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Pulmonary vasoreactivity testing with inhaled iloprost in children with 
pulmonary hypertension related to congenital heart disease

Doğuştan kalp hastalığı ile ilişkili pulmoner hipertansiyonlu çocuklarda
inhale iloprost ile pulmoner vazoreaktivite testi

Mehmet Emre Arı, Utku Arman Örün, Selmin Karademir, Senem Özgür, Özben Ceylan, 

Şeyma Kayalı, Mahmut Keskin, Vehbi Doğan

ÖZ
Amaç: Bu çalışmada pulmoner hipertansiyonlu doğumsal kalp 
hastalıklarında pulmoner vazoreaktiviteyi ölçmek amacıyla 
kullanılan inhale iloprostun akut hemodinamik etkileri 
değerlendirildi.

Ça­lış­ma­ pla­nı:­ Ekim 2005 - Ekim 2012 tarihleri arasında 
doğuştan kalp hastalığına sekonder pulmoner hipertansiyon 
tanısıyla izlenen ve inhale iloprost ile vazoreaktivite testi 
yapılan 51 hasta (29 erkek, 22 kız; ort. yaş 4.9 yıl; dağılım 
4 ay-16 yıl) retrospektif olarak değerlendirildi. İnhale iloprost 
öncesi ve sonrasında kardiyak basınç ve oksijen satürasyon 
değerleri elde edildi; akım oranı, pulmoner ve sistemik 
vasküler dirençler hesaplandı. Pulmoner vasküler dirençte, 
pulmoner arter ortalama basıncında ve direnç oranında 
%10’dan fazla azalma olması vazoreaktivite testine pozitif 
yanıt olarak değerlendirildi.

Bul gu lar: Hastaların 44’ünü (%86.3) ventriküler septal defekt, 
atriyal septal defekt, patent duktus arteriozus ve atriyoventriküler 
septal defekt oluştururken, yedisini (%23.7) kompleks kalp 
hastalıkları oluşturuyordu. Hastaların 42’sinde (%82.4) 
vazoreaktivite testi pozitif bulundu. Vazoreaktivite testi pozitif 
bulunan hastalarda iloprost öncesi ve sonrası ortalama pulmoner 
arter basınçları sırasıyla 59.7±13.4 mmHg ve 53.3±13.7 mmHg 
(p<0.05), pulmoner vasküler direnç 12.2±7.6 Wood U/m2 ve 
6.6±6 Wood U/m2 (p<0.05), dirençler oranı (PVR/SVR) 0.6±0.5 
ve 0.3±0.3 (p<0.05), pulmoner akım (Qp) 3.6±3.2 l/dk. ve 
7.2±9.6 l/dk. (p<0.05), akımlar oranı (Qp/Qs) 2.3±1.5 ve 6±4.8 
(p<0.05), arter oksijen satürasyonu ise %83.6 ve %94.4 (p<0.05) 
idi. Hastaların hiç birinde inhale iloprost ile ilişkili yan etki 
görülmedi.

So­nuç:­ Çocuk hastalarda pulmoner vazoreaktivite testinde 
inhale iloprost etkili ve güvenilir bir ilaç olarak iyi bir seçenek 
olabilir.
Anah­tar­ söz­cük­ler: İnhale iloprost; pulmoner hipertansiyon; 
vazoreaktivite testi.

ABSTRACT
Background:­This study aims to evaluate the acute hemodynamic 
effects of inhaled iloprost used to measure pulmonary 
vasoreactivity in congenital heart diseases with pulmonary 
hypertension.

Methods: Between October 2005 and October 2012, a total of 51 
patients (29 boys, 22 girls; mean age 4.9 years; range 4 months 
to 16 years) under follow-up with a diagnosis of pulmonary 
hypertension secondary to congenital heart disease who underwent 
vasoreactivity test with inhaled iloprost were retrospectively 
evaluated. Cardiac pressure and oxygen saturation values were 
obtained before and after iloprost inhalation, while flow ratio, 
pulmonary and systemic vascular resistances were calculated. 
A decrease greater than 10% in pulmonary vascular resistance, 
the mean pulmonary artery pressure, and resistance ratio were 
considered as positive responses to the vasoreactivity test.

Results:­ Forty-four patients (86.3%) had ventricular septal 
defect, atrial septal defect, patent ductus arteriosus, and 
atrioventricular septal defect, while seven patients (23.7%) 
had complex heart diseases. Forty-two (82.4%) of the 
patients had positive vasoreactivity test results. In positive 
vasoreactivity test patients, the pre- and post-iloprost mean 
pulmonary artery pressure values were 59.7±13.4 mmHg and 
53.3±13.7 mmHg (p<0.05), pulmonary vascular resistance was 
12.2±7.6 Wood U/m2 and 6.6±6 Wood U/m2 (p<0.05), resistance 
ratio was (PVR/SVR) 0.6±0.5 and 0.3±0.3 (p<0.05), pulmonary 
flow (Qp) was 3.6±3.2 l/min and 7.2±9.6 l/min (p<0.05), flow 
ratio was (Qp/Qs) 2.3±1.5 and 6±4.8 (p<0.05), arterial oxygen 
saturation was 83.6% and 94.4% (p<0.05), respectively. None of 
the patients had any side effects associated with inhaled iloprost.

Conclusion:­ Inhaled iloprost may be a good option as an 
effective and safe drug for pulmonary vasoreactivity testing in 
pediatric patients.
Keywords: Inhaled iloprost; pulmonary hypertension; vasoreactivity 
testing.
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Pulmonary arterial hypertension (PAH) rarely occurs 
in childhood, even in patients with congenital heart 
disease. It is a complex disorder with various etiologies 
according to the 2003 Venice Clinical Classification 
of Pulmonary Hypertension.[1] Pulmonary arterial 
hypertension is defined as having an elevated mean 
pulmonary artery pressure (mPAP) of more than 
25 mmHg at rest, a normal pulmonary capillary 
wedge pressure (less than 15 mmHg) and a pulmonary 
vascular resistance (PVR) of more than 3 Wood units 
(WU).[2,3] One of the most common complications 
in congenital heart disease (CHD) is PAH because 
it causes a significant increase in morbidity and 
mortality and greatly affects the quality of life (QoL) 
in the affected individuals.

Pulmonary arterial hypertension is related to CHD, 
which used to be the most common form of PAH in 
children. However, the incidence rate of this disease 
has declined over the last decade due to early access 
to treatment and advances in congenital heart surgery. 
Unfortunately, patients with congenital heart diseases 
are exposed to long-term pulmonary hypertension, 
which can lead to pulmonary vascular disorders in 
countries with a poor socioeconomic status because 
of late access to treatment. Assessing pulmonary 
vasoreactivity remains an important tool for evaluating 
the pulmonary vascular beds as it helps to determine 
the best treatment option and prognosis.[4,5]

The aim of this study was to evaluate the acute 
hemodynamic effects of inhaled iloprost that was used 
to measure pulmonary vasoreactivity in congenital 
heart diseases in patients with pulmonary hypertension.

PATIENTS AND METHODS
A total of 51 patients (29 boys and 22 girls; mean age 
4.9 years; range 4 months-16 years) who were followed 
up at the Pediatric Cardiology Department of Dr. Sami 
Ulus Maternity and Pediatrics Training and Research 
Hospital between October 2005 and October 2012 
and who were given a pulmonary vasoreactivity test 
with inhaled iloprost (Ventavis®, Bayer Healthcare 
Pharmaceuticals, Madrid, Spain) due to a diagnosis 
of pulmonary hypertension secondary to congenital 
heart disease were included in this study. The data 
from the patients’ files and the cardiac catheterization 
findings were used in the evaluation process. Half an 
hour before the procedure, each patient was sedated 
with a cardiac cocktail (chlorpromazine, pethidine, 
and pheniramine), and then the femoral vein and artery 
were penetrated using vascular sheaths according to 
the age and body weight of the patient under local 
anesthesia. Both right and left heart catheterization and 

angiography were performed, but no additional oxygen 
was administered during the vasoreactivity test.

The inhaled iloprost (0.5 mcg/kg) was given for 
10 minutes using a facial mask, and an OMRON 
NE-C28 CompAIR Nebulizer (OMRON Healthcare, 
Inc., Lake Forest, IL, USA) was used to administer 
the drug via 3 µm particles during the vasoreactivity 
test. The hemodynamic measurements were repeated 
10 minutes after the inhalation was completed, and the 
right atrium, left atrium and/or pulmonary capillary 
wedge pressures, pulmonary artery pressure (PAP), 
and systolic, diastolic and mean aortic pressures 
were recorded before and after inhaling the iloprost. 
Cardiac output (CO) was measured by applying the 
Fick principle.[6] The pulmonary vascular resistance 
(PVR) was calculated as the mPAP - the pulmonary 
wedge pressure (PCWP)/CO, and the systemic vascular 
resistance (SVR) was calculated as the mean systemic 
blood pressure (SBP) - the right atrial pressure/CO. 
A 10% decrease in the mPAP, PVR and PVR/SVR 
ratio after iloprost administration compared to the 
pre-iloprost values indicated a positive response to the 
test.[7,8] In addition, the patients were followed up for 
any possible side effects for a period of 24 hours after 
they inhaled the iloprost.

Statistical analysis

Statistical analyses were performed using the SPSS 
version 16.0 software program (SPSS Inc., Chicago, 
IL, USA). The patient distribution was normal, and a 
paired samples t-test was used to compare the pre- and 
post-treatment mean values. A p value of <0.05 were 
considered to be statistically significant.

RESULTS
In terms of concomitant heart diseases, 19 patients 
(37.3%) had a ventricular septal defect (VSD), five 
(9.8%) had a VSD and an atrial septal defect (ASD), 
three (5.9%) had VSD and patent ductus arteriosus 
(PDA), five (9.8%) had PDA, and 12 (23.5%) had an 
atrioventricular septal defect (AVSD). In addition, six 
others (11.8%) had cyanotic heart disease and one (2%) 
had an aortopulmonary window (Table 1).

Among the 30 patients who underwent surgery, 
eight (26.6%) had persistent pulmonary hypertension 
during the postoperative period. Four of the eight were 
girls, and four were boys, and the mean age of these 
eight patients was 8.3±5.1 years (range 1-15 years). 
Four of these patients received treatment with inhaled 
iloprost while the other four received treatment with 
both inhaled iloprost and bosentan. The patients were 
followed up for a mean duration of 23.9±19.7 months, 
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and the PAP returned to normal values with medical 
treatment in three of the patients, whereas in the other 
five, the PAP was lower but did not return to normal 
values.

The patients’ baseline hemodynamic parameters 
and their responses to the inhaled iloprost are shown 
in Table 2 and Figures 1-4. Forty-two (82.4%) of 
the patients had a positive response to the iloprost 
inhalation test and the pre- and post-iloprost values 
for those were as follows respectively: mPAP values 
of 59.7±13.4 mmHg and 53.3±13.7 mmHg (p<0.05), 
PVR of 12.2±7.6 Wood U/m2 and 6.6±6 Wood U/m2 
(p<0.05), a PVR/SVR ratio of 0.6±0.5 and 0.3±0.3 
(p<0.05), a Qp of 3.6±3.2 l/min and 7.2±9.6 l/min 
(p<0.05), a Qp/Qs ratio of 2.3±1.5 and 6±4.8 (p<0.05), 
and an aortic oxygen saturation rate of 83.6±16% and 
94.4±5% (p<0.05.

Among the patients who had no response to the 
iloprost inhalation test, the pre- and post-iloprost 
values for those were as follows respectively: mPAP 

values of 63.3±16.9 mmHg and 67.9±20.9 mmHg, 
PVR of 12.2±4.3 Wood U/m2 and 14.3±6 Wood U/m2, 
a PVR/SVR ratio of 1±0.6 and 0.8±0.5, a Qp of 
3.3±1.9 l/min and 3.3±1.6 l/min, a flow ratio of 1.2±0.5 
and 1.6±0.7, and an aortic oxygen saturation rate of 
87.8±7.3% and 98±1.2%. Six of the boys and three of 
the girls were deemed to be unsuitable candidates for 
surgery, and their mean age was 5.1±4.7 years (range 
6 months-13 years). In addition, six patients were 
diagnosed with VSD, three with AVSD, and one with 
truncus arteriosus. Anti-pulmonary hypertension 
medicines were initiated for these pateints, and 
follow-up was started. Furthermore, they were also 
scheduled to undergo catheter angiography.

For 30 of the 42 patients in our study, we made 
the decision that surgery was necessary, and this 
successfully corrected the congenital heart defects. 
All of these patients had a PVR of <6 Wood U/m2 and 
an Rp/Rs ratio of <0.3 as well as a positive response to 
the vasoreactivity test.

Table 1. Distribution of diagnoses among patients who underwent a vasoreactivity test 

Diagnosis n  % 

Ventricular septal defect 19  37.3
Ventricular septal defect + atrial septal defect 5  9.8 
Ventricular septal defect + patent ductus arteriosus 3  5.9 
Patent ductus arteriosus 5  9.8 
Atrioventricular septal defect 12  23.5 
Aortopulmonary window 1  2 
Transposition of the great arteries, ventricular septal defect, and patent ductus arteriosus 2  3.8 
Truncus arteriosus type 1 + ventricular septal defect 1  1.95 
Truncus arteriosus type 2 + ventricular septal defect 1  1.95 
Double outlet right ventricle + patent ductus arteriosus 1  1.95 
Double inlet right ventricle, ventricular septal defect, and hypoplastic right ventricle  1  1.95 
Total 51  100

Table 2. Hemodynamic parameters before and after the vasoreactivity test 

  Positive vasoreactivity Negative vasoreactivity 

 Pre-iloprost Post-iloprost  Pre-iloprost Post-iloprost

 Mean±SD Mean±SD p Mean±SD Mean±SD p

Mean PAP (mmHg)  59.7±13.4  53.3±13.7  <0.05  63.3±16.9  67.9±20.9  >0.05
Systolic PAP (mmHg)  83.2±16.2  77±15.4  <0.05  83.5±13.4  83±15.6  >0.05
Diastolic PAP (mmHg)  40.8±15.6  34.2±16  <0.05  40.4±11.9  41±16.6  >0.05
PVR (Wood U/m2) 12.2±7.6  6.6±6  <0.05  12.2±4.3  14.3±6  >0.05
PVR/SVR  0.6±0.5  0.3±0.3  <0.05  1±0.6  0.8±0.5  >0.05
Qp (l/min)  3.6±3.2  7.2±9.6  <0.05  3.3±1.9  3.3±1.6  >0.05
Qp/Qs  2.3±1.5  6±4.8  <0.05  1.2±0.5  1.6±0.7  >0.05
Arterial oxygen saturation 83.6±16  94.4±5  <0.05  87.8±7.3  98±1.2  >0.05
Pre: Preoperative; Post: Postoperative; SD: Standard deviation; PAP: Pulmonary artery pressure; PVR: Pulmonary vascular resistance; SVR: Systemic vascular 
resistance; Qp: Pulmonary blood flow; Qs: Systemic blood flow ratio.
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The patients were followed for 24 hours after the 
administration of the inhaled iloprost, and no side 
effects were observed.

DISCUSSION
Pulmonary hypertension is a complex, 
multidisciplinary disorder characterized by 
abnormally high pulmonary vascular pressure, and 
it is usually idiopathic in adults. In developing 
countries like Turkey, pediatric patients without 
access to surgery are exposed to long-term 
pulmonary hypertension. Consequently, pulmonary 
vascular disease develops in these patients. Thus, 

cardiologists are faced with a tough decision 
regarding whether surgery is necessary for patients 
with suspected pulmonary vascular disease, and 
pulmonary vasoreactivity remains an important 
tool for evaluating the pulmonary vascular beds 
because it helps define the best treatment option and 
prognosis.

The 2009 European Society of Cardiology (ESC) 
guidelines for the diagnosis and treatment of PAH 
in adults state that the vasoreactivity test should be 
used to detect patients who are likely to benefit from 
long-term treatment with calcium channel blockers.[2] 

Figure 1. Distribution of the patient’s pulmonary vascular 
resistance (PVR) values before and after iloprost inhalation.
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Figure 2. Distribution of the patients’ pulmonary vascular 
resistance (PVR), systemic vascular resistance (SVR) ratios 
before and after iloprost inhalation.
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Figure 3. Distribution of the patients’ mean pulmonary artery 
pressure (mPAP) values before and after iloprost inhalation.
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Figure 4. Distribution of the patients’ pulmonary blood flow 
(Qp)/systemic blood flow (Qs) ratios before and after iloprost.
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The rationale for pulmonary vasoreactivity testing 
in children with PAH is associated with two issues: 
management options and prognosis. This test evaluates 
the operability of the cardiac lesion in children with 
severe PAH secondary to CHD and can also predict 
whether a postoperative pulmonary hypertensive 
crisis is likely to show a favorable response to a 
pharmacological agent.[4] If the vasoreactivity test is 
positive when right heart catheterization is performed 
and if the hemodynamic parameters are convenient, the 
patient should undergo surgery before the development 
of pulmonary vascular obstructive disease.[9,10]

The agent used for the vasoreactivity test should 
be short-acting and safe, provide ease of use, and 
have limited or no systemic effects. These agents 
should be specific to the pulmonary vessels and have 
a rapid onset and offset of action. Oxygen, inhaled 
nitric oxide (iNO), inhaled iloprost, intravenous (i.v.) 
adenosine, and i.v. prostacyclin can be used for this 
purpose,[4,11] but oxygen and iNO are most commonly 
used in children.[2,12] In patients with CHD, pure 
oxygen is initially used for pulmonary vasoreactivity 
testing because it is readily available and easy to 
administer. Although oxygen has been widely used to 
assess pulmonary vasoreactivity in children with CHD, 
dissolved oxygen must be taken into account in order 
to avoid false positive results. The disadvantages of 
i.v. prostacyclin include the need for vascular access, 
systemic side effects, hypotension, and gas-exchange 
disturbances while i.v. adenosine has a rapid onset of 
action that can lead to systemic hypotension as well as 
bradycardia. Furthermore, iNO has been demonstrated 
to be an effective pulmonary vasodilator in children.[13] 
Moreover, Balzer et al.[14] showed an increased rate of 
sensitivity in defining the candidates for corrective 
surgery with the combination of oxygen and iNO, and 
although iNO is a commonly used agent, it may cause 
rebound pulmonary hypertension in some cases. Thus, 
as an alternative to iNO, the use of inhaled iloprost has 
increased in recent years,[15,16] and many centers have 
started using it for vasoreactivity testing, particularly 
in adult patients. For example, a recent study by Jing 
et al.[17] showed for the first time that aerosolized 
iloprost could be used for pulmonary vasoreactivity 
testing, and Opitz et al.[18] found that inhaled iloprost 
demonstrates pulmonary selectivity in contrast to 
intravenous prostacyclin. In addition, it was found to 
be a more potent pulmonary vasodilator than iNO in 
studies conducted on adults.[19,20] Hoeper et al.[19] also 
used inhaled iloprost for pulmonary vasoreactivity 
testing. However, there are only a limited number of 
relevant studies that have focused on the use of this 
agent in pediatric patients.[4,7,12,17]

Iloprost is a selective, short-acting vasodilator and 
a prostacyclin analogue with a stable structure. It has 
a half-life of 20-30 minutes and is readily available 
in many countries. Furthermore, it is an inexpensive, 
unlike iNO. The most common side effects of iloprost 
are coughing, headaches, flushing, and jaw pain,[21] but 
rashes and bronchoconstriction have also been reported 
in a few cases.[22-24] The primary rationale for using this 
agent instead of iNO is that it offers a comparable 
clinical effect while also being cheaper, and it can be 
more easily administered. Thus, inhaled iloprost is 
more likely to be used in poorer countries. Moreover, 
iNO therapy is not available in many countries.

The definition of a “positive” response is debatable. 
Diagnosis and treatment guidelines of the cardiology 
societies in Europe and the United States define it 
as a decrease of 10 mmHg or more in mPAP values 
in the setting of increased or stable cardiac output 
plus an absolute PAP value of 40 mmHg or less.[2,3] 
The supporting rationale for this definition is based 
on the clinical outcomes of a retrospective analysis 
by Badesch et al.[3] in which 557 patients were 
treated with high-dose calcium channel blockers. 
However, these guidelines can only be applied to 
adults. No guidelines currently exist for pediatric 
patients. Several parameters have been used as the 
criteria for vasoreactivity test positivity in various 
studies.[2,7,8,16,25] Berner et al.[8] used the simultaneous 
decrease of more than 10% in PVR and the PVR/SVR 
ratio while Rosenzweig et al.[16] added more specific 
criteria to define positivity among children with 
idiopathic PAH by including an mPAP of 40 mmHg or 
less and a decrease of at least 20% in the PVR index. 
In our study, positivity required a decrease of 10% 
in the PVR and the PVR/SVR ratio, which yielded 
a positive response to the pulmonary vasoreactivity 
testing in 42 of the 51 patients.

In the studies by Bush et al.[26] and Limsuwan et 
al.,[7] the decision regarding whether or not to operate 
on children with severe PAH was based on an actual 
PVR value of less than 6 Wood U/m2 or a pulmonary-
systemic resistance ratio of less than 0.3 following 
the acute vasodilator test. Furthermore, Balzer et 
al.[14] used an Rp/Rs ratio of less than 0.33 and a 20% 
decrease in this ratio compared with the baseline as 
the criteria for operability in their preoperative study 
group for iNO.

According to various studies in this field, 
a consensus has been reached to perform surgical 
correction in patients with a PVR of <6 Wood U/m2 and 
a PVR/SVR ratio of <0.3.[7,26] In our study, 41 patients 
had a positive response to the vasoreactivity test; 
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however, only the 30 whose PVR and PVR/SVR ratios 
agreed with this consensus were scheduled for surgery. 
Limsuwan et al.[7] found that 13 out of 22 pediactric 
patients with congenital heart disease in conjunction 
with severe pulmonary hypertension and left-right 
shunt had a positive response to inhaled iloprost 
vasoreactivity testing, and they reported persistent 
pulmonary hypertension in two of these patients 
during the postoperative period. After the corrective 
surgery was performed on 30 of our patients, persistent 
pulmonary hypertension was observed in only eight of 
them postoperatively. In addition, none experienced a 
hypertensive crisis and all of them survived.

No adverse effects have been reported when inhaled 
iloprost has been used for vasoreactivity testing.[12,27] 
In a study that featured both pediatric and adult 
patients, i.v. adenosine and inhaled iloprost were used 
for vasoreactivity testing in patients with idiopathic 
pulmonary hypertension. While non-inferiority was 
shown for both agents in terms of efficacy, the iloprost 
was found to be safer with regard to side effects. In 
fact, only two out of the 74 patients in the study had 
side effects (a cough and hypotension) that could be 
attributed to this agent,[17] and in our study, no adverse 
effects were associated with iloprost.

Our study was retrospective in nature and was 
performed at a single center with a small cohort. 
Therefore, we were not able to compare the efficacy 
of inhaled iloprost with other drugs. In addition, the 
duration of the postoperative follow-up was insufficient. 
Therefore, we recommend that a prospective, multi-
center clinical study with a larger sample size be 
conducted to verify our findings.

Conclusion

Pulmonary vasoreactivity testing is an important 
tool that can be used to assess the pulmonary 
vascular bed in pediatric patients with pulmonary 
hypertension, and it can aid in determining the 
best treatment option. While various vasodilator 
agents have been used for pulmonary vasoreactivity 
testing in children, we would like to emphasize that 
iloprost, which has been highlighted in many recent 
studies, is probably the best option because of its 
rapid onset and offset of action, selectivity for the 
pulmonary bed, and good safety profile with limited 
side effects.
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