
cardiac operations. The incidence of POAF in this
study was similar to that in other surgical cardiac
populations despite our patients being younger than
most surgical cohorts. However, patients with POAF
in this study did not seem to have more acute symp-
toms (need for inotropic support, need for reoperation,
duration of intensive care unit stay) than patients
remaining in sinus rhythm. This longer hospital stay
was generally attributable to ensuring adequate heart
rate control, restoring sinus rhythm, and administering
anticoagulation therapy.

The treatment of POAF depends in large part
on the timing, duration, and hemodynamic milieu.
This small study does not support a prophylactic
strategy, because one third of patients developing
POAF were receiving amiodarone before opera-
tion. Our results suggest that POAF occurs in ap-
proximately 30% of patients with obstructive HC
after septal myectomy. AF was not associated with
a more complicated postoperative period and is
relatively easily controlled or converted.
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Incidence of Patent Ductus Arteriosus and Patent
Foramen Ovale in Normal Infants

David Connuck, MD, Jing Ping Sun, MD, Dennis M. Super, MD, MPH,
H. Lester Kirchner, PhD, Linda Goetz Fradley, RN, Rose A. Harcar-Sevcik, PNP,
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As part of a study on the effects of in-utero cocaine
exposure on the heart, a cohort of 104 full-term,

healthy infants who did not have intrauterine drug
exposure underwent extensive echocardiographic ex-
amination at birth and at 2 to 6 months of age. These
studies were evaluated for the presence of a patent
ductus arteriosus (PDA) and patent foramen ovale
(PFO). Infants were eligible for the study if they were
�72 hours old, weighed �1,500 g, and were between
33 and 42 weeks gestation. In all, 64 infants were
excluded from the study because of various maternal

and neonatal causes. We excluded infants born to
mothers who used medications during pregnancy,
such as bronchodilators, that may have affected the
cardiovascular system. We also excluded infants of
mothers with acute or chronic diseases such as sys-
temic hypertension, hepatitis, diabetes mellitus, sep-
sis, and human immnunodeficiency virus infection,
symptomatic infants who required administration of
oxygen beyond 5 minutes, ventilatory support, or ad-
mission to neonatal intensive care unit; and newborns
with associated congenital anomalies including car-
diac defects (except PDA, PFO, or physiologic mitral,
tricuspid, or pulmonary regurgitation).

• • •
Demographic and medical characteristics at the

time of infant birth were abstracted from the hospital
record. A pediatric cardiologist confirmed all physical
examinations in infants with PDA. The study was
approved by the institutional review board for human
investigation at MetroHealth Medical Center and Case
Western Reserve University. Informed written con-
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sent was obtained from the legal guardians/parents of
all participants.

All infants underwent echocardiography including
color flow Doppler with a 5-MHz transducer (SONOS
5500 Ultrasonograph, Hewlett-Packard Company,
Andover, Massachusetts) by an experienced pediatric-
trained sonographer. Echocardiographic tapes were
reviewed by at least 1 cardiologist (JPS or DC). Pres-
ence of PFO and PDA were determined by color flow
Doppler recordings of the subcostal and parasternal
short-axis view, with confirmation by pulsed-wave

Doppler. We defined a PFO as a left-
to-right atrial shunt through the se-
cundum atrial septum, with a diam-
eter of �3 mm, and a flap derived
from the septum primum.

Data were analyzed using SAS
Version 8.0 (SAS Inc., Cary, North
Carolina). To examine differences
between infants with or without a
PDA or PFO, the demographic data
were analyzed using Pearson’s chi-
square and the Wilcoxon rank-sum
test for categorical and continuous
data, respectively. The proportion of
PDA and PFO was analyzed, using
the Cochran-Armitage trend test, to
test for trend in binomial proportions
across hours of life categories. In
comparison of the overall proportion
of PDA and PFO between birth and
2- to 6-month follow-up, the gener-
alized estimating equations were
used to account for the correlated
data and the fact that some infants
were lost to follow-up. Exact 95%
confidence intervals are also re-
ported. Statistical significance was
defined as p �0.05 (2-tail).

Although our inclusion criteria al-
lowed infants in the age range of 33
to 42 weeks gestation, the youngest
gestational age infant enrolled in this
study was 36 weeks. Likewise, in-
fants up to 72 hours of age were
eligible for inclusion in this cohort,
but the oldest infant in the cohort
was 57 hours of age at the time of
first echocardiographic study.

One hundred four infants met cri-
teria for inclusion in this cohort. Two
infants did not have complete echo-
cardiographic studies at birth, and
were excluded from analysis. The
average age of evaluation as a new-
born was 28 � 11 hours of age. The
average age of evaluation for fol-
low-up was 2.2 � 1.0 months (range
1.7 to 6.8) of age. There was no
significant difference in any of the
demographic characteristics of in-
fants with or without PDA or with or

without PFO at birth (Tables 1 and 2). There was a
predominance of African-Americans in this cohort.
However, there was no difference between races in the
incidence of PDA (p � 0.35) or PFO (p � 0.58).

Overall, 46 infants (45%) had presence of PDA at
the time of initial study. Results of the Cochran-
Armitage trend test concluded that there was no sig-
nificant trend in the incidence of PDA over the first 60
hours of life (p � 0.118). In a logistic regression
model, we controlled for the effect of gender on the
linear trend across time. When controlling for gender,

TABLE 1 Demographic Data of Normal Newborns by PDA Status at Birth

PDA Absent (n � 56) PDA Present* (n � 46)

Infants
Time evaluated (h) 29 � 11 (5–58) 26 � 10 (9–49)
Body surface area (m2) 0.21 � 0.02 (0.18–0.27) 0.21 � 0.01 (0.18–0.25)
Boys 27 (48%) 25 (54%)
Birth weight (kgs) 3.32 � 0.44 (2.4–4.6) 3.18 � 0.38 (2.4–4.1)
Birth length (cm) 50 � 2 (47–57) 50 � 2 (45–55)
Gestational age (wks) 40 � 1 (36–42) 39 � 1 (36–42)
Head circumference (cm) 34 � 1 (31–40) 34 � 1 (31–37)
Apgar 1 min 8.5 � 0.7 (7–9) 8.5 � 1.2 (4–9)
Apgar 5 min 9.0 � 0 (9–9) 8.9 � 0.5 (6–9)

Mothers
Age (yrs) 22 � 4 (18–37) 22 � 3 (18–32)
Caucasian 14 (25%) 7 (15%)
African-American 37 (66%) 32 (70%)
Hispanic 5 (9%) 7 (15%)
Prenatal visits 8.4 � 3.4 (2–15) 7.1 � 3.5 (1–16)
Gravida 2.7 � 1.7 (1–10) 2.9 � 1.4 (1–8)
Employed 14 (25%) 19 (42%)
Parity 2.2 � 1.3 (1–8) 2.2 � 0.9 (1–5)
Education (yrs) 11.6 � 1.5 (8–16) 11.8 � 1.7 (7–15)

*There were no statistically significant differences between groups for any of the demographic
characteristics.

Values are expressed as mean � SD (range).

TABLE 2 Demographic Data of Normal Newborns by PFO Status at Birth

PFO Absent (n � 39) PFO Present* (n � 63)

Infants
Time evaluated (h) 25.8 � 10.8 (5–46.3) 28.9 � 10.8 (6–57.6)
Body surface area (m2) 0.21 � 0.02 (0.18–0.27) 0.21 � 0.01 (0.18–0.25)
Boys 19 (49%) 33 (52%)
Birth weight (kg) 3.29 � 0.47 (2.44–4.61) 3.24 � 0.38 (2.45–4.18)
Birth length (cm) 49.8 � 2.6 (45–56.5) 49.8 � 2.1 (45–55)
Gestational age (wks) 39 � 1 (36–42) 39 � 1 (36–42)
Head circumference (cm) 34 � 1 (32–40) 34 � 1 (31–37)
Apgar 1 min 8.5 � 0.9 (4–9) 8.5 � 0.9 (4–9)
Apgar 5 min 8.9 � 0.5 (6–9) 8.9 � 0.1 (8–9)

Mothers
Age (yrs) 22 � 4 (18–32) 22 � 4 (18–37)
Caucasian 9 (23%) 12 (19%)
African American 27 (69%) 42 (67%)
Hispanic 3 (8%) 9 (14%)
Prenatal visits 8.4 � 3.9 (1–16) 7.5 � 3.2 (2–15)
Gravida 2.8 � 1.8 (1–10) 2.8 � 1.5 (1–8)
Employed 9 (24%) 24 (38%)
Parity 2.3 � 1.4 (1–8) 2.1 � 0.9 (1–5)
Education (yrs) 11.8 � 1.6 (8–16) 11.6 � 1.5 (7–15)

*There were no statistically significant differences between groups for any of the demographic
characteristics.

Values are expressed as mean � SD (range).
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male and female infants were similar (p � 0.642), and
the linear trend in proportion across time was not
significant (p � 0.102).

Eighty-nine of the 102 infants (87.2%) returned for
the follow-up visit at 2 to 6 months of age. Four of the
89 infants (4.5%) had PDA. All the infants with PDA
at follow-up also had a PDA noted during their initial
examination. None of the 4 had an audible murmur at
any examination during the study or at follow-up. At
follow-up evaluation, the age of the infants with a
PDA was 3.3 � 1.9 months (range 1.8 to 6.1) versus
2.2 � 1.0 months (range 1.7 to 6.8) for infants without
a PDA. Two of the 4 infants with PDA were male.
Two of the infants with PDA were lost to follow-up
after the second visit (1 male and 1 female infant). Of
the remaining 2 infants, 1 PDA spontaneously closed
by 23 months of age (female) and the other still had a
clinically undetectable PDA by echo at 9 months of
age.

At the time of initial study, 63 infants (62%) had
evidence of a PFO. Results of the Cochran-Armitage
trend test concluded that there is no significant change
in the proportion of infants with a PFO over the first
60 hours of life (p � 0.287). In a logistic regression
model, we controlled for the effect of gender on the
linear trend across time. There was no difference in
the overall incidence of PFO between male and female
infants (p � 0.60). The linear trend across time was
different between male and female infants (p �
0.033). The proportion of female infants with a PFO
increased over time, whereas male infants did not
show evidence of a linear trend. Data were available
for the detection of a PFO in 88 subjects at the
follow-up visit. Forty-eight of 88 infants (55%) had a
PFO. The age of the infants at the time of the fol-
low-up visit was 2.2 � 0.8 months (range 1.7 to 6.1)
for those with versus 2.3 � 1.3 months (range 1.7 to
6.8) for those without a PFO. There was no difference
in the proportion of infants with a PFO at follow-up
compared with the initial evaluation (Table 3), and
there was no difference in the proportion of male to
female infants with a PFO at follow-up.

• • •
The key finding of our study is the presence of a

“silent” PDA in 4.5% of normal infants at 2 to 6
months of age. This is higher than has previously been
reported. Infants with a PDA were asymptomatic and
had no clinical signs of PDA. Of the 2 subjects who

were available for further follow-up,
1 had continued echocardiographic
evidence of a PDA at 9 months of
age, whereas the other had spontane-
ous closure of the PDA by 23 months
of age. This provides evidence con-
firming that the silent PDA may
close spontaneously up to 2 years of
age, as has been reported.1 This also
supports the practice, as occurs in
our institutions, of using endocarditis
prophylaxis, but not intervening to
close the silent PDA.

We observed the presence of a
PDA in 45% of normal infants. There are at least 4
studies in which newborns were sequentially evalu-
ated for PDA over the first 4 to 6 days of life.2–5 Our
data for the first 60 hours of life are similar to the first
60 hours of data in these studies. We observed that 1
infant had persistence of ductal flow at 57 hours,
which is consistent with data from these 4 studies—
that persistence of ductal patency occurs at this age.
Each of the aforementioned studies shows a trend
toward ductal closure with time. Two studies con-
cluded that all PDAs were closed based on 2-dimen-
sional and pulsed or continuous-wave Doppler exam-
inations without the use of color flow Doppler.1,3 This
may have resulted in missing very small ductal shunts.
In each of the 4 studies, follow-up ended with the
closure of the ductus. Because there is a high rate of
reopening of the ductus after initial closure (6 of 20
infants on postnatal days 4, 5, and 6 in 1 report),6 the
use of the criterion of ductal closure may cause an
underestimation of the incidence of PDA after the
early newborn period. Our data show no difference in
the presence of PDA in the early newborn period
between male and female infants or based on other
demographic parameters.

We observed a PFO in 62% of infants in the first 60
hours of life and in 54% at 2 to 6 months of age. Despite
knowing the possibility of a PFO at 2 to 6 months of age
from catheterization and echocardiographic experience,
the high incidence noted in our follow-up examination
has not been reported. The high incidence is most likely
a result of the sensitivity of color flow Doppler. We also
noted an increased presence of flow through a PFO in
newborn female infants over the first 60 hours of life,
which was not present in male infants, or in the group
taken as a whole. This gender difference has also not
previously been reported. It is possible that this is a
statistical difference due to decreased sample size when
dividing our cohort into 2 groups. However, it could be
a hemodynamic marker for factors that result in better
survival of preterm female than preterm male infants.7

In summary, our findings suggest that 45% and
62% of full-term, healthy, newborn infants have a
PDA and/or PFO, respectively, during the first 60
hours of life. The incidences of silent PDA (4.5%) and
PFO (54.5%) at 2 to 6 months of age, as observed by
color flow Doppler, have not been previously re-
ported. A larger, long-term prospective study is

TABLE 3 Incidence of PDA and PFO in Newborns and at Two to Six Months of
Age

Birth (n � 102) 2–6 mo (n � 89) p Value†

PDA present 46 4 �0.001
(45.1%, 95% CI 35.2, 55.3) (4.5%, 95% CI 1.2, 11.1)

PFO present 63 48 0.221
(61.8%, 95% CI 51.6, 71.2) (54.5%, 95% CI 43.6, 65.2)*

*PFO at follow-up is out of 88 infants.
†The p value from generalized estimation equation models testing the proportion of PDA and PFO

presence, equal at birth and at 2 to 6 months.
CI � confidence interval.
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needed to study the natural history and the long-term
clinical implications of these lesions.
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