. P values for interaction between
COX inhibitor therapy and moderately low platelet
count were calculated by means of an appropriate
interaction term. Post hoc analysis was performed with
PASS statistical software (v. 11.0; NCSS LCC, Keysville,
Utah).

Results

A total of 358 consecutive infants with a gestational age of
less than 32 weeks and a birth weight at or below 1500 g
were admitted to the neonatal intensive care unit. Ten in-
fants were excluded because they had received PDA prophy-
laxis, 7 because of major congenital anomalies, and 16
infants because of severe thrombocytopenia (<50 � 109/L)
during DOLs 2-7.
Patent Ductus Arteriosus, Low Platelets, Cyclooxygenase Inhibito
Birth Weight Preterm Infants
Thus, 325 infants formed the study population (Figure).
Median gestational age of participants was 29 weeks (range
23-31), median birth weight was 1170 g (range 420-1500).
Comparing infants with and without COX inhibitor
treatment, those without had a significantly higher
gestational age (P = .001), were less likely small for
gestational age (P = .037), suffered less frequently from
severe RDS (P < .001), severe arterial hypotension
(P = .024), and late-onset sepsis (P = .044). Comparing
patients with PDA receiving COX inhibitor treatment
according to the platelet count on DOL 2-7, those with
a platelet count between 50 and 99 � 109/L had a lower
birth weight (P = .030), had more frequently a low 5-
minute Apgar score (P = .006), severe arterial hypotension
(P = .007), and IVH (P < .001) than those with a lower
platelet count of $100 P 109/L.
Three hundred twenty-two (99.1%) of the 325 infants had

echocardiography. Three patients died before
rs, and Intraventricular Hemorrhage in Very Low 3



Table II. Characteristics of VLBW preterm infants with
a gestational age <32 weeks according to risk factors for
IVH

Variable

IVH
(n = 65)

No IVH
(n = 260)

P
value*

n (%) or
median (range)

n (%) or
median (range)

Gestational age (wk) 27 (23-31) 29 (24-31) <.001
Birth weight (g) 1080 (485-1490) 1190 (420-1500) .003
Male sex 41 (63.1) 123 (47.3) .023
Fertility treatment (any) 10 (15.9) 37 (14.5) .785
Maternal hypertension 9 (13.8) 44 (16.9) .548
Multiple birth 18 (27.7) 81 (31.2) .588
Antenatal steroids 49 (77.8) 224 (91.1) .003
pH < 7.1 4 (7.4) 5 (2.1) 0.038
5-Min Apgar <7 11 (19) 2 (0.8) <.001
SGA 8 (12.3) 29 (11.2) .793
Severe RDS 50 (76.9) 124 (47.7) <.001
Severe arterial hypotension 23 (36.5) 25 (9.8) <.001
Early-onset sepsis 7 (10.8) 4 (1.5) .002
Late-onset sepsis 13 (20.6) 32 (12.4) .092
PDA 41 (65.1) 123 (47.5) .012
COX inhibitor therapy 34 (52.3) 115 (44.2) .242
50-99 � 109/L platelets

DOL 1
4 (6.9) 6 (2.6) .115

50-99 � 109/L platelets
DOLs 2-7

19 (30.6) 17 (6.7) <.001

Significant variables are marked in bold.
*P values are from the Mann–Whitney U test, c2, or Fisher exact test, as appropriate.
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echocardiography, 1 because of severe sepsis, 2 because of se-
vere IVH. PDA was found in 164 infants (50.5%). The treat-
ment of PDA is given in the Figure.

Ultrasound examinations showed that IVH occurred in 65
(20%) of the 325 infants: 37 infants (11.3%) had grade 1 IVH,
7 infants (2.1%) grade 2 IVH, 12 infants (3.7%) grade 3 IVH,
and 9 infants (2.8%) grade 4 IVH. The rate of IVH did not
significantly differ between patients with or without treat-
ment with COX inhibitors (P = .242).

In the majority of the 19 patients with IVH and platelets
between 50-99� 109/L on DOL 2-7, moderate thrombopenia
(15 of 19; 79%) and initiation of COX inhibitor therapy (8 of
11; 73%) antedated the identification of IVH. In 1 patient
IVH preceded COX inhibitor therapy, and in the remainder
the temporal sequence could not be defined.

Univariate analysis showed a significant association be-
tween a higher IVH rate and low gestational age (median
27 vs 29 weeks, P < .001), low birth weight (median 1080
vs 1190 g, P = .003), and male sex (63.1% vs 47.3%,
P = .023). The proportion of patients who received antenatal
steroids was significantly lower in patients with IVH (77.8%
vs 91.1%, P = .003). A pH < 7.1 and a 5-minute Apgar score
<7 were associated with a higher rate of IVH (7.4% vs 2.1%,
P = .038 and 19% vs 0.8%, P < .001, respectively). Severe RDS
was more frequent in patients with IVH (76.9% vs 47.7%,
P < .001), as were severe arterial hypotension (36.5% vs
9.8%, P < .001), early-onset sepsis (10.8% vs 1.5%,
P = .002), and PDA (65.1% vs 47.5%, P = .012). When focus-
ing on DOL 1, no significant association was observed be-
tween IVH and moderate thrombocytopenia, whereas on
DOL 2-7 IVH was significantly associated with moderate
thrombocytopenia (30.6% vs 6.7%, P < .001). In addition,
IVH was not related to treatment with COX inhibitors
(52.3% vs 44.2%, P = .242). Results of univariate analysis
are given in Table II.

Comparing bleeding risk in patients receiving a COX in-
hibitor with a platelet count between 50 and 99 � 109/L
and $100 � 109/L, OR was calculated as follows: 1.23
[95% CI 0.64-2.36] and 67.10 [95% CI 8.21-548.50], respec-
tively. OR for patients with moderately low platelet counts
without treatment was 3.05 [95% CI 1.15-8.06], P for inter-
action .014 (Table III).

In multivariate analysis, results were similar. Treatment of
PDA with COX inhibitors was not an independent risk pre-
dictor for IVH in preterm infants with a platelet count of
Table III. Risk for IVH in the 4 categories: platelet count $1
count $100 � 109/L and treatment with COX inhibitors, plat
50-99 � 109/L and treatment of PDA with COX inhibitors

Variable Unadjusted OR

$100 � 109/L platelets, no treatment 1.0
$100 � 109/L platelets, treatment 1.23
50-99 � 109/L platelets, no treatment 3.05
50-99 � 109/L platelets, treatment 67.10

P interaction

Multivariable analysis was adjusted for gestational age (wk), early-onset sepsis, sex, and antenata

4

$100 � 109/L, but increased the risk of bleeding with mod-
erately low platelet counts on DOL 2-7. Multivariable OR for
IVH were 0.89 [95% CI 0.43-1.87] for patients with a platelet
count $100 � 109/L and treatment with COX inhibitors,
3.40 [95% CI 1.13-10.3] for those with moderately low plate-
lets without treatment, and 53 [95% CI 5.9-484] for patients
with both moderately low platelet counts and COX inhibitor
treatment compared with those with a platelet count
$100 � 109/L and no treatment (reference group)
(P < .001) (Table III). The association remained significant
when only patients with severe IVH were analyzed and also
when patients with early- and late-onset sepsis were
excluded from analysis (data not shown). When excluding
patients in whom IVH presented prior to assessment of
platelet count or initiation of COX inhibitor treatment or
the temporal sequence could not be defined for sure,
findings were quite similar: multivariable OR of IVH for
those with moderately low platelet counts alone was 3.33
00 � 109/L and no treatment (reference group), platelet
elet count 50-99 � 109/L and no treatment, platelet count

95% CI aOR 95% CI

1.0
0.64-2.36 0.89 0.43-1.87
1.15-8.06 3.40 1.13-10.29
8.21-548.50 53.27 5.87-483.53

= .014 P interaction = .022

l steroids.
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[95% CI 1.09-10.16] and for those with both moderately low
platelet counts and COX inhibitor treatment 43 [95% CI 4.5-
413].

Discussion

We report an association between a moderately low platelet
count between 50 and 99 � 109/L, treatment of PDA with
COX inhibitors and IVH in preterm infants with a gestational
age of less than 32 weeks. Treatment of PDAwith COX inhib-
itors increased the risk for bleeding in the case of moderately
low platelet counts on DOL 2-7, but this was not the case in
infants with a platelet count of $100 � 109/L. The associa-
tions remained significant when only newborn infants with
severe IVH were analyzed and also when infants with early-
and late-onset sepsis were excluded from the analysis.

A role for thrombocytopenia in IVHwas postulated in sev-
eral studies, but the results reported in the literature are con-
troversial. One publication linked platelet counts below
100� 109/L with an increased rate of IVH7; this was not con-
firmed by others.18,19 In most studies, time-point of occur-
rence of thrombocytopenia was not taken into account. A
study differentiating thrombocytopenia on DOL 1 versus
DOL 2 in the context of risk for IVH in preterm infants
was published by Dani et al20; they found lower platelet
counts at 24-48 hours in infants with severe IVH as compared
with infants without severe IVH and no difference in platelet
counts measured within 24 hours of birth. Platelet counts af-
ter DOL 2 were not taken into account. It is known that the
platelet nadir typically occurs after DOL 1. In patients admit-
ted to neonatal intensive care units, about 75% of all episodes
of neonatal thrombocytopenia are either present at birth or
develop by 72 hours of life12,13 with platelets falling slowly
to reach a platelet nadir at DOL 4-5 of life and recovering
by 7-10 days.12,14

We, therefore, differentiated between platelet counts on
DOL 1 and platelet counts on DOL 2-7. We found that plate-
let counts on DOL 1 did not influence risk for IVH, but
thrombocytopenia with a platelet count between 50 and
99 � 109/L after the first DOL until the end of the first
week was associated with a 3-fold risk for IVH. This result
also indicates that platelet counts after DOL 1 are a better
predictor for IVH than are platelet counts obtained within
the first 24 hours after birth.

However, the risk for intracerebral bleeding in preterm in-
fants is difficult to predict.21 Current data suggest that not
only platelet counts but also factors such as platelet dysfunc-
tion and coagulation abnormalities might play an important
role. Impaired platelet function in cord blood was described
in studies using platelet aggregometry. These platelets were
less reactive than adult platelets,22,23 and this hyporeactivity
may contribute to the propensity of preterm infants to
IVH.24,25 In 2 studies, the period of hyporeactivity was within
the first 10 days of life,8,9 but Strauss et al concluded that the
period of time after birth with lower reactivity of platelets is
uncertain.26
Patent Ductus Arteriosus, Low Platelets, Cyclooxygenase Inhibito
Birth Weight Preterm Infants
It is well known that COX inhibitors cause an incomplete
and intermittent inhibition of prostaglandin synthesis and,
thus, altered platelet function. This effect was described
for adult27 as well as newborn platelets.28,29 However, the
effect on primary hemostasis was small.30 Our study found
no effect on cerebral bleeding risk in patients with
$100 � 109/L platelets, but the combination of moderate
thrombocytopenia and COX inhibitor treatment on DOL
2-7 amplified the risk for IVH. These findings indicate
that a decreased platelet count potentiates the risk for
bleeding in the presence of COX inhibitors. Lack of an as-
sociation between COX inhibitor treatment and IVH in the
absence of moderate thrombopenia should be interpreted
with caution because the study was not adequately sized
to detect associations of moderate strength (80% power
to detect an OR of 2.49 at an a = 0.05 level).
Another risk factor for IVH in our study was early-onset

sepsis. Sepsis is often accompanied by low platelet counts
and abnormalities in coagulation. Therefore, we separately
calculated bleeding risk in patients without sepsis, who had
moderately low thrombocytes and were treated with COX in-
hibitors. The increased cerebral bleeding risk in patients with
moderately low thrombocytes and COX inhibitor treatment
remained significant (data not shown).
In conclusion, in preterm infants with moderate thrombo-

cytopenia, benefits of treatment of PDA with COX inhibitors
have to be carefully balanced against potential risks due to
significantly increased risk of cerebral bleeding. To assess
the risk for cerebral bleeding in preterm infants with throm-
bocytopenia and COX inhibitor treatment, a blood cell count
should be obtained after the first DOL. n
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8. Uçar T, Gurman C, Arsan S, Kemahli S. Platelet aggregation in term and

preterm newborns. Pediatr Hematol Oncol 2005;22:139-45.

9. Bednarek FJ, Bean S, Barnard MR, Frelinger AL, Michelson AD. The

platelet hyporeactivity of extremely low birth weight neonates is age-de-

pendent. Thromb Res 2009;124:42-5.

10. Brissaud O, Guichoux J. Patent ductus arteriosus in the preterm infant:

a survey of clinical practices in French neonatal intensive care units. Pe-

diatr Cardiol 2011;32:607-14.

11. Castle V, Andrew M, Kelton J, Giron D, Johnston M, Carter C. Fre-

quency and mechanism of neonatal thrombocytopenia. J Pediatr 1986;

108:749-55.

12. Murray NA, Roberts IA. Circulating megakaryocytes and their progeni-

tors in early thrombocytopenia in preterm neonates. Pediatr Res 1996;

40:112-9.

13. Watts TL, Murray NA, Roberts IA. Thrombopoietin has a primary role

in the regulation of platelet production in preterm babies. Pediatr Res

1999;46:28-32.

14. National High Blood Pressure Education Program Working Group on

High Blood Pressure in Pregnancy. Report of the National High Blood

Pressure Education Program Working Group on High Blood Pressure

in Pregnancy. Am J Obstet Gynecol 2000;183:S1-22.

15. Alexander GR, Himes JH, Kaufman RB, Mor J, Kogan M. A United

States national reference for fetal growth. Obstet Gynecol 1996;87:163-8.

16. Papile LA, Burstein J, Burstein R, Koffler H. Incidence and evolution of

subependymal and intraventricular hemorrhage: a study of infants with

birth weights less than 1500 gram. J Pediatr 1978;92:529-34.

17. Kluckow M, Evans N. Early echocardiographic prediction of symptom-

atic patent ductus arteriosus in preterm infants undergoing mechanical

ventilation. J Pediatrics 1995;127:774-9.

18. Lupton BA,Hill A,WhitfieldMF, Carter CJ,Wadsworth LD, Roland EH.

Reduced platelet count as a risk factor for intraventricular hemorrhage.

Am J Dis Child 1988;142:1222-4.
6

19. Bonifacio L, Petrova A, Nanjundaswamy S, Mehta R. Thrombocytope-

nia related neonatal outcome in preterms. Indian J Pediatrics 2007;74:

269-74.

20. Dani C, Poggi C, Barp J, Berti E, Fontanelli G. Mean platelet volume and

risk of bronchopulmonary dysplasia and intraventricular hemorrhage in

extremely preterm infants. Am J Perinatol 2011;28:551-6.

21. Roberts I, Murray NA. Neonatal thrombocytopenia. Semin Fetal Neona-

tal Med 2008;13:256-64.

22. Michelson AD. Platelet function in the newborn. In: Michelson AD, ed.

Platelets. 2nd ed. Burlington, San Diego, London: Academic Press/Elsev-

ier Science; 2007. Chapter 16, pp 267-75.

23. Israels SJ, Rand ML, Michelson AD. Neonatal platelet function. Semin

Thromb Hemost 2003;29:363-71.

24. Michelson AD, Barnard MR, Krueger LA, Frelinger AL III, Furman MI.

Evaluationof platelet function byflowcytometry.Methods 2000;21:259-70.

25. Rajasekhar D, Barnard MR, Bednarek FJ, Michelson AD. Platelet hypo-

reactivity in very low birth weight neonates. Thromb Haemost 1997;77:

1002-7.

26. Strauss T, Sidlik-Muskatel R, Kenet G. Developmental hemostasis: pri-

mary hemostasis and evaluation of platelet function in neonates. Semin

Fetal Neonatal Med 2011;16:301-4.

27. Capone ML, Tacconelli S, Di Francesco L, Sacchetti A, Sciulli MG,

Patrignani P. Pharmacodynamic of cyclooxygenase inhibitors in hu-

mans. Prostaglandins Other Lipid Mediat 2007;82:85-94.

28. Majed BH, Khalil RA. Molecular mechanisms regulating the vascular

prostacyclin pathways and their adaptation during pregnancy and in

the newborn. Pharmacol Rev 2012;64:540-82.

29. Stuart MJ, Dusse J. In vitro comparison of the efficacy of cyclooxygenase

inhibitors on the adult versus neonatal platelet. Biol Neonate 1985;47:

265-9.

30. Sheffield MJ, Schmutz N, Lamber DK, Henry E, Christensen RD. Ibu-

profen lysine administration to neonates with a patent ductus arteriosus:

effect on platelet plug formation assessed by in vivo and in vitro mea-

surements. J Perinatol 2009;28:39-43.
Brunner et al


	Patent Ductus Arteriosus, Low Platelets, Cyclooxygenase Inhibitors, and Intraventricular Hemorrhage in Very Low Birth Weigh ...
	Methods
	Statistical Analyses

	Results
	Discussion
	References


