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Abstract Down syndrome (DS) patients have an increased
risk of developing pulmonary hypertension later in life
compared to age-matched controls. The goal of this study
was to determine if the incidence of persistent pulmonary
hypertension of the newborn (PPHN) is also higher in neo-
natal DS patients compared to the general population. A
retrospective chart review of DS patients admitted during a
3-year period to the neonatal intensive care unit was
performed. DS patients with meconium aspiration syn-
drome, pulmonary infections, or pulmonary space-occupy-
ing lesions were excluded. DS patients were divided into four
groups based on treatment and consisted of no intervention
(A), supplemental oxygen (B,) mechanical ventilation use
(C), and inhaled nitric oxide administration (D). Group D
was defined as having PPHN. z test of the difference between
sample and known population, chi-square, 7-test, and anal-
ysis of variance with Tukey adjusted post hoc test were used
for analysis. p < 0.05 was considered significant. A total of 58
patients met inclusion criteria. Twenty-four DS patients
were in group A, 17 in group B, 10 in group C, and 7 in group
D. There was no difference between the four groups for
gender (males: 10, 5, 5, and 5, respectively), gestational age
(36.4, 38.2,36.4, and 36.4 weeks, respectively), weight (2.8,
3.0, 2.4, and 3.0 kg, respectively), or the presence of con-
genital heart defects (17, 10, 6, and 1, respectively). The
estimated number of DS patients born in the state of Ohio
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during this period was 598; therefore, the incidence of PPHN
in DS was 1.2%. The reported incidence of PPHN is 0.1%.
The Reported incidence of PPHN was significantly lower
versus the incidence of PPHN in DS (z = 2.7, p = 0.007). It
was concluded that DS patients have an increased incidence
of PPHN compared to historical controls regardless of
baseline demographics.
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Children with Down syndrome (DS) have an increased risk
for developing pulmonary hypertension. This may be due
to multiple factors, including the presence of congenital
heart disease with persistent left-to-right shunts [7, 24],
chronic upper airway obstruction [15, 20], or abnormal
pulmonary vasculature growth [8]. In addition, patients
with DS and congenital heart disease seem to develop
pulmonary hypertension at a faster rate and have persistent
disease after cardiac surgery compared to non-DS patients
with similar defects [6, 12]. Although damage to the pul-
monary vasculature occurs over time, there also appears to
be a subset of DS patients who develop pulmonary
hypertension in the neonatal period [22].

Upper airway obstruction causing hypoventilation and
heart defects with left-to-right shunts would not explain the
development of pulmonary hypertension in neonates with
DS. If there is an increased incidence of pulmonary
hypertension in this neonatal population, then this would be
consistent with the hypothesis that there are intrinsic fac-
tors in DS patients that place them at an increased risk for
developing neonatal pulmonary hypertension.

The objective of this study was to document the inci-
dence of persistent pulmonary hypertension of the newborn
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(PPHN) in the neonatal DS population and determine if this
is higher than expected compared to the reported incidence.

Materials and Methods

The investigational review board at Columbus Children’s
Hospital approved this study. Records of neonates born
during a 3-year period from October 2002 to November
2005 with documented diagnosis of trisomy 21 and
admitted to the neonatology intensive care unit (NICU)
were reviewed. Demographics including gender, weight,
gestational age, and the presence of cardiac defects were
recorded. The echocardiogram was considered anatomi-
cally normal if the neonate had no intracardiac abnormal-
ities or only had a patent ductus arteriosus and/or patent
foramen ovale.

Neonates with meconium aspiration syndrome, pulmo-
nary infections, or associated congenital malformations
that may cause pulmonary hypertension such as pulmonary
space-occupying lesions were excluded from this study;
therefore, all cases of pulmonary hypertension reviewed
were idiopathic in nature. PPHN was defined as being
present if all three of the following criteria were met: (1) a
right-to-left shunt at the ductal level or flattening of the
interventricular septum in the absence of a patent ductus
arteriosus by echocardiography, (2) use of greater than
50% supplemental oxygen, and (3) nitric oxide adminis-
tration [25]. Other interventions used to treat hypoxemia
were also recorded. Interventions included use of nasal
cannula oxygen, continuous positive airway pressure,
conventional ventilator, high-frequency ventilator, or
extracorporeal membrane oxygenation (ECMO). The
administration of nitric oxide, surfactant, or sildenafil was
documented. Total ventilator days, total length of hospi-
talization, death during hospitalization, and use of home
oxygen were also recorded. Patients were divided into four
groups—A, B, C, and D. Group A patients had no inter-
ventions performed, group B patients were treated with
nasal cannula or continuous positive airway pressure,
group C patients were treated with mechanical ventilation,
and group D patients were treated with inhaled nitric oxide
(NO). Group D patients met criteria for PPHN.

Comparisons were performed between the four different
groups. Finally, data from the State Department of Health
and reported incidence data [10, 25] were used to deter-
mine if the incidence of PPHN was higher in neonates with
DS compared to the general population.

Statistical Analysis

The effect of degree of groups on various measured data
was tested with chi-square, ¢ test, and analysis of variance

(ANOVA) with Tukey adjusted post hoc paired compari-
sons performed when appropriate. z test of the difference
between a sample proportion and a known population value
was used to determine if the incidence of PPHN was dif-
ferent between DS and reported incidence data for the
general population. A p value <0.05 was considered sig-
nificant.

Results

A total of 58 patients with the diagnosis of DS who met
inclusion criteria were admitted to the NICU during the
study period. Twenty-four patients (41%) were classified in
group A, 17 (29%) in group B, 10 (17%) in group C, and 7
(12%) in group D. There were no significant differences in
gender or the presence of complex congenital heart disease
between the four groups of patients (Table 1). There was
also no difference in gestational age in weeks (A, 36.4 +
3.2;B,382+1.2;C, 364 +3.6;D,36.4+28; ANOVA F
= 1.8, p = 0.16) or birth weight in kilograms (A, 2.8 = 0.8;
B,3.0+0.5;C,24+0.8;D,3.0+1.0, ANOVAF=1.5,p
= 0.23) between the four groups. Group A had 4 patients
with prenatal risk factors (decrease fetal movements,
maternal fever, and maternal GBBS+ Xx2), group B had 7
patients (decrease fetal movements, maternal Klebsiella
infection, maternal GBBS+, oligohydramnios X2, maternal
fever, and fetal heart rate decelerations), group C had 3
patients (fetal heart rate decelerations, oligohydramnios,
and preeclampsia), and group D had 2 patients (oligohy-
dramnios and bilateral pleural effusions). There was a
nonsignificant association between risk factors and groups
(chi-square = 3.04, p = 0.39). The 1- and 5-minute APGAR
scores, respectively, were as follows: group A, 6.8 + 1.6
and 8.0 = 0.8; group B, 6.7 + 1.8 and 8.4 + 0.7; group C,
6.6 £ 1.3 and 8.0 = 0.9; and group D, 3.7 £ 3.8 and 4.7 +
3.1. Tukey adjusted test revealed significant differences
between group D and all other groups for APGARS at both
1 minute (all, p < 0.02) and 5 minutes (all, p < 0.001).

Table 1 Baseline Discrete Variables of Down Syndrome Patients

Group Chi-square  p value
A B C D
Gender
Male (n) 10 5 5 5 3.80 0.28
Female (n) 14 12 5
CHD
Normal (n) 7 7 4 6 7.16 0.67

Complex (1) 17 10 6

CHD, congenital heart disease
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In the seven patients with PPHN (group D), one patient
had an atrioventricular septal defect, one had normal anat-
omy, and five had a patent ductus arteriosus. Oxygen satu-
ration at hospital admission was 75.3 = 19.0% for this group,
which was significantly different compared to the other
groups (ANOVA F = 8.0, p < 0.001). During the hospital
course, three patients were treated with high-frequency
ventilation (p = 0.001), one patient was placed on ECMO,
two patients were treated with sildenafil (p = 0.002), and
three patients treated with surfactant (p = 0.001). These
treatments for the severe PPHN group were all significantly
different compared to those of the other groups. ECMO use
was not able to be statistically analyzed. The mean duration
of mechanical ventilation was 11.6 + 5.8 days, and the total
hospitalization lasted a mean of 40.3 + 30.9 days (Table 2).
When the two patients who died (patients 3 and 7) were
excluded, the length of hospitalization increased to 51.6 +
21.6 days. The duration of mechanical ventilation was sig-
nificantly longer in group D (11.6 £ 5.8 days) than in group C
(5.3+4.1days) (ANOVA p=0.001, Tukey p <0.05). Length
of hospital stay for the survivors was not significantly dif-
ferent between group D (51.6 £ 21.6 days) and group C (55.6
+33.7 days), but it was significantly longer for both group D
and group C compared to that for groups B and A (B, 18.4 +
16.6days; A,21.3+17.2days; ANOVA p<0.001, Tukey p <
0.05). Two patients were discharged on supplemental oxy-
gen and two patients died while hospitalized in group D.

During the 3-year study period, there were 79,757 live
births in the seven-county central Ohio referral region and
approximately 450,000 live births in the entire state of
Ohio (Ohio State Department of Health). The national
estimated number of DS births per live births is 13.29/
10,000 [10]; therefore, the estimated number of DS cases
for the seven-county region during this 3-year period is 106
DS patients, and that for the state is 598 DS patients. The
incidence of PPHN in DS neonates for the seven-county
region would thus be 6.60% (7/106) and for the state would

Table 2 PPHN Group D

be 1.17% (7/598). Since there are other hospitals in the
state that would also treat DS patients with PPHN, the
estimated state incidence of PPHN in DS is therefore a
conservative estimate when using a single-center database.
The reported incidence of PPHN in neonates is approxi-
mately 0.10% [25]. The estimated state incidence of 1.17%
(z=2.44, p = 0.007) and the estimated seven-county region
incidence of 6.60% (z = 2.70, p = 0.003) of PPHN were
both significantly higher compared to the reported inci-
dence of 0.10% by z test of the difference between a
sample population and a known population value.

Discussion

Pulmonary hypertension is a well-described phenomenon
in DS patients [12, 16, 20, 22]. The cause of pulmonary
hypertension in this population is multifactorial and may be
due to both anatomical and physiological alterations in the
pulmonary circulation. Decreased alveolar density has been
reported in some DS patients compared to non-DS controls,
and this may be an etiology of the pulmonary hypertension
[8]; however, the data are conflicting [26]. Chronic
obstructive upper airway obstruction would cause hypox-
emia that could eventually lead to pulmonary hypertension
in older DS patients [14, 20]; however, this would not be a
cause of PPHN. DS patients with congenital heart disease
such as an atrioventricular septal defect are also exposed to
persistent left-to-right blood flow shunts [9, 12]. Over time,
this exposure to increased pulmonary blood flow would
result in increased shear stress on endothelial cells and
might impair production of NO, a potent vasodilator. All of
the previously discussed etiologies would require a period
of time to result in clinically detectable pulmonary
hypertension and thus are unlikely to be involved in the
pathogenesis of PPHN in neonatal DS patients. This study
documented a significantly increased incidence of PPHN in

Patient  Initial oxygen High-frequency Ventilator ECMO Sildenafil Surfactant CHD  Hospital Home Hospital
No. saturation (%) ventilator use (days) length (days) oxygen use death
1 85 No 4 No No Yes PDA 21 Yes —
2 64 No 17 No Yes Yes PDA 100 No —
3 54 Yes 13 Yes No Yes PDA 13 — Yes
4 51 No 20 No Yes No NL 40 Yes —
5 96 No 7 No No No PDA 54 No —
6 81 Yes 7 No No No AVSD 43 No —
7 96 Yes 13 No No No PDA 11 — Yes
Average 72.5 +19.0 11.6 £ 5.8 40.3 £ 30.9

+ SD

AVSD, atrioventricular septal defect; CHD, congenital heart disease; ECMO, extracorporeal membrane oxygenation; PPHN, idiopathic per-
sistent pulmonary hypertension; NL, normal; PDA, patent ductus arteriosus

@ Springer



Pediatr Cardiol (2007) 28:250-254

253

neonatal DS patients compared to the reported incidence.
Furthermore, there were no differences in demographics or
risk factors between the DS groups in this study that would
explain the presence of PPHN.

The increased incidence of PPHN in DS patients sug-
gests that there may be something intrinsically related to
DS that put these patients at increased risk for neonatal
pulmonary hypertension. When comparing patients with
DS and congenital heart disease with non-DS patients with
similar defects, the DS patients appear to develop pulmo-
nary hypertension at a faster rate and have persistence of
pulmonary hypertension after cardiac surgery [12]. A
recent study showed that DS patients may have an abnor-
mal production of NO but respond appropriately to exog-
enous NO administration in the peripheral circulation [5].
Another study documented less pulmonary vasodilation
response to NO in DS patients versus controls in the car-
diac catheterization laboratory [4].

Thus, a genetic factor in this population may contribute
to and explain the increased incidence of PPHN in this
population. Recently described genetic polymorphisms,
such as eNOS [13, 23, 27], ACE [1-3], ATIR [11, 18], and
BMPR?2 [17, 19, 21], have been associated with abnormal
NO production and increased risk for systemic and pul-
monary hypertension in the general population. One study
testing for BMPR2 mutation in patients with congenital
heart disease and pulmonary hypertension showed an
occurrence in a subset of DS patients [19]. Therefore, the
presence of an increased incidence of PPHN in DS patients
is consistent with the hypothesis that there is an intrinsic
cause for the development of PPHN in DS patients.

There are multiple limitations of this study. It is a ret-
rospective study with all the inherent shortcomings asso-
ciated with such a design. There were also assumptions
made about the number of DS patients born during this
period, but the incidence data were obtained from reliable
state sources and national registries [10]. The data analyzed
used only well-described cases of PPHN and a statewide
incidence (1.17%) compared to the reported incidence in
the general population to be as conservative as possible.
Even with these very conservative assumptions and defi-
nitions, there was a significant difference in the incidence
of PPHN in the DS patients compared to the reported
incidence in the general population. This data included
only DS patients admitted to one center, and there may be
some DS patients born in the seven-county referral area
who may have been treated at other institutions for PPHN;
however, this error would only tend to underestimate the
incidence of PPHN in DS patients. The true incidence of
PPHN in DS patients most likely lies somewhere between
the statewide estimate of 1.17% and the seven-county
estimate of 6.60%.

In conclusion, neonatal DS patients have a greater
incidence of PPHN compared to the general population
regardless of baseline demographics or risk factors. This
finding is consistent with an intrinsic predisposition for
PPHN among DS patients, but further studies are required
to determine these possible intrinsic predispositions.
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