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Background and Objectives: Pulmonary arterial hypertension (PAH) is a rare disease with a poor prognosis. The
aim of this study was to characterize PAH in pediatric patients by evaluating the patients demographics, clinical
and hemodynamic variables, treatments, and outcomes. Subjects and Methods: Sixty-five patients who were
diagnosed with PAH at Seoul National University Children’s Hospital between January 1985 and August 2007
were retrospectively reviewed. Results: There was no difference in gender distribution (males, 33; females, 32).
The mean age at the time of diagnosis was 5.7+ 5.2 years and the mean follow-up period was 6.3 £5.5 years. The
major causes of PAH were congenital heart disease (CHD) in 32 patients (49.2%) and idiopathic PAH in 11
patients (16.9%). The most common presenting symptom was dyspnea in 44 patients (67.7%). The mean cardio-
thoracic ratio was 58.98.3%, which decreased to 55.9%8.3% after vasodilator therapy (p=0.011). The mean
pulmonary arterial pressure at the time of cardiac catheterization was 59.7 +18.7 mmHg and the mean pulmonary
vascular resistance was 14.9 9.7 wood units * m”. Forty-three of 65 patients (66.2%) had vasodilator therapy
(prostacycline, sildenafil, and bosentan). A statistically significant decrease in tricuspid valve regurgitation velocity
(4.81+0.8 m/sec vs. 3.6 1.0 m/sec, p=0.001), and an increase in diastolic dimension of the left ventricle (28.3
112.1 mm vs. 33.2%210.2 mm, p=0.021) on echocardiography before and after vasodilator therapy was demon-
strated. The 5-, 10-, and 15-year survival rates were 96%, 92% and 65%, respectively. Six of 65 patients (9.2%)
with PAH died. There was no significant correlation between outcome and the immediate response to the vasodi-
lators. Conclusion: PAH is a devastating disease which is rare in children. PAH in children has a variable pattern
cause and progression, the confirmation of which requires analysis of detailed registries from nationwide hospitals.
(Korean Circ J 2008;38:644-650)
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Introduction virus (HIV) infection, and exposure to toxins and drugs
including appetite suppressants.”

Pulmonary arterial hypertension (PAH) is a rare

disease of the small pulmonary arteries that is charac-
terized by intimal and medial proliferation and remo-
deling. It results in a progressive increase in pulmonary
arterial resistance, and ultimately right ventricular failure
and death." PAH can be idiopathic, familial, or associ-
ated with a number of conditions or disease, such as
congenital heart disease (CHD), portal hypertension,
connective tissue disease, human immunodeficiency
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Information relative to the natural history of PAH has
been derived from a national registry conducted in the
United States in the early 1980s, in which 187 adult pa-
tients were described.? Although considerable medical ad-
vances with respect to PAH have been achieved in the last
2 decades,” the studies on pediatric PAH are limited.*'”

Moreover, the characterization of PAH in Korean
children has not been determined. The aim of this
study was to characterize pediatric PAH by evaluating
the demographic, clinical and hemodynamic variables,
treatments, and outcomes.

Subjects and Methods

Study population
The study population included all patients who met



the diagnostic criteria of PAH at Seoul National Uni-
versity Children’s Hospital between January 1985 and
August 2007. During this period, 178 patients were diag-
nosed with PAH. A retrospective data analysis of the
medical records was conducted with particular attention
to the following findings: clinical history, physical ex-
amination, laboratory tests, chest radiograph, echocar-
diography, and cardiac catheterization.

PAH is defined as follows: 1) mean pulmonary arterial
pressure (PAP) >25 mmHg at rest or >30 mmHg with
exercise and 2) pulmonary capillary wedge pressure <15
mmHg at the time of cardiac catheterization."”"""? If
cardiac catheterization was not available, tricuspid valve
regurgitation (TR) velocity repeatedly >3.5 m/sec on
echocardiography in the cases with no pulmonary ste-
nosis was included."""

We included Eisenmenger syndrome and the patients
who showed persistent PAH for >6 months after cor-
rective operation of CHD. We also included infants with
PAH subsequent to chronic lung disease and broncho-
pulmonary dysplasia (BPD) after 3 months of age.

The exclusion criteria were: 1) preoperative PAH and
short-term reversible PAH, regressed within 6 months
in the case of CHD, 2) PAH associated with BPD, <3
months of age, and 3) persistent pulmonary hyperten-
sion of the newborn (PPHN). Among 178 patients, 65
patients consistent with the diagnostic criteria were ret-
rospectively reviewed.

In agreement with the recent clinical classification,’
PAH was classified as idiopathic, familial, or associated
with CHD, portal hypertension, or interstitial lung dis-
ease (ILD).

)

Cardiac catheterization and vasodilator test

Most patients in this study had at least one short-
term trial with a vasodilator. Before testing, we attempt-
ed to establish a steady state by waiting to obtain base-
line hemodynamic values. Then, the hemodynamic re-
sponse to 100% oxygen breathing was evaluated in most
patients. The protocol for vasodilator testing has re-
mained unchanged, but the selected vasodilator drug
for short-term challenge has changed over the years (to-
lazoline and nitric oxide). On the basis of the hemody-
namic response to the short-term vasodilator trial, we
classified the patients into 2 groups (responders and non-
responders). The criteria for a favorable response to va-
sodilator treatment included the following: 1) a signif-
icant decrease in mean PAP or pulmonary vascular re-
sistance index (Rp, >10% from baseline) and 2) a sig-
nificant increase in oxygen saturation (>10% from base-
line).

Statistical analysis
All statistical analyses were performed with the Sta-

tistical Package for Social Science (SPSS) 12.0 for Win-
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dows (SPSS Inc., Chicago, IL, USA). Continuous data
are presented as the mean with standard deviation when
distributed normally and as the median with range oth-
erwise. Discrete data were given as counts or as percen-
tages. Analysis of demographics, and laboratory and
hemodynamic characteristics of the patients was per-
formed using the paired t-test and the Wilcoxon signed
rank test. For each of the analyses, p<0.05 was consider-
ed statistically significant. For survival analysis, we used
life table analysis and the Kaplan-Meier method.

Results

Demographic findings

The demographic findings are presented in Table 1.
There were 65 patients, 33 of whom were males and 32
of whom were females. Ten patients (15.4%) were diag-
nosed with Down syndrome. The median age was 11.9
years with a range from 6 months to 36 years. The me-
dian age at the time of diagnosis was 5.7 years with a
range from 3 months to 17 years. We followed up all the
survivors with the initial diagnosis and the follow-up
period varied from 3 months to 24 years, with a mean
of 6.3 years.

Classification

The distribution of patients within the various types
of PAH is shown in Table 1. About one-fifth of the
enrolled patients presented with idiopathic (16.9%) or
familial (3.1%) PAH. PAH associated with CHD with a
left-to-right shunt was most common, occurring in 32
patients (49.2%). Underlying CHD included the fol-
lowing cardiac malformations: ventricular septal defect
(VSD) in 9 patients (28.1%), atrial septal defect in 8
patients (25.0%), complex pulmonary atresia with aor-
topulmonary collateral arteries in 3 patients (9.4%) and
transposition of the great arteries (TGA) in 3 patients
(9.4%). Among the patients with PAH and CHD, 16
patients (50.0%) underwent cardiac surgery, 10 patients
(31.3%) were diagnosed with Eisenmenger syndrome,

Table 1. Clinical data at diagnosis for each subgroup of patients
with pulmonary arterial hypertension

Male Female Ageat Dx  Age
(n) (n) (yr) (yr)

Disease subtype

Idiopathic 5 6 84+6.2 139493
Familial 1 1 75164 11.0+4.2
CHD with shunt lesion 16 16 5.7+£49 14.0+9.5
Portal hypertension 1 3 4
Left heart disease 3 4 6.8+4.6 12.5%£4.7
ILD 7 2 14+2.5 4.0+39
Others 1 2 6.5£69 8.3%6.8
Total 33 32 57+5.2 11.948.7

Data are presented as the mean =SD. Dx! diagnosis, CHD: con-
genital heart disease, ILD: interstitial lung disease, yr: year
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and 6 patients (18.8%) did not undergo surgery. ILD
with bronchiolitis obliterans organizing pneumonia oc-
curred in 5 patients (55.6%) and BPD was diagnosed in
4 patients (44.4%). Left heart disease, comprised of
coarctation of aorta, mitral valve stenosis, or dilated
cardiomyopathy (DCMP) existed in 3 (42.9%), 3 (42.9%),
and 1 (14.3%) patients, respectively. Other associations
with PAH consisted of sleep apnea (n=2), portal hy-
pertension (n=1), and pulmonary veno-occlusive disease
(n=1). The age of the PAH group associated with ILD
was significantly younger than the other subgroups (p<
0.05).

Symptoms

Fifty-eight of 65 patients developed symptoms, 14 of
who had =2 symptoms. At the time of diagnosis, dyspnea
was the most frequent symptom {43 patients (74.1%)},
followed by cyanosis {15 patients (25.9%)}, hemoptysis
{4 patients (6.9%))}, peripheral edema {4 patients (6.9%)},
syncope {3 patients (5.2%)}, chest pain {3 patients (5.2%)},
fatigue {2 patients (3.4%)} and palpitations {2 patients
(3.4%)}. Eight of 65 patients (12.3%) complained of no
symptoms.

Laboratory findings

The chest radiograph showed the typical changes as-
sociated with pulmonary hypertension. The mean car-
diothoracic (CT) ratio was 58.9+8.3%; the majority of
the patients (89.1%) had a CT ratio >50%. After vasodi-
lator therapy, the mean CT ratio decreased to 55.9%
8.3% (p=0.011). Before and after vasodilator therapy,
the hemoglobin, hematocrit, prothrombin time interna-
tional normalized ratio (PT INR), and aspartate amino-
transferase (AST), alanine aminotransferase (ALT), and
total bilirubin levels did not change significantly (data
not shown).

Hemodynamic findings
Hemodynamic profiles were measured at the time
when the patients underwent diagnostic tests, including

Table 2. Hemodynamic findings at the time of diagnosis

cardiac catheterization or echocardiography. The data
are summarized in Table 2. Cardiac catheterization was
available in 36 patients (55.4%) at the time of diagnosis.
The remaining patients were diagnosed by echocardio-
graphy. The mean PAP ranged from 32 to 92 mmHeg,
with a median of 60.0 mmHg. The systolic PAP ranged
from 36 to 136 mmHg, with a median of 85.8 mmHg.
The median right atrial pressure was 6.6 mmHg (range,
1-10 mmHg). The median right ventricular systolic pres-
sure was 91.8 mmHg (range, 40.5-135 mmHg). The
median pressure ratio of the left to right ventricle was
1.3. The mean Rp was 15.0 wood units * m*. On echo-
cardiography, the mean peak TR velocity was 4.3 m/sec
and the median pressure gradient was 75.6 mmHg, rang-
ing from 49 to 144 mmHg. The mean peak pulmonary
valve regurgitation velocity was 3.3 m/sec.

The data on the hemodynamic response to the short-
term administration of vasodilators was available for 21
of the patients. Nine of the 21 patients did not respond
to vasodilator therapy. In these patients, neither the
mean PAP nor the Rp decreased by administration of
the drug (non-responder, p>0.05). In other patients,
the mean PAP and Rp decreased after the vasodilator
test (responder, p<0.05). The result of the vasodilator
test is presented in Fig. 1. We found no significant cor-
relation between gender and the immediate response to
the vasodilator.

Treatment

Anticoagulation therapy was administered to 13 pa-
tients (20.0%). Digoxin, furosemide, and spironolactone
were given to 21, 14, and 9 patients, respectively. Twenty-
two of the 65 patients (35.4%) had no vasodilator treat-
ment. Among them, 14 patients had no medications.

Forty-three patients were treated with vasodilator
therapy. The vasodilators were usually initiated with oral
prostacyclin analogues (PGI, 48.8%) which were re-
cently switched to sildenafil and/or bosentan in 14
cases. Cough and wheezing were reported in 1 patient
treated with PGI for 60 months, who then discontinued

Systolic RV

Rp

Mean PAP  Systolic PAP pressure Pressure ratio (wood TR velocity Ap (mmHg)
(mmHg) (mmHg) (mmHg) (LV/RV) units -+ m?) (m/sec)
Disease subtype (n)
Idiopathic (11) 70.7+t19.1  98.7%t33.8 115.0%28.3 1.0£0.3 17.4£10.8 43+0.7 759+25.8
Familial (2) 80 111 1.0 14.9 48+1.1 94.71+43.4
CHD with shunt lesion (32) 60.0+t16.2  86.2£20.5 93.3£19.2 09+0.4 16.2%+9.9 45+0.8 81.6+29.8
Portal hypertension (1) 54 71 1.7 15.1 4.7 88.4
Left heart disease (7) 56.6*£21.8  78.8%£33.7 83.5£35.9 1.8+0.8 10.1£9.0 42+0.7 70.8+23.7
ILD (9) 3.6%0.1 50.7+3.8
Others (3) 3.7£0.1 53.7+£2.7
Total 59.7+18.7  85.0%25.6 93.4+23.1 1.2%+0.5 14.9+9.7 43+0.8 7531277

Data are presented as the mean £SD. PAP: pulmonary arterial pressure, RV: right ventricle, LV: left ventricle, Rp: pulmonary vascular
resistance, TR! tricuspid valve regurgitation, Ap: pressure gradient, CHD: congenital heart disease, ILD: interstitial lung disease
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Fig. 1. Comparison of mean pulmonary arterial pressure (PAP) and pulmonary vascular resistance (Rp) change during the vasodilator
test. After the vasodilator test, (A) the mean PAP and (B) Rp decreased significantly (p<0.05).

the PGI and had no vasodilator therapy.

Eighteen patients (41.9%) were treated with sildenafil,
a phosphodiesterase-5 inhibitor. Sildenafil was adminis-
tered for an average of 15.8 months. Eight of 19 pa-
tients (CHD, 4 patients; ILD, 4 patients) discontinued
sildenafil because of an improvement in symptoms. One
of 18 patients continued sildenafil and 5 patients were
treated with sildenafil in combination with bosentan.
Rash was reported in one patient, who discontinued
sildenafil. In this group, 4 patients died.

Four patients (9.3%) were treated with bosentan, a
non-specific endothelin antagonist. Two patients dis-
continued bosentan therapy because of hepatic side ef-
fects in one patient and lack of response in one patient.

Two patients (4.7%) underwent vasodilator combina-
tion therapy. One patient was treated with a combina-
tion of PGI and sildenafil, and the other was treated
with sildenafil and bosentan.

We performed echocardiography and cardiac cathete-
rization during the follow-up period. There was a statis-
tically significant decrease in TR velocity (4.8 0.8 m/sec
before therapy vs. 3.6 1.0 m/sec after therapy, p=
0.001) and an increase in the diastolic dimension of the
left ventricle on echocardiography (28.31+12.1 mm be-
fore therapy vs. 33.2 1 10.2 mm after therapy, p=0.021).
We found no statistically significant differences in he-
modynamic findings based on cardiac catheterization.

Outcomes

By August 2007, 54 of the 65 patients (83.1%) surviv-
ed and 6 (9.2%) had died. Five patients (7.7%) were lost
to follow-up. The clinical outcomes for each subgroup
of PAH patients are presented in Table 3. The most
common cause of death was left ventricular failure in 2
patients. Table 4 shows detailed data of the expired pa-

Table 3. Clinical outcomes for each subgroup of patients with
pulmonary arterial hypertension
F/U
duration

(yr)

Survival Death F/U loss
n(%) n(%) n(%)

Disease subtype

Idiopathic 53+3.7 8(15) 2(33) 1(20)

Familial 35421 1(2) 1(20)
CHD with shunt lesion 8.3£6.5 28(52) 2(33) 2 (40)
Portal hypertension 1 1(2)
Left heart disease 691+32 5(9) 1(17) 10)
ILD 26E1.6 8(15) 1(17)
Others 1.8+£0.8 3(5)

Total 6.31+5.5 54 (100) 6 (100) 5 (100)

Data are presented as the mean £SD. F/U: follow-up, Dx: diagnosis,
CHD: congenital heart disease, ILD: interstitial lung disease, yr:
year

tients. We found no significant correlation between out-
come and the immediate response to the vasodilator.

The 5-, 10-, and 15-year survival rates were 96%,
92%, and 65%, respectively (Fig. 2).

Discussion

Pulmonary arterial hypertension has previously been
shown to have a very poor prognosis in children.” In
the 1960s, in a series of 35 patients with idiopathic
(primary) PAH,"™ 22 patients died within 1 year of the
onset of symptoms and none of the patients survived
longer than 7 years. Similarly, in 1995 the median sur-
vival of 18 children with primary PAH was approxi-
mately 4 years.” Recent advances in understanding the
pathophysiology of hypertensive pulmonary circulations
have led to a broader pharmacologic arsenal and im-
proved prognosis of children with PAH.
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Table 4. Expired patients

Patient Diagnosis Gender Age at Dx (yr)  Age at death (yr) TR;EE)E;YHEES = Treatment Cause of death

1 TOF MAPCA M 10 15 5/100 PGI LV failure

2 DCMP M 14 14 4.1/62.7 Sildenafil LV failure

3 Idiopathic M 11 13 5.2/108.2 PGI Pulmonary hemorrhage
4 Idiopathic F 5 7 6/144 PGI—sildenafil Sudden death

5 TOF MAPCA M 1 2 4.3/74.7 Sildenafil RV failure

6 BPD F 1 1.5 Sildenafil Respiratory arrest

Dx: diagnosis, TR: tricuspid regurgitation, Ap: pressure gradient, TOF: tetralogy of Fallot, MAPCA: major aortopulmonary collateral
arteries, PGI: prostacyclin analogues, LV left ventricle, DCMP: dilatated cardiomyopathy, BPD: bronchopulmonary dysplasia, yr: year, RV:

right ventricle

Overall surival rates

1.0 1

0.8
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0.4

Overall surival
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Fig. 2. Kaplan-Meier survival curve in patients with pulmonary
arterial hypertension. The 5-, 10-, and 15-year survival rates were
96%, 92%, and 65%, respectively.

The frequency of PAH in children as well as in adults
is not well-known. The estimate of the incidence of
idiopathic PAH (IPAH) ranges from one to two new
cases per million people in the general population.”
The gender ratio of adult women to men with IPAH has
been reported to be 1.7 : 1LY In children, variability in
gender incidence has been reported. Some studies have
suggested an equal frequency in children before adoles-
cence, with a 1.5 : 1 male to female frequency in adoles-
cence. Other studies have suggested a 1.5 : 1 female to
male ratio at all ages of diagnosis."”"? In our study, the
male to female frequency was the same.

Historically, IPAH exhibits a course of relentless de-
terioration and early death."” Unfortunately, the data
pertaining to children is less complete than the data
pertaining to adult patients. Familial PAH (FPAH) ac-
counts for 6% to 12% of all cases of IPAH.? In our
experience, 2 of 13 patients with IPAH were diagnosed
with FPAH (15.4%). A variety of CHD can cause PAH.
Patients with cyanotic congenital cardiac lesions, such as
complex pulmonary atresia with aortopulmonary colla-
teral arteries, TGA, tricuspid atresia, and double outlet
right ventricle may also develop PAH.'® VSD was the

most frequent underlying defect among all patients with
PAH and CHD (28.1%). As in another study,’” patients
with CHD and Down syndrome suffered from persistent
PAH; in addition, most of them were non-responders.

The presenting symptoms in children with PAH are
highly variable and may differ when compared with
adult patients. As in adults with TPAH,?®* dyspnea is
the most common symptom at diagnosis in children
with the disease. Our results were in general agreement
with previous reports.”? Peripheral edema, as a reflec-
tion of right ventricular failure, is less frequent in chil-
dren (10%) than in adults (20%) with IPAH. In our study,
peripheral edema was present in 4 patients (6.9%). Chest
pain or angina is an uncommon symptom in children.

The chest radiograph in patients with PAH may show
cardiac enlargement with a prominent main pulmonary
artery segment. There might be decreased vasculature in
the peripheral lung fields due to a paucity of pulmonary
blood flow. In the present study, the mean CT ratio
decreased after vasodilator therapy (p=0.011).

Echocardiography is the most valuable non-invasive
test for the detection of PAH. A high correlation has been
reported between cardiac catheterization and Doppler
measurement of systolic pulmonary pressure."?® TR of
measurable quality has been reported in as many as
86% of cardiovascular patients.”” Although non-inva-
sive tests are useful in the evaluation of suspected PAH,
cardiac catheterization remains the gold standard for
diagnosis.

The use of pulmonary vasodilator therapy is based on
the treatment of IPAH.*Y The main concept is that pa-
tients with PAH have a restricted pulmonary circula-
tion.” Increased oxygen demand may worsen pulmonary
hypertension and right heart failure. There are currently
three major drug classes available for the long-term
treatment of PAH. As a potent vasodilator, prostacyclin
has been shown to improve hemodynamic function, ex-
ercise tolerance, and the quality of life.” Phosphodies-
terase-5 inhibitors, such as sildenafil, have an acute
pulmonary vasodilator effect. Sildenafil causes an in-
crease in cyclic guanosine monophosphate (cGMP) levels,
which have a role in causing pulmonary vasodilation.



Many reports have documented the benefit of sildenafil
therapy in children with various clinical conditions,
such as IPAH, PAH with CHD, and PAH with lung
disease.”? Bosentan, an orally active agent dual block-
ing both the endothelin-A and -B receptors, has been
shown to improve pulmonary functional capacity and
hemodynamics. Several studies have shown that bosentan
is effective in lowering pulmonary artery pressure and
PVR, and improving exercise tolerance in adults and in
children.?®*” The most frequently reported adverse events
associated with bosentan are flushing, headaches, and
increased liver aminotransferase levels.”” We have ex-
perienced only one patient with elevated liver enzymes.

The median survival among patients diagnosed with
PAH in the USA between 1981 and 1985 was 2.8 years.
The first large prospective study® showed an actuarial
survival rate of 68% to 77%, 40% to 56%, and 22% to
38% at 1, 3, and 5 years, respectively. Although the 5-
year survival rate was 96%, there were some limitations
in our study. During the follow-up period, only 6 pa-
tients had died, suggesting that survival improved under
the therapies presently in use, as compared to data pu-
blished 17 years ago.” In one study of infants with BPD
who underwent cardiac surgery for the repair of CHD,
25% of those with PAH died.”® The detailed data of the
expired patients are presented in Table 4.

A major limitation of our study was that it is a

retrospective analysis of data collected from one hospital.

As a consequence, due to a lack data, some of our re-
sults represent imprecise estimates. PAH is commonly
defined by measurements obtained during cardiac ca-
theterization.™”” However, data from cardiac catheteri-
zation is seldom available in this registry. The criterion
of PAH, detected by echocardiography, is not clearly
defined; PAH is suggested when an echocardiography-
derived estimate of systolic PAP exceeds 40 mmHg at
rest.””

This is the first study that has investigated the charac-
terization of PAH in Korean children. In the future, the
confirmation of this clinical entity requires analysis of
detailed registries throughout the country.
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