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Introduction 

Pulmonary arterial hypertension (PAH) is an 
important cause of morbidity and mortality 
resulting with heart failure and death, if untreated 
(1,2). Pulmonary and systemic artery pressures are 
equal in intra-uterine period and there after 
pulmonary artery pressure decreases with born 
and in general, reaches to the adult levels in 
postnatal 2-3 months (3). It is assumed that PAH 
affects more than 25 million people worldwide (4). 
Congenital heart disease associated PAH (APAH-
CHD) can develop as a result of a variety of 
lesions, mainly due to the left-to-right shunt 
lesions while there is no underlying cause detected 

in idiopathic PAH (iPAH).  In time, pulmonary 
vascular remodeling develops reflecting as an 
increase in pulmonary vascular resistance (PVR) 
leading to reversible or irreversible vaso-occlusive 
pulmonary disease (5). In recent years, it is 
reported that with introduction of targeted 
treatment modalities in these rare cases, 
considerable rates of survival have been achieved. 
The targeted treatment modalities include 
endothelin-1 receptor antagonists (ERA) (6), 
phosphodiesterase-5 inhibitors (PDE-5i) (7) and 
prostaglandin analogs or receptor antagonists (8). 
The aim of our study is to evaluate the clinical, 
diagnostic and treatment characteristics of 
pediatric patients with PAH.  

 

ABSTRACT  

Pulmonary arterial hypertension (PAH) is an important cause of morbidity and mortality. Congenital heart disease 
associated PAH (APAH-CHD) and idiopathic PAH are classified in Group 1 PAH. There are limited studies about 
pediatric patients with PAH.  The aim of our study is to evaluate the clinical, diagnostic and treatment characteristics of 
pediatric PAH. 
53 consecutive patients with PAH in a 7 years’ study period were retrospectively analyzed . Clinical, echocardiographic and 
cardiac catheterization findings and targeted treatment modalities were noted.  
Thirty (56.6%) patients were male and mean age at diagnosis was 5.2±4.30 years. All patients were classified as group 1 
consisting of APAH-CHD and idiopathic PAH.   Patients with Eisenmenger syndrome were the largest group. Ventricular 
septal defect was the most CHD associated with PAH overall. Atrial septal defect, patent ductus arteriosus, atrioventricular 
septal defect, aortopulmonary window, double inlet left ventricle, double outlet right ventricle, d -transposition of great 
arteries and truncus arteriosus were other congenital heart malformat ions were detected. Targeted therapy were given to 34 
patients (%64.1%), of them, 22 were under monotherapy, while 12 were under combined therapy. Bosentan was the most 
chosen drug in all. NYHA FC, exercise capacity with 6MWT improved well by targeted therapy.  
Life quality and survey are improved with the targeted therapies in pediatric patients with PAH.  Single drug or 
combination therapies including bosentan, tadalafil and inhaled iloprost are effective, safe and well tolerated with rare and  
minor side effects in pediatric patients with group 1 PAH. 
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Table 1. Baseline demographic, clinic and hemodynamic features of the patients  

 All patients, 
n:53 

APAH-CHD, n: 49 iPAH, 
n:4 

 

 

Eisenmenger 
S. n:25 

Left-to-
right 

shunts 
(correctable
)           n: 

19 

Left-to-right 
shunts (non-
correctable)    

n: 3 

PAH 
with 

coincid
ental 
CHD 

 n:1 

Post-
operativ
e PAH 

n: 1 
 

Age at diagnosis, 
year 

5.33±4.30 6.56±5.34 4.0±2.81 5.0±2.64 7 7 
3,37±3.

14 

Gender (%, n)        

       Female  43.4%, 23 40%, 10 47.4%, 9 33.3%, 1   75%, 3 

       Male  56.6%, 30 60%, 15 52.6%, 10 66.7%, 2 100%, 1 100%, 1 21%, 1 

WHO FC (%, n)        

        II  43.4%, 23 20%, 5 84.2%, 16 33.3%, 1   25%, 1 

        III 49.1%, 26 68%, 17 15.8%, 3 66.7%, 2 100%, 1 100%, 1 50%, 2 

        IV 7.5%, 4 12%, 3     25%, 1 

6 MWDT, 
meters 

311.45±41.0
3 

309.37±42.69  333.33±57.73 300 325 
308.33
±38.18 

Hemodynamics        

      mSAP, 
mmHg 

76.05±15.77 80.44±16.99 
71.31±12.2

7 
65.66±20.3 67 90 

74.25±
22.55 

      mPAP, 
mmHg 

65.05±19.38 74.08±19.36 
52.68±11.3

0 
51.33±8.08 54 98 

75.75±
15.08 

      PVRI, 
WU/m2 

9.10±5.62 11.86±5.24 4.75±1.51 6.83±1.87 5 7 
15.75±

7.93 

 
Table 2. PVR index ranges of the patients under ambient air or 21% FiO2 if intubated  

PVRI (WU/m2) number of patients percentage, % 

>3 , <6 18 34 

≥6 , <10 20 37.7 

≥10, <20 10 18.9 

≥20 5 9.4 

 
Materials and Methods 

In this retrospective study, pediatric patients who 
were diagnosed and under follow-up for PAH, 
between December 2011 and September 2018 
were included. Along with demographic and 
clinical characteristics, treatment and follow-up 
records were collected comprised of New York 
Heart Association (NYHA) functional class (FC), 
6-minute walk distance test (6MWDT), 
echocardiographic and catheterization 
measurements. In all patients, the diagnosis of 
PAH was confirmed by cardiac catheterization and 
acute pulmonary vasoreactivity test (AVT) was 
performed. Patients less than one-year-old who 
had a diagnosis of a severe or systemic APAH-
CHD and additionally patients who were 
pulmonary hypertensive by means of clinical 
evaluation and echocardiography but the PVR was 

<3 woods were not included in the study. The 
response to AVT and operability criteria was done 
according to AHA/ATS guidelines (3).  

All procedures performed were in accordance with 
the ethical standards of the institutional research 
committee and with the 1964 Helsinki Declaration 
and its later amendments or comparable ethical 
standards. 

The statistical analysis was performed using 
Statistical Package for Social Sciences Software, 
version 21. Demographic and clinical variables 
were summarized with descriptive statistics. 
Categorical variables were summarized as absolute 
frequency and percentage, whereas continuous 
variables were summarized as mean and standard 
deviation (SD). Student’s t test was used to 
conduct analysis as appropriate. P value of <0.05 
was considered as significant.  
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Table 3. Characteristics of targeted treatment and response to therapy 

 All patients 
n:34 

APAH-CHD 

n:30 

 

iPAH 

n:4 

  Eisenmeng
er S. 

n:25 

Left-to-right 
shunts (non-
correctable) 

n: 3 

PAH 
with 

coinciden
tal CHD 

n:1 

Post-
operative 

PAH 

n: 1 

 

Monotherapy (%, n) 64.7%, 22 64.0%, 16 
    

        Bosentan  59.8%, 20 60%, 15 100%, 3 100%, 1 
 

25%, 1 

       Macitentan  2.9%, 1 4%, 1 
    

       Tadalafil  2.9%, 1 
    

25%, 1 

Combination therapy (%, n) 35.3%, 12 
     

        Bosentan, Iloprost  17.65%, 6 24%, 6 
    

        Bosentan, Tadalafil  14.7%, 5 12%, 3 
  

100%, 1 25%, 1 

        Bosentan, Tadalafil, 
Iloprost  

2.9%, 1 
    

25%, 1 

 WHO FC after treatment  (%, 
n)       

         II 85.3%, 29 88%, 22 100%, 3 
 

100%, 1 75%,3 

         III 14.7%, 5 12%, 3 
 

100%, 1 
 

25%, 1 

6 MWDT after treatment, 
meters 

392.04±51.
97 

395.31±55.
69 

383.33±62.9
1  

400 
375.00
±35.35 

 
Results 

In all 53 patients, the mean age at the time of the 
diagnosis and by the current age at the end of the 
study date were 5.33 ± 4.30 years (6 months – 15 
years) and 9.63 ± 4.63 years (1.5 – 20 years), 
respectively. Thirty (56.6%) patients were male. 
The mean duration of follow-up was 3.91 ± 1.92 
years (6 months – 7 years). Nine (16.9%) patients 
had Down syndrome. The most common 
complaint was fatigue (49%) following by dyspnea 
(30.1%), palpitation (24.5%), chest pain (20.7%), 
tachypnea (20.7%), respectively. 27 patients 
(50.9%) had cyanosis and 8 patients (15.1%) had 
clubbing. The initial demographic, clinical and 
hemodynamic characteristics of the patients 
including NYHA FC, 6MWDT and cardiac 
catheterization measurements are revealed in 
Table 1. 

 All of the patients were on group 1 PAH (Figure 
1), including all subgroups of APAH-CHD 
(%92.45) and iPAH (7.55%).   

Eisenmenger syndrome (ES) was the largest group 
(47.17%) following by patients with left-to-right 
shunted correctable CHD (35.85%). Figure 2 
demonstrates CHD in patients with ES and figure 

3 CHD in patients with correctable left-to right 
shunted CHD. In addition, three patients had left -
to-right shunted but noncorrectable CHD (5.66%) 
one patient had post-operative PAH (1.9%) who 
were operated for VSD and another patient had 
PAH with suspected coincidental CHD (1.9%) 
who was operated for ASD. 

The most frequent CHD was ventricular septal 
defect (VSD) (84.9%, n:45) in overall patients. 
VSD was found to be an isolated single defect in 
32.1% of the patients (n:17) while it was together 
with other various cardiac abnormalities in 52.8% 
(n:25). Simple heart defects such as atrial septal 
defect (ASD), patent ductus arteriosus (PDA), 
atrioventricular septal defect (AVSD), 
aortopulmonary window (APW) and complex 
defects such as double inlet left ventricle (DILV), 
double outlet right ventricle (DORV), d-
transposition of great arteries (d-TGA) and 
truncus arteriosus were detected in various 
frequencies (Figure 4).   

Cardiac catheterization was done for all patients 
and an acute pulmonary vasoreactivity test was 
performed by using inhaled iloprost in 92.5% of 
patients or nitric oxide in 7.5% of patients. AVT 
was positive for 19 patients (%35.8) while the 
remaining had a negative response.   Mean   PVRI  
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Fig. 1. The distribution of diagnosis regarding the 
groups and subgroups  

was 9.04±5.66 Woods Unit overall. Table 2 shows 
the PVRI ranges of all patients. 

Regarding 34 (64.2%) patients who were 
inoperable and had received target treatment for 
PAH; combined targeted therapy with bosentan 
plus iloprost or tadalafil was started initially for 
patients whom NYHA FC was IV while a 
monotherapy with bosentan or tadalafil was 
chosen for initial therapy for patients with NYHA 
FC III or less. A total of 22 patients were under 
monotherapy (64.7%), while 12 (35.3%) patients 
were under combined therapy and this ratio was 
coming across with 41.5% and 22.7%, 
respectively, of whole study group. The treatment 
modalities with targeted drug therapy are shown 
on table 3. NYHA FC and exercise capacity with 
6MWT were significantly improved after targeted 
therapy (p<0.05) (Table 3). 

Nineteen patients (35.8%) with mean age 4.0±2.81 
years (median 3 years, range: 1.5-13 years) who 
were found to be operable had undergone 
corrective surgery. Of them only two had VSD 
closure with fenestrated patch while the remaining 
had total corrective surgery. Left ventricular 
enlargement with a standard deviation of at least 
+1.73, pulmonary flow velocity obtained by PW 
Doppler measurement of more than 1.66 m/sec 
and an oxygen saturation of at least %94 was 
common clinical and echocardiographic features 
of patients who were found to be operable. In the 
postoperative period, none them had severe or 
permanent PAH.  In the postoperative sixth 
month, 4 over 19 (21%) patients had moderate 
PAH. Under non-specific treatment, the 
pulmonary artery pressure declined in all these 
patients, except one (5.2%) in whom mild PAH 
persistent by the end of one year. Another patient, 

 
Fig. 2. CHDs in patients with Eisenmenger syndrome 

who had undergone ventricular septal defect 
closure in another institute while he was 7 years 
old, was found to have systemic PAH in 
catheterization, with negative acute pulmonary 
vascular reactivity test and so he was accepted as 
postoperative PAH. 

The most common drug-associated side-effect was 
liver aminotransferase increase in patients who 
received bosentan (9.3%) and oral/nasal mucosal 
depredation (14.2%) and headache (14.2%) in 
patients who received iloprost. No side effect 
developed in patients who received tadalafil. 
Compliance with medication was 100% in patients 
who received bosentan and tadalafil, and 83.3% in 
patients under treatment of iloprost. In one 
patient older than 18 years an increase in liver 
enzymes was developed due to bosentan, the 
medication was shifted to macitentan. The 
increase in liver enzymes substantiated in other 
two patients in whom the medication dose was 
substantially increased (62.5mg BID to 125mg 
BID) as for the body weight. Drug increasement 
was withdrawn and liver aminotransferases 
regressed to normal values. The medication was 
halted in another patient with Down syndrome 
who was receiving bosentan, because of 
leucopenia and anemia. He had also an 
accompanying lower respiratory tract infection at 
that time. Bosentan medication was reinstituted in 
these patients after 2 weeks and thereafter, no 
side-effect was detected.  

As for all patients, two (3.7%) patients died during 
the follow-up period. One of them had undergone 
atrial septal defect closure when he was seven 
years old in another institute and diagnosed as 
PAH co-incidental with CHD after a couple of 
months. The other one was a patient with Down 
syndrome and complete atrioventricular septal  
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Fig. 3. CHDs in patients with correctable left-to right 
shunted defects 

defect with PAH. It was considered as operable 
but his family did not give consent for a high-risk 
surgery. This patient had multiple hospitalizations 
for pneumonia and died due to severe pneumonia, 
sepsis and multi-organ failure.  

Discussion 

World Health Organization (WHO) defined 
pulmonary arterial hypertension; as a mean 
pulmonary artery pressure (mPAP) ≥25 mmHg 
with a pulmonary artery wedge pressure PAWP 
<15 mmHg and a PVR >3 WU at sea level in 
patients older than 3 months of age and classified 
into five groups. Pulmonary arterial hypertension 
associated with congenital heart disease and 
idiopathic pulmonary arterial hypertension are 
classified in Group 1. Congenital heart disease 
associated pulmonary arterial hypertension is 
classified into four subgroups: Eisenmenger 
Syndrome; PAH associated with prevalent 
systemic to pulmonary shunts; PAH with 
coincidental CHD and postoperative PAH (9) . 
Although recently some changes are presented at 
5th World Symposium on Pulmonary 
Hypertension (NICE 2018); they are not 
published yet. In our study the patients were 
classified according to the 2013 WHO 
classification of pulmonary hypertension. 

Although the exact prevalence of APAH-CHD in 
adult and pediatric population is unclear, 
epidemiologic data is being tried to be established 
by national databases and multi-center registries.  
For adult population, prevalence of PAH is 
estimated to be 15-50 cases per million (10) where 
its estimated prevalence is 10 cases per million in 
childhood (11). The prevalence of APAH-CHD in 

PAH was reported as 10% in the REVEAL study 
(12) where, the prevalence of ES was reported as 
7.6% (13). In our study APAH-CHD was the 
largest group accompanying 92.5% of the patients, 
where iPAH was in 7.5% overall. APAH-CHD 
was consisting of Eisenmenger Syndrome: 47.2 % 
(n: 25), correctable CHD with left to right shunt 
(35.8 %), non-correctable CHD with left-to-right 
shunt (5.7%), PAH with coincidental CHD (1.9 
%), and postoperative PAH (1.9 %). Although the 
disease is more common in adulthood, early 
diagnosis and accurate treatment is crucial because 
the pulmonary vascular changes may be observed 
after the age of 2 years. Large VSD’s, 
atrioventricular septal defects, large ASD, PDA 
and many other cardiac defects may lead to ES 
(14). . In our study, the most common congenital 
heart defect was VSD (84.8%, n:45) overall 
followed by ASD (35.8%), PDA (%30.2), AVSD 
(9.4%), patent foramen ovale (PFO) (3.8%), 
truncus arteriosus (3.8%), APW (%1.9), DILV-VA 
discordance (1.9%), DORV-VA discordance 
(1.9%), d-TGA with large VSD (1.9%) and aortic 
interruption with large VSD and PDA (1.9%). 
VSD, ASD and PDA were in association with 
other CHDs in 52.8%, 30.1% and 28.3%, 
respectively. In contrast they were isolated defects 
in 32.1%, 5.7%, 1.9 % of all, respectively.    When 
CHDs in patients with ES were analyzed, again 
VSD was the most common (88%) followed by 
ASD (48%), PDA (36%), AVSD (20%), DORV-
VA discordance (4%), DILV-VA discordance 
(4%), d-TGA with VSD (4%) and APW (4%).    

Although the prevalence of the disease in 
childhood is similar in both sexes, it is reported 
that there is female predominance after puberty 
(3). In our study, there was a male predominance 
(56.6%). Shortness of breath, fatigue, chest pain, 
palpitation, syncope and easy fatigability are 
common symptoms in patients with pulmonary 
hypertension; but rarely cyanosis, clubbing, 
coagulation abnormalities, cerebrovascular 
accidents and sudden death may be observed (5). 
In our study the most common complaint was 
easy fatigability (49%); cyanosis and clubbing was 
present in 50.9 % (n: 27) and 15.1% (n: 8) of the 
cases, respectively. Exercise intolerance is 
common in these group of patients and most of 
the cases are in NYHA Class II or over (13). The 
distribution of patients according to NYHA 
Functional Class (FC) at admission were as 
follows: NYHA FC IV: 7.5% (n: 4), NYHA FC 
III: 49.1% (n: 26), and NYHA FC II: 43.4% (n: 
23). There was significant improvement in NYHA 
functional class after treatment with majority of  
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Fig. 4. CHDs detected in all patients 

the patients on NYHA FC II (85.3%), no NYHA 
FC IV and the remaining on NYHA FC III.  The 
6-minute walk distance test is commonly used to 
determine and to follow up exercise related 
desaturation and exercise tolerance. Also 6MWDT 
is used to define prognosis of the disease and 
there are studies reporting standard references for 
pediatric and adult population (15).  Patients with 
a 6MWDT < 300 m and patients are classified in  
high risk group whereas patients with a 6MWDT 
> 500 m in low risk group (16). The mean 
6MWDT was 308.82±41.40 meters at the time of 
admission and in 5 of the patients the 6MWDT 
was below 300 meters. After treatment 6MWDT 
was 392.04±51.97 meters where there was not any 
patient with 6MWDT under 300 meters and this 
increase was significant (p<0.05). 

Surgical correction is contraindicated in patients 
with severe pulmonary vascular disease and in ES. 
Surgical correction may be considered in patients 
with pulmonary hypertension, but those who 
don’t have irreversible pulmonary vascular disease 
and who have positive pulmonary vasoreactivity 
test. Repair should be considered if PVRI is <6 

and PVR/SVR is <0.3. Repair can be beneficial in 
patients with a PVRI ≥6 and PVR/SVR ≥3, if 
AVT reveals reversibility of PAH with reduction 
in PVRI below 6 and PVR/SVR to <0.3. In the 
case of a PVRI ≥6 and PVR/SVR ≥3 and minimal 
responsiveness to AVT, repair is not indicated and 
it is reasonable to implement PAH targeted 
therapy and after treatment for 4-6 months, 
surgical correction or fenestrated patch may be 
considered if PVRI is <6 (3). On the other hand, 
according to our experience, echocardiographic 
findings such as left ventricular enlargement, 
increased pulmonary flow and a clinical finding of 
oxygen saturation of at least %94 seem on room 
air were good noninvasive clues for operability 
despite PAH. In our study, surgical correction was 
performed in 19 (35.8%) patients and only in one 
of them (5.2%) mild pulmonary hypertension was 
observed at the first year of   the surgery. All the 
patients had total correction except two patients 
who had fenestrated patch for VSD. In patients 
with diagnosis of iPAH, interatrial septostomy 
(17), reverse Pott’ s shunt (18) and lung 
transplantation (19) may be performed in selected 
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patients. Interatrial septostomy and stenting or 
reverse Pott’s shunt was recommended in one 
patient with diagnosis of iPAH and was 
internalized to intensive care unit several times 
because of pulmonary hypertensive crisis and right 
ventricular failure, but none of these procedures 
were performed because the parents did not 
approve the procedures. This patient was NYHA 
FC IV and a 6MWT of 300 meters initially while 
after triple combination therapy consisting of 
bosentan, tadalafil and iloprost a NYHA FC III 
and a 6MWT of 375 meters. 

There are studies reporting the efficacy of PAH 
specific treatments in pulmonary hypertension and 
the survey of these patients especially in pediatric 
age group is increasing. Bosentan, which is an 
orally active dual endothelin receptor antagonist, 
was reported to be effective in improving exercise 
capacity, NYHA functional class, and 
hemodynamic parameters by the BREATHE-5 
study which was a multicenter, double-blind, 
randomized, placebo controlled study (20).  In our 
study distribution of targeted PAH therapy, 
bosentan was the first choice of targeted regimens 
and so it was the most common agent used. It  was 
included in almost all of the monodrug therapies 
and in all combination therapies. It was successful 
by improving exercise capacity with 6MWDT and 
NYHA FC alone in 62.7% of patients where a 
combination therapy was required in 35.3% of the 
patients. Elevated transaminase levels can be a 
serious side effect of bosentan and this is more 
commonly observed in patients aged ≥12 (7.8%) 
compared to patients younger than <12 (2.7%) 
(21). In our study, bosentan associated liver 
aminotransferase elevation had occurred in three 
patients (7.4%) and all of them were above 12 
years old. In one of them the treatment was 
shifted to macitentan and in the other two dose 
increasement with grow-up was withdrawn and 
liver aminotransferase regressed to normal values. 
In another patient with Down syndrome, the 
medication was halted because of leucopenia and 
anemia. He had also an accompanying lower 
respiratory tract infection at that time. Bosentan 
medication was reinstituted in these patients after 
2 weeks and thereafter, no side-effect was 
detected. There are ongoing studies for assessing 
the efficacy of macitentan, a new dual endothelin-
receptor antagonist.  The SERAPHIN study 
showed that macitentan improved exercise 
capacity and reduced morbidity and mortality in 
adult patients (6). Aypar et al. reported that switch 
from bosentan to macitentan significantly 
improved exercise capacity in children aged over 

12 and young adults (22). In our study, bosentan 
was shifted to macitentan in a patient (> 18 years 
of age) with diagnosis of ES because of elevated 
liver transaminase levels as mentioned above. At 6 
moths of follow-up, there was no change in 
echocardiographic and hemodynamic parameters 
and oxygen saturation but there was an 
improvement in 6MWDT.  

There is not sufficient prospective randomized 
studies evaluating the efficacy of PDE-5 inhibitors 
specifically in APAH-CHD patients; however they 
are shown to be effective in PAH patients (23). 
Yamazaki et al. investigated the efficacy of 
tadalafil in pediatric PAH patients and reported 
that the incidence of side effects of tadalafil was 
significantly lower in children in comparison to 
adults. They also reported that there was 
improvement in WHO functional class, decline in 
mPAP and survival rates at 1 and 2  year were 98.3 
% and 93.7%, respectively (24). In our study a 
total of 7 patients (3 iPAH and 4 ES), were given 
tadalafil. One patient with diagnosis of iPAH was 
using tadalafil monotherapy while 5 patients were 
using in combination with bosentan and 1 patient 
was using in combination with bosentan and 
iloprost. Tadalafil was successful in treatment of 
one infant with iPAH alone (follow-up time was 
six months). After adding tadalafil to double or 
triple combination therapies there was no need of 
additional drug employment in any of the patients. 
No side effect associated with tadalafil was 
occurred. 

Inhaled iloprost may be used in children with 
progressive and persistent PAH, usually in 
combination with ERA and PDE-5 inhibitors as 
an off-label drug. It was reported in a prospective 
study that 24 weeks of inhaled iloprost therapy 
improved quality of life and exercise capacity but 
hemodynamic parameters did not improve (25). 
There is not sufficient data about inhaled iloprost-
sildenafil and inhaled iloprost-bosentan 
combination therapy in pediatric age group. In our 
study 7 patients were under inhaled iloprost 
therapy. Six of them were using inhaled iloprost in 
combination with bosentan and one was using in 
combination with bosentan and tadalafil. Bosentan 
and iloprost combination was seemed to be 
effective for majority of the patients whereas, it 
was ineffective so tadalafil was added to 
combination therapy as a third drug in one 
patient. Headache, jaw pain and airway hyper-
reactivity may occur with initiation of treatment 
(26). Oral/nasal mucosal depredation (14.2%) and 
headache (14.2%) had occurred in two separate 
patients receiving inhaled iloprost so in both of 
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them iloprost was shifted to tadalafil. The 
application of 6-9 dosages/day has a negative 
effect on patient compliance and quality of life. 
Compliance with medication was 83.3% in our 
patients under treatment of iloprost. This lack of 
compliance was due to denial of the inhaled 
treatment, application of at least 6 doses a day, 
inopportuneness of the patients at school age or 
getting out of order of the nebulizer device. 

Before the advent of PAH targeted specific 
therapy, survival rates for PAH at 1st, 3rd and 5th 
years were 66%, 52% and 35%, respectively (27) 
but with the time studies reported increased 
survival rates (28). Patients with ES have 4 fold 
increased mortality risk compared to healthy 
individuals (29). In contrast to this, some studies 
reported that survival rates of patients with ES are 
higher than other PAH patients (30). Also there 
was no significant difference in survival rates in 
REVEAL study (13).  In our study population 
patients with postoperative PAH and iPAH 
without any shunt had worse outcome than 
patients with Eisenmenger group while the 
coincidental PAH with surgically closed defect 
had the worst outcome.  

Early diagnosis and accurate treatment of CHD is 
crucial for preventing development of PAH and 
ES. Left ventricular enlargement, increased 
pulmonary blood flow and oxygen saturation of 
above 94% may be clues for operability criteria. 
Life quality and survey are improved with the 
targeted therapies in pediatric patients with PAH. 
Single drug or combination therapies including 
bosentan, tadalafil and inhaled iloprost are 
effective, safe and well tolerated with rare and 
minor side effects, improving exercise capacity, 
6MWDT and NHYA functional class in patients 
with APAH-CHD (surgically non-correctable), ES 
and iPAH.  
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