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None has investigated on aerosolized pulmonary vasodilators using prostacyclin analogues. This study was therefore concep
tualized to determine the effect of inhalational or aerosolized prostacyclin analogue (Iloprost) in the prevention of postop
erative pulmonary hypertensive crisis when given at least 48 hours in the postoperative period. The specific objectives are: 
(1) to determine the effect of aerosolized lloprost on the oxygen saturation, systolic and diastolic BP, tricuspid and pulmonary
regurgitations, pulmonary artery pressure, Qp/Qs and pulmonary vascular resistance (RpRs), and (2) to determine the effect
on the following clinical parameters: occurrence of pulmonary hypertensive crisis, length of hospital stay, duration of 
mechanical ventilation, and in-house mortality.

The natural history of an uncorrected congenital heart clisease especially after two years of age is the development of 
pulmonary hypertension. Among left -to-right shunts, when the pre-operative pulmonary artery pressure rises about two
thirds the systolic blood pressure, the risk for postoperative pulmonary hypertensive crisis increases and determines the 
surgical risk, morbidity, and mortality. Pulmonary hypertensive crisis is an episode of acute postoperative deterioration with 
acute reduction in oxygen delivery. The increased pulmonary vascular resistance (RpRs), and increased right ventricular 
aftcrload decreases the cardiac output. This leads to oxygen desaturation, metabolic acidosis, and a further reduction in 
cardiac output leading to bradycardia, and death. Attempts therefore at pharmacologic vasoc:lilatation of the pulmonary bed 
after surgery is the goal of management. Several drugs have been recommended, including oxygen inhalation, nitric oxide, and
milrinone. 

This is a randomized double-blind placebo controlled study. The study population included pediatric patients (0-19 years of 
age) with congenital heart disease (CI-ill) - left-right shunts with moderate to seve.re pulmonary arterial hypertension 
admitted at the Philippine Heart Center from March 2005 to January 2006. PA pressure was determined by Doppler 
echocardiography using pulmonary acceleration time (PAT). Patients with PA pressure of at least 60 mmHg and above were 
included in the study. The need for preoperative hemodynamic study to determine operability was decided upon by the 
attending physician. 
Patients were divided into two groups: Group I received every 6 hours aerosolized Iloprost for 48 hours, and group II was 
the control group, given nebulized saline solution. Randomization was done by using a table of random numbers. 
Evaluation of parameters was done at 0-hour, 24- hour, and 48-hour postoperatively. There were 19 patients enrolled in 
the study: ten in Group I and nine in Group IL Aerosolized Iloprost was given at a dose of 25 ng. kg·' min·' and was given
at 6-hour interval for 48 hours. 

Of the nineteen patients enrolled in the study, 58% were males with a 1.4:1 male to female ratio. 1kan age was 7 .25 + 5.93 
months in the Iloprost group and 3.63 + 5.19 months in the placebo group. Both were comparable in their preoperative 
baseline characteristics, with a mean PAP of 68.55 + 10.70 and 60.37 + 12.66 respectively (p >0.05). Ventricular Septa! 
Defect (VSD) was the most common lesion (59%). 
Every 6 hours nebulization for 48 hours post-operatively did not change 02 saturation nor there was a drop in systolic and 
diastolic blood pressures. There was no difference in the tricuspid regurgitation jet in both groups, but a significant dropped 
in pulmonary regurgitation jct was noted in the Iloprost group 48 hours post-operatively (p 0.040). Pulmonary artery 
pressure analysis showed a more significant drop at the end of 48 hour (p 0.002). Both groups showed a decrease in 
pulmonary vascular resistance with a higher drop in the placebo group at 24 hours (p 0.028) and a more significant decrease 
at 48 hours in the lloprost group (p 0.012). There was a decreasing trend in the Qp/Qs ratio from pre-operative levels to 
48 hours post-operatively but these were not statistically significant. Increasing the sample size is recommended. No 
mortality in both groups with no side effects noted. 

Aerosolized Iloprost given every 6 hours can be an important pharmacologie agent to modify the pulmonary vascular bed in 
the immediate postoperative period to prevent pulmonary hypertensive crisis among children with CHO who undergo 
surgical correction. It is suggested that pre-operative aerosolized Iloprost nebulization as preoperative pulmonary vasodilatator 
may be started 48 hours preoperatively to significantly drop the PAP and pulmonary vascular resistance in the immediate 
post-operative period. Once proven, a protocol in the approach of children with CHD with moderate to severe pulmonary 
hypertension should be recommended. This can also increase the number of children who can still be operable despite 
moderate to severe PA hypertension. 
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BACKGROUND OF THE STUDY 

The natural history of an uncorrected congenital 
heart disease especially after two years of age is the 
development of pulmonary hypertension . It is an 
important determinant in the clinical presentation and 
surgical approach of patients with congenital heart 
disease and contributes significantly to morbidity and 
mortality in cardiac surgery1

• 

There is no single therapeutic approach that is 
uniformly successful for secondary pulmonary 
hypertension. Therapy has improved dramatically over 
the past several decades, resulting in sustained clinical 
and hemodynamic improvement, as well as increased 
survival in children. Once pulmonary hypertension has 
been diagnosed, therapeutic efforts should be 
simultaneously directed toward the specific treatment 
of the inciting causes suspected as well as toward 
reduction of pulmonary vascular resistance and 
improve right ventricular function by optimizing 
preload and contractility . 

Conventional medical management of pulmonary 
arterial hypertension can be divided into three 
categories: general supportive care, hyperventilation 
and pharmacologic vasodilators. One of the most 
successful approaches to reduce pulmonary artery 
pressures is the manipulation of cardio-respiratory 
interactions to lower pulmonary vascular resistance. 
Therapy directed at reducing pulmonary hypertension 
consists of increasing pH, decreasing partial pressure 
of carbon dioxide in arterial blood (PaCO2), increasing 
PaO2 and minimizing intra-thoracic pressures . General 
supportive care consists of oxygen administration to 
maintain normocapnia, correction of acid base 
abnormalities, and maintenance of normal temperature 
and blood pressure. Avoidance or suppression of 
stressful stimuli through administration of sedatives, 
anesthetics and neuromuscular paralysis is important. 
Hyperventilation to produce respiratory alkalosis is the 
classic treatment to cause relatively selective relaxation 
of the constricted pulmonary circulation. 

Use of vasodilator drugs or blockers of endogenous 
vasoconstrictor release have resulted in the 
understanding that no single drug is likely to be found 
to treat all the problems in every pulmonary 
hypertensive patient. Vasodilators include alpha 
adrenergic antagonists, nitro-vasodilators, beta 
adrenergic agonists, prostaglandins and calcium 

channel blockers2
. Vasodilators can be administered 

either intravenously or inhalational. Intravenous 
vasodilators can reduce pulmonary vascular resistance 
but also have an effect on the systemic circulation. 
Arterial hypotension is usually expected, which results 
in the reduction of right coronary blood flow and may 
lead to further deterioration of right ventricular 
performance1

. 

Inhaled nitric oxide (NO) is a more selective 
pulmonary vasodilator with virtually no systemic side 
effects1

• Recently, the inhalational use of the long
acting prostacyclin analog, Iloprost, has been reported 
to offer superior selective pulmonary vasodilatory 
properties relative to nitric oxide inhalation, in primary 
pulmonary hypertension3 . There are series of foreign 

studies on the treatment of pulmonary hypertension 
using prostacylin analog, Iloprost, but tl1ere is no study 
on its usefulness post-operatively, on children with 
secondary pulmonary hypertension undergoing 
corrective open heart surgery. 

The ultimate goal in the treatment of patients with 
congenital heart disease is corrective surgery. Patients 
with moderate to severe pulmonary artery hypertension 
are in a high risk of post-operative mortality and 
morbidity due to hypertensive crisis. It is therefore the 
aim of this study to determine whether inhaled Iloprost 
can be used for pulmonary hypertension post
operatively to prevent hypertensive crisis and mortality. 
Should it be proven, this drug may be added to the 
usual medications given to patients operated with 
pulmonary artery hypertension secondary to congenital 
heart disease. 

REVIEW OF RELATED LITERATURE 

In a study done by Langer et. al. on ten (10) patients 
with pulmonary hypertension secondary to mitral valve 
disease and associated with pulmonary hypertension 
who underwent mitral valve repair or mitral valve 
replacement and were given intra-operative inhalation 
of long-acting prostacyclin analogue, Iloprost, there 
was a significant decrease in mean pulmonary arterial 
pressure fr.om 31.6 +/-6.6 to 26.1+/-3.1 mm Hg. 
(p=0.01)4.

Inhaled Iloprost caused a selective decrease in 
pulmonary artery pressure in all patients and an overall 
decrease in Rp/Rs from 0.62+/- 0.47 to 0.20+/-0.14 
(p<0.01). Systemic artery pressure only slightly 
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decreased with aerosolized Iloprost application 
(p<0.05) according to Hallioglu et. al. in their study 5

• 

In the study done by Rimensberger et. al. on inhaled 
nitric oxide (NO) versus aerosolized Iloprost in 
secondary pulmonary hypertension, it showed that with 
inhaled NO, the pulmonary vascular resistance and 
systemic vascular resistance ratio decreased from 
0.48+/- 0.38 to 0.27+/-0.16 (p<0.001). With Iloprost, 
it decreased from 0.49 + /- 0.38 to 0.26+ /- 0.11 
(p<0.05)6.

OBJECTIVES OF THE STUDY 

General Objective: 

To determine the effect of aerosolized Prostacyclin 
analogue (Iloprost) in the prevention of pulmonary 
hypertensive crisis when given at least 48 hours in the 
immediate post-operative period. 

Specific Objectives: 

1. To compare the effect of inhaled Iloprost post
operatively on the following parameters:
1.1 Oxygen saturation
1.2. Systemic blood pressure
1.3. Diastolic blood pressure
1.4. Tricuspid regurgitation
1.5. Pulmonary regurgitation
1.6. Pulmonary artery pressure by PAT
1.7. Qp/Qs
1.8. Pulmonary vascular resistance

2. To determine its effect as to:
2.1 presence of pulmonary hypertensive crisis
2.2 length of hospital stay
2.3 duration of mechanical ventilation
2.4 in-hospital mortality.

3. To determine its adverse reactions if any among
children· with secondary pulmonary hypertension
undergoing cardiopulmonary bypass.

METHODOLOGY 

STUDY DESIGN 

This is a randomized double blind experimental 

placebo controlled study which identifies the effects 
of 48-hour post-operative inhalation of prostacyclin 

analogue Iloprost for secondary pulmonary 
hypertension among children with left to right shunts. 

STUDY SITTING 

This study was conducted in a tertiary hospital, 
the Philippine Heart Center, East Avenue, Quezon 
City, Philippines. 

STUDY POPULATION 

The study population included pediatric patients 
(1 day to 19 years old) with moderate to severe 
pulmonary arterial hypertension secondary to congenital 
heart disease (CHD) admitted at Philippine Heart 
Center from March 2005 to January 2006. Pre-operative 
pulmonary artery pressure was determined by Doppler 
echocardiography using pulmonary acceleration time 
(PAT) and was defined as follows: mild pulmonary 
arterial hypertension (PAH) PAT of 80 to 100 msec, 
moderate PAH 60 to 80 msec and severe PAH < 60 
msec7

• T hese pediatric patients with CHD and
pulmonary hypertension with or without cardiac 
catheterization and was operated, were included in the 
study. The need for pre-operative hemodynamic study 
to determine operability was decided upon by the 
attending physician. 

Patients were divided into two groups. Group I is 
the study population who received every 6 hours 
aerosolized Iloprost for 48 hours; and Group II is the 
control population who received placebo nebulization 
every 6 hours for 48 hours. Randomization was done 
by using a table of random numbers. Aerosolized 

Iloprost was added to the usual treatment regimen of 
post-operative intensive care of children undergoing 
corrective cardiac surgery. 

Informed consent was obtained from parents before 
patients were included in the study duly approved by 
the institutional ethics committee. 

Excluded in the study were the following: 
1 . patients with mild pulmonary artery hypertension 
2. patients with primary pulmonary hypertension

·· ··3. patients with cardiomyopathy, mitral or aortic valve
disease 

4. patients with uncorrected hemorrhagic disease and
liver disease

5. cyanotic congenital heart disease
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A total of nineteen (19) subjects were included in 
the study, ten (10) from the Iloprost group and nine (9) 
from the control group. 

STUDY PROTOCOL 

Baseline ZOE with CFDS* and 1\rtcrial Blood Gas 

l 
( ±) Hemodynamic study 

l 
Selection of Stud

l 
population 

GROUP! 

/ 
Randomization 

� 

GROCP I[ 

l 
AJminis1ra1.ion of aerosolized 

lloprost i1nmediatcly at the RR and 
every 6 hr$. post-opcrati,·cly for 48 hours 

l 

Administration of aerosolized 
placebo immcdia1·ely at the RR and 

every G hrs post-OpcratiYely for 48 hrs 

l 
Determination of baseline 02 saturation and PAP by PA line if available 

before acrosofo•.cd lloprost and placebo administration and at 15, 30 and 60 minutes 
nftcr administration and then every hour for 48 hrs. 

l 
Measurement of parameters by 2DE with CFDS* immediately post-operatin!, 

24 hrs. and 48 hrs. after the 411, dose and 81h dose of aerosolized lloprost and as rhc need 
arises for any signs of hypertensive crisis 

l 
Analysis of <lata 

* Color Flow Dopler Study 

DRUG ADMINISTRAT ION 

Iloprost (Homed.ion; ScheringAG, Berlin, Germany) 
was obtained as an ethanol-buffered solution and was 
prepared from a vial of S0ug/0.5 ml. Aerosolized 
Iloprost was administered with a dose of 25 ng. kg-1• 

min· 1• Three (3) ml. of isotonic saline solution was 
added to the nebulizing solution. For nebulization, we 
used the Optineb nebulizer connected to the inspiratory 
limb of the ventilator or to a modified Jackson-Rees 
system for bag ventilation, and if extubated, we used 
the nebulization by face mask. Iloprost was 
continuously aerosolized with a flow rate of 6 LPM 
for approximately 10 minutes. 

The control group received 3 ml. of isotonic saline 
solution delivered thru.,the Optineb nebulizing jet 
connected to the ventilator and once extubated, thru 
face mask. 

MEASUREMENT of PARAMETERS 

Doppler echocardiographic measurements was 
obtained using a commercially available echo-Doppler 
apparatus Acuson XP and Aspen equipped with a 4 
MHz, 5 MHz and 7 MHz transducers with the 
possibility of performing combined 2-dimensional 
echocardiography and continuous wave or single-gated 
pulsed wave Doppler echocardiography. Simultaneous 
electrocardiogram tracing and Doppler 
echocardiographic measurements were obtained at a 
recording speed of 1 00mm/ sec. In the supine position, 
the pulmonary valve and the pulmonary artery (PA) 
were visualized from parasternal short axis view using 
standard technique at the second or third left parasternal 
space. To obtain the PA flow velocity wave, the pulsed 
wave Doppler sample volume was carefully placed in 
the middle of the PA, irrespective of the length of the 
PA. Pulmonary artery pressure by pulmonary 
acceleration time, tricuspid regurgitation, pulmonary 
regurgitation, Qp/Qs and pulmonary vascular 
resistance were computed. Pulmonary vascular 
resistance was determined by Doppler 
echocardiography as the ratio of RVPEP / VTI. RVPEP 
was measured from the beginning of the QRS to the 

opening of the valve. The VTI was obtained in meters 
by digitizing the signal envelope with the aid of a 
computer program (Figure 1 ) 8. Measurements of at least
three cardiac cycles was obtained and averaged. 

Fig. I. Doppler Recording of the Pulmonary Artery 

I 
. _/\__ -, ____j 
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PATIENT CHARACTERISTICS 

Demographic variables included age, sex, weight, 
body surface area. Clinical and laboratory parameters 
were systolic blood pressure, oxygen saturation, 
echocardiographic parameters: tricuspid and pulmonary 
regurgitation jets, pulmonary artery pressure (PAP) by 
PAT, Qp/Qs, and pulmonary vascular resistance 
(PVR). Cardiac catheterization parameters include 
mean PA pressure, systolic PA pressure, pulmonary 
vascular resistance (PVR), systemic vascular resistance 
(SVR), Rp/Rs, pulmonary artery oxygen saturation, and 
Qp:Qs. 

ANALYSIS OF DATA 

Statistical analysis was done by the Division of 
Preventive Cardiology. Data gathered was analyzed 
using the Epi Info. 

Frequency, percentage, mean, standard deviation 
and upper and lower 95% confidence intervals were 
calculated from the data. 

Independent T -test was used to determine the 
mean difference between the placebo and Iloprost 
group. Paired T-test was used to determine the mean 
changes within group of the different variables. 
Levine's test for equality of variance was likewise 
employed to find out homogeneity of variables. 
Analysis of co-variance (ANCOVA) was also used to 
determine differences between groups with baseline 
as covariate in cases of heterogeneity of baseline data. 
To determine change within group, Wilcoxon match 
pair sign rank's test was employed. P value of< 0.05 
was considered significant. 

RESULTS 

There were a total of nineteen (19) patients 
included in the study, diagnosed with congenital heart 
disease with left to right shunt with moderate to severe 
pulmonary arterial hypertension; ten (10) from the 
Iloprost group and nine (9) from the placebo group. 
They were admitted at the Philippine Heart Center from 
March 2005 to January 2006. Five patients underwent 
cardiac catheterization pre-operatively which was not 
a factor for randomization. 

Of the congenital heart disease with pulmonary 
arterial hypertension, ventricular septal defect (VSD) 
was the most common lesion comprising eleven (59%) 
of the population as seen in Table I. This was followed 
by isolated patent ductus arteriosus (PDA), sixteen 

" 

percent (16%). Fifteen percent had combined lesions 
(10% with VSD and PDA). 

Table L Distribution of Cases as to Cardiac Lesion 

LESION Group I Group II TOTAL 
ILOPROST PLACEBO 

N (%) N (%) N (%) 
VSD 7 (38) 4 (21) 11 (59) 
PDA 0 (0) 3 (16) 3 (16) 
ASD 0 (0) 1 (5) 1 (5) 
AVSD 1 (5) 0 (0) (5)
COMBINED: 
VSD,PDA 1 (5) 1 (5) 2 (10)
ASD,PDA 1 (5) 0 (0) 1 (5)
TOTAL 10 {53} 9 {47} 19 {100} 
VSD- Ventricular septa! defect, PDA- Patent ductus artcriosus, ASD- Atrial septa! defect, 
AVSD - Atrio,·entricular septa] defect 

There were eleven (58%) males and eight (42%) 
females, with a 1.4: 1 male to female ratio (Table II). 
Sex distribution was comparable in both groups. 

Table II. Sex Distribution 

SEX Group I Group II TOTAL 
ILOPROST PLACEBO 
N % N ¼ N % 

MALE 8 42 3 16 11 58 
PEJ'v1ALE 2 10 6 32 8 42 
TOTAL 10 52 9 48 19 100 

The mean age in the Iloprost group was 7.25 + 5.93 
months as compared to the placebo group of 3.63 + 
5.19 months but the difference was not statistically 
significant (Table III). The oldest patient in the Iloprost 
group was a case of a seventeen-year old male with 
ventricular septa! defect and a patent ductus arteriosus, 
and a fifteen-year old female with an isolated patent 
ductus arteriosus in the placebo group. 

Table III. Age Distribution 

VARIABLE Group I 
ILOPROST 
Mean SD 

AGE (mos.) 7_25±5.93 

Group II 
PLACEBO 
Mean SD 

3.63 ± 5.19 

P VALUE 

0.178 

Pre-operative comparison of baseline characteristics 
in Table Iv, showed that pulmonary artery pressure was 
comparable on both groups and not statistically 
significant. Comparison of pulmonary vascular 
resistance in both groups was highest and statistically 
significant in the Iloprost group with a p value of 0.014

which may be secondary to older age. Qp/Qs, shunt 
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gradient, tricuspid regurgitation and pulmonary 
regurgitation jets were not statistically significant in 
both groups. Mean 02 saturations were 95.05 + 4.64% 
and 97.77 + 1.78%, and the mean SBP were 99.00 +
12.87mmHg and 92.22 ± 6.67 mmHg for the Iloprost 
and placebo groups respectively. 

Table IV. Pre-operative Baseline CharacteriHics 

VARIABLES Group Group II PVALUE 

IILOPROST PLACEBO 

Mcao SD Mean SD 

PAP by PAT (mml-lg) 68.55 ± 10.70 60.37 ± 12.88 0.173 
PVR (s/m) 0.615 ± 0.15 0.458 ± 0.08 0.014** 
QpQs l.92 ± l.04 1.99 ±1.09 0.892 
Shunt c;ra<licnt (mml lg,) 38.67 ± 5.6 36.50 ± 19.10 0.801 
TR jc1 (mml lg) 48.56 ± 19.4 45.38 ± 27 .20 0.780 
PR je1 (mml lg) 29.83 ± 18.33 29.66 ± 22.67 0.988 
02 sa1. ("o) 95.05 ± 4.64 97.77 ± l.78 0.117 
SBP (mmllg,) 99.0U ± 2.87 92.22 ± 6.67 0.166 

DllP (mml lg) (,8.00 + 10.95 60.00 + 00.00 0.178 

02 - oxygen; SBP- systolic blood pressme, DBP- diastolic blood 
pressure QpQs- pulmonary to systemic blood flow, PVR
pulmonary vascular resistance, PAT- puhnonary acceleration time, 
Pr\P- pulmonary artery pressure, TR-Tricuspid regurgitation, PR

Pulmonary regurgitation 

There were seven patients (37%) and five patients 
(26%) with severe pulmonary arterial hypertension in 
the Iloprost and Placebo groups respectively. Three 
patients (16%)and four patients (21 %) in the Iloprost 
and Placebo groups respectively had moderate 
pulmonary artery hypertension (Table V). 

Table V. Distribution as to Severity of Pulmonary Artery 

Pressure 

VARIABLE ILOPROST PLACEBO 

N (%) N (¾) 
PAP by PAT 
MODERATE 3 (16) 4 (21) 

SEVERE 7 (37) 5 (26) 
TOTAL 10 (53) 9 (47) 

Every 6-hour nebulization for 48 hours post
operatively did not change 02 saturation at 0, 24 and 
48 hours nor there was a drop in systolic and diastolic 
blood pressures during the 48-hour nebulization period 
(Table VI). 
Table VI. post-operative Hcmodynamic Parameters 

VARIABLES O HOUR 24 HOUR 48 HOURS 
ILOPROST PLACEBO ILOPROST PLACEBO ILOPROST PLACEBO 
Mean SD Mean SD Mean SO Mean SD 

O2S.11.(••) 97.7+1.66 98.39tl.83 ?i.R:f-2.20 98..1+1.$1 
P ,·.1luc: 0.4? 0..IIH 

Sf3P{mml-lg) 9�.5±13..t 103±1.1.6 98.6±12.0 ?5.2±10.9 
P \':lhll' 0AA8 0.533 

OOP(mmHg) ;;?.5+11.6 67.7±15.o 64.8±9.64 6-LO±R.22 
P v.1\ue 0.178 0.870 

1\-lcan SD Mean SD 
%.5±1.15 ?R.7±1.22 

0.7(,-4 

107±17.8 95.2±12.1) 
0.097 

<1-l.8±8.48 (17.S±9.57 
0.{>37 

Post-operatively, there was a drop in the pulmonary 
artery pressure at O to 48 hours but was not statistically 
significant. There was a statistically significant 
difference in the TR jet immediately post-operatively 
between the Iloprost and the placebo group (p 0.027). 
The pulmonary regurgitation jet was lower in the 
Iloprost group post-operatively but the difference was 
not statistically significant. The pulmonary vascular 
resistance did not show any change from 0 to 24 hours 
but a statistically significant fall was seen at 48 hours 
post-operatively (p value 0.039). There was no 
significant difference in the pulmonary to systemic flow 
ratio (Qp/Qs) in both groups post-operatively with a 
p value of >0.05 at 0, 24 and 48 hours (Table VII). 
"fl'fi�1hl?51:°b'e''ffifehfB'�lfflrgi�t"forrection of the shunt 
f�RIAllL£S 0 HOUR 24 HOUR 48 HOURS 

:;lUllS. ILOPROST PLACEBO ILOPROST PLACEBO ILOPROST PLACEBO 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 
P:\P hy t>.-\T 65.5±17.0 61.0±12.0 62.2±1-L3 60.7.t.13. I 53.8±11.8 61.4±18.7 
(mmlli;) 
P ,·.1luc 0.18 0.67 0.637 
TR jcr 22.8±13.9 37.5 ± 12.51 28.3±13.51 37.7.t. lJ.3 23.40±12.0 34.6±12.7 
(mmllW 
P ,·:iluc 0,027• 0.148 0.066 
PR jct 15.H8.79 24.25±1(,.7� 13.0±9.8 18.H±IO.<, 15.9±11.9 16.9±10.7 
(mmll� 
P \!:tluc 0.303 0.297 0.870 
P\'ll 0.46±0-08 0.40±0.08 0.42±0.08 ll .. H±0.07 0.28±0.0-1 0.35±0.07 
(sccs/�Q 
P \·.1lut 0.3'2 0.51 0.039 
QpQs l.-t2±0.21 1.45±0.H 1.47±0.07 IA2.t.0A9 1.52±0.13 1.25:t.0.28 
(L/mm) 
P v.,luc 0. 19] 0.]49 0.303 

Pulmonary artery pressure showed a significant drop 
48 hours post-operatively compared with pre-operative 
measurements. Even if there was a higher pulmonary 
artery pressure in group I than in group II, a more 
significant decrease in PAP was seen at 48 hours with 
a p value of 0.002 ( Fig. II ) 

Fig. II. Changes in PAP Pre-operatively and at O, 24, 48 hours

between Iloprost and Placebo Groups Post-operatively 
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There was a decrease in tricuspid regurgitation jet 
in both groups from pre-operative measurements to 
post-operative values but these were not statistically 
significant (Fig. III). A statistically significant drop in 
the pulmonary regurgitation jet was noted 48 hours 
post-operatively in the Iloprost group (p 0.040) (Fig. 
IV). 
Fig. III. Changes in Tricuspid Regurgitation jet Pre-operatively 

and at 0, 24, 48 hours between Iloprost and Placebo Groups Post

operatively 
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Fig. IV. Changes in Pulmona ry Regurgitation jct Pre

operatively and at O, 24, 48 hours between Iloprost and Placebo 

Groups Post-operatively 

The pulmonary vascular resistance showed a 
statistically significant change with aerosolized Iloprost. 
Although group I had a higher PVR compared with 
group II, both groups showed a decrease in PVR with 
higher drop in the placebo group at 24 hours. There 
was a more significant decrease in PVR at 48 hours in 
the Iloprost group than in the placebo group (Fig V ). 

Fig V Changes in Pulmonary Vascular Resistance Pre-operatively and 
Post-operatively Between the Iloprost and Placebo Groups 
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There was a decreasing trend in pulmonary to systemic 
flow (Qp/Qs) ratio from pre-operative levels to 48 
hours post-operatively in both groups but these were 
not statistically significant ( Fig.VI). 

flig. VI. Changes in Qp/Qs Pre-operatively and Post-operatively Between 
Iloprost and Placebo 
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In the Iloprost group, there were still three (30%) 
patients with pulmonary hypertensive crisis and four 
(44%) in the placebo. There was no mortality in both 
groups. 

Table VIII. Clinical Outcome of Patients 

OUTCOME ILOPROST 

Pulmonary I IPN crisis 3 30 
MORBIDITY 

Residual VSD 2 20 
Residual VSD 
with Cerebral Palsy 0 0 
Residual VSD, PDr\ 
with CIIB 0 0 
Intraccanial I lemorrhagc 0 0 
MORTALITY 0 0 

PLACEBO 

4 

0 

1 

0 

44 

0 

11 

11 
t 1 
0 

HPN- I lypertcnsivc, CHB- Complete Heart Block 
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There was a shorter duration of ventilation in group I 
than group II but was not statistically significant. The 
length of hospital stay was longer in group II probably 
secondary to post-operative morbidity, but a direct 
correlation can not be concluded (Table IX) . 

Table IX. Duration of Ventilatory Support and Hospital Stay 

Between the lloprost and Placebo Groups 

VARIABLES Group I Group II P Value 
ILOPROST PLACEBO 

Mean SD Mean SD 

Duration of 4.65 ±-7.6 6.9 ± 8.0 0.549 
Ventilation (days) 
Length of I Tospital 20.89 ± 25.43 30.90 ± 21.66 0.367 
stay (day�) 

DISCUSSION 

Pulmonary blood flow increases markedly after 
birth. This is due to the physical expansion of the lungs 
with gas or due to the increase in oxygen concentration 
to which the vessels are subjected. A fall in pulmonary 
vascular resistance ensues reaching adult levels at 6 to 
8 weeks after birth 9

• 

In many infants with congenital heart lesions, there is 
retardation of the normal maturation of the pulmonary 
arterioles. The smooth muscle layer in the arterioles 
thins but not to the extent noted normally, and the 
time period of the changes is prolonged. The 
persistence of the muscle interferes with the normal 
decrease in pulmonary vascular resistance. Pulmonary 
vascular resistance falls slowly over the first 3 to 4 
months and does not reach the very low levels seen 
normally. Pulmonary vascular resistance is maintained 
at levels of about 2 to 4 times the normal level. 
Pulmonru:y blood flow increases as resistance falls, but 
pulmonary arterial pressure remains high at systemic 
levels because in these patients, its level is determined 
by the size of the communication between the two 
sides of the heart and not by the pulmonary vascular 
resistance 9

. 

There are three known factors associated with 
delayed maturation of the pulmonary arterioles: large 
systemic to pulmonary communications, altitude and 
increased pulmonary blood flow. All these have one 
feature in common, increased pulmonary arterial 
pressure 9

. 

The subjects of this study are patients with 
pulmonary arterial hypertension due to increased 
pulmonary blood flow and systemic-to-pulmonary 
communication, secondary to left-to-right shunt in 
patients with congenital heart disease. 

The assessment of pulmonary vascular reactivity 
plays an important role in the management of patients 
with pulmonary hypertension and congenital heart 
disease. Pulmonary hypertension (PHT) is recognized 
as a risk factor for peri-operative and post-operative 
morbidity and mortality in cardiac surgical patients. 

Patients who develop moderate to severe 
pulmonary arterial hypertension are prone to develop 
an episode of acute post-operative deterioration with 
acute reduction in oxygen delivery. The increased 
pulmonary vascular resistance (RpRs) increases right 
ventricular afterload and decreases the cardiac output. 
As cardiac output decreases, mixed venous saturation 
falls and aggravates hypoxic pulmonary 
vasoconstriction, thus amplifying the crisis. This leads 
to oxygen desaturation, metabolic acidosis, and a 
further reduction in  cardiac output leading to 
bradycardia, and death. The requirements of pulmonary 
hypertensive crisis are increased pulmonary artery 
pressures, increased right heart pressures, right 
ventricular (RV) dysfunction, decreased cardiac output, 
and decreased oxygen delivery 2

• Prevention therefore 
is imperative in these patients. 

This study shows that modification of pulmonary 
vascular bed with adequate pulmonary vasodilation is 
important despite a good surgical technique. 
Aerosolized Iloprost showed a decrease in pulmonary 
artery pressure up to the 48-hour with a significant drop 
in pulmonary vascular resistance. Although there was 
no significant drop in the TR jet post-operatively in 
both groups, a significant decline in PR jet was noted 
48 hours post-operatively in the Iloprost group. 

The most significant improvement in the treatment 
of severe pulmonary hypertension in recent years has 
been the introduction of continuous intravenous 
prostacyclin (PGIJ infusion which has been shown to 
improve exercise tolerance and survival 10

• PGI
2 

was 
thought to be a highly selective pulmonary vasodilator 
on the studies in infants with pulmonary hypertension. 
Prostacyclin (PGIJ has been proposed as an alternative 
to nitric oxide after the repair of CHD. Aerosolized 
Iloprost might have advantages over the inhalation of 
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nitric oxide, such as its lack of toxic reactions (which 
require monitoring of NO

2 
and methemoglobin 

for mation during NO inhalation), and its easy 
administration by conventional nebulizers, compared 
with the more complicated delivery systems required 
for NO. Possible life threatening rebound phenomena 
have been described with inhaled NO but not with 
aerosolized PGI

2 
or Iloprost withdrawal. In our study, 

no side effects were noted in the Iloprost group, from 
initiation to termination of the medication. These 
advantages might favor the use of Iloprost for the 
treatment of PHT. 

Aerosolized Iloprost has been shown to induce 
selective pulmonary vasodilatation in adults with 
pulmonary hypertension, with a low risk of systemic 
side effects. In children, an improvement of pulmonary 
hypertension has been demonstrated after long-term 
therapy with inhaled Iloprost. It exhibited a favorable 
hemodynamic response in pulmonary arterial 
hypertension patients: pulmonary artery pressure and 
pulmonary vascular resistance decreased, CO and 
arterial PO

2 
increased, systemic blood pressure 

remained stable and caused a significantly greater 
increase in cardiac output 3

• We noted a fall in 
pulmonary vascular resistance in our study which is 
consistent with the findings of Hoeper et. al. The 
pulmonary vascular resistance significantly dropped 48 
hours after initiation of Iloprost post-operatively. 

Even if pulmonary artery pressure does not drop 
significantly despite aerosolized Iloprost administration 
within 48 hour post-operatively, our observations are 
consistent with the findings of Herrera11, who did a 
study on 252 patients with acyanotic congenital heart 
disease with pulmonary arterial hypertension at the 
Philippine Heart Center from January 2001 to March 
2003. A decline in pulmonary artery pressure post
operatively was noted to start 2 weeks to 1 month after 
surgery (p value 0.000). Further decline which were 
also statistically significant were noted at 6 months to 
1 year (p value 0.008), and 1 year (p value 0.001) post 
cardiac surgery11

. This can explain why the pulmonary 
artery pressure of the patients of both groups did not 
show statistically significant changes 48 hours after 
surgical correction. 

The use of inhaled nitric oxide has been shown to 
be helpful for the assessment of pulmonary reactivity 
in selecting patients for surgery12 In this setting, the 

• 

aerosolization of prostacyclin might offer a real 
alternative to nitric oxide. In children with pulmonary 
arterial hypertension and CHD, both iNO and 
aerosolized Iloprost are equally effective in selectively 
lowering pulmonary vascular resistance6

• In the study 
of Rimensberger et. al.6 and several other investigators3

, 

they observed no changes in systemic vascular 
resistance or in systemic arterial pressures during 
Iloprost inhalation. Furthermore, they noted an 
impressive response to aerosolized Iloprost with 
inversion of the intracardiac shunt and further 
improvement of Rp/Rs. Our findings are consistent 
with the findings of these previous investigators. 

Preferential distribution of aerosolized Iloprost to 
the best ventilated lung areas which improved 
ventilation-perfusion matching, was seen by an increase 
in arterial oxygen saturation 13• Same findings were noted
by Hoeper et al.3 Aerosolized Iloprost also exerted
beneficial effects on arterial oxygenation, which 
probably reflected the more potent effects of Iloprost 
in the pulmonary vascular bed and the more 
pronounced increase of mixed-venous oxygen 
saturation. We observed the same findings as Hallioglu 
et. al 5

• Our study noted an increasing trend of oxygen 
saturation post-operatively in the Iloprost group 
although not statistically significant. There was no 
significant change in Qp/Qs pre-operatively and post
operatively between the lloprost and placebo group 
(Fig.VI). 

Clinical parameter assessment and changes in terms 
of need for length of mechanical ventilation, effect on 
hospital stay and pulmonary hypertensive crisis were 
not significant in both groups. This may be due to tl1e 
population. An increase in sample size maybe necessary 
to recommend a guideline for the prevention of 
pulmonary hypertensive crisis in the immediate post
operative period. 

CONCLUSION AND RECOMMENDATION 

Aerosolized Iloprost every 6 hours for 48 hours in 
the immediate post-operative period can be an 
important additive drug in the prevention of acute 
pulmonary hypertensive crisis because of its potential 
to decrease the pulmonary vascular resistance in the 
24th to 48th hour even if the pulmonary artery pressure 
does not drop significantly. 



Hernandez et al 

PJC Vol 35, No 2 The Use of Aerosolized Prostacyclin Analogue (ILOPROST) in the Prevention of Post-operative Pulmonary Hypertensive 
July - December 2007 Crisis Amon Children With Left-to-R1 ht Shunts and Moderate to Severe Pulmonar Arter H ertension 

It is however a recommendation that, a follow up 

study on pre-treatment for modification of the 

pulmonary vascular bed with pre-operative nebulization 

of Iloprost is needed since there were still 30% of 

patients who had pulmonary hypertensive crisis despite 

post-operative administration of aerosolized Iloprost. 

An increase in the number of subjects is necessary to 

attain a significant difference and decrease the variability 

within each group. 
Once proven, a follow-up research on pre-operative 

use of aerosolized Iloprost 48 hours prior to surgery 

to prevent pulmonary hypertensive crisis among children 

with CHD undergoing CPB can be done. 
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CLINICAL RESEARCH FORM 

Patient ID no. ____ _ Group: ____ Placebo __ Iloprost 

Name: ________________________ _ 
Age: ___ _ Birthdate:. _______ _ 
Sex: ___ _ Weight: ________ _ 
Address: __________________________ _ 
Dx: ____ VSD --�ASD ____ PDA ____ AVSD 

Others or Combination _________________ _ 

OUTCOME: _______ survived ______ Mortality 
MORBIDITY: Hypertensive Crisis 

_______ Length of hospital stay 
_______ Duration of Mechanical Ventilator 

______________________ Others 
Cause of Death: _____________________ _ 

Side Effects: ______________________ _ 

PARAMETERS PREOPERATIVE POSTOPERATIVE 24 HOUR 

02 sat 
SBP 
Qp 
Qs 
Qp/Qs 
Ro/Rs 
PAT 
PAP bv PAT 
Dec. TIME 
TRT 
PRJ 
Shunt Grad. 
PAP by PA line 

CARDIAC CATHETERIZATION PARAMETERS: 

0ARAMETERS PRE-02 

Mean PAP 
Svstolic PAP 
DVR 

SVR 
IRpRs 
Qp 
l._)s 
Qp:Qs 
PA 02 saturation 

48HR 

POST-02 
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PHILIPPINE HEART CENTER 
East Avenue, Quezon City

Section of Non-Invasive Cardiology 
Department of Pediatric Cardiology 

CONSENT FOR INCLUSION IN THE ILOPROST STUDY ON THE POST-OPERATIVE 
INHALATION IN PULMONARY ARTERY HYPRTENSION SECONDARY TO CONGENITAL 

HEART DISEASE 

Patient _____________ _ Hosp. NO. __ _ Date ___ _ 

1. I hereby consent to the performance of upon myself/ above patient the procedure : Iloprost
administration.

2. I further consent the performance of such additional procedure as stated in the heading as may be
considered necessary or desirable in the judgment of my attending physician, Dr. Ruzenette Felicitas

R. Hernandez of the above named institution.

3. I attest that the above procedure and trial will be done in conjunction with the standard procedure.

4. I also consent to the procedure for the purpose of better decision making, treatment options, and for
the purpose of advancing medical knowledge.

5. I attest that the trial has been fully explained to me and I understand what will be done to me/ above
patient.

THE UNDERSIGNED CERTIFIES THAT SHE/ HE UNDERSTANDS THE FOREGOING, AND 

IS THE PATIENT, OR IS AUTHORIZED BY THE PATIENT TO EXECUTE THE ABOVE AND ACCEPT 

ITS TERMS 

Signature of Patient _______________ _ 

Because the above patient is a minor, or in unable to sign 

Consent is given on the patient's behalf by 

Date ___ _ 

Signature of Patient's Authorized Agent ______________ _ 

Relationship to the Patient _________ _ Date ____ _ 

Note: In case the patient/responsible party cannot understand and read English, the above must be translated to 

him/her in him/her own dialect. 
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