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Long-term results of surgical repair of congenital heart defects in
children with severe pulmonary arterial hypertension treated with
perioperative inhaled iloprost

Perioperatif inhale iloprost ile fedavi edlilen ciddi pulmoner arteriyel hipertansiyoniu
cocuklarda dogustan kalp hastaliklannin cerrahi onarnminin uzun dénem sonuglar
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ABSTRACT

Background: This study aims to evaluate the long-term
outcomes of patients with pulmonary arterial hypertension
associated with congenital heart disease treated with inhaled
iloprost perioperatively.

Methods: Between 2008 and 2011, 16 children (10 boys, 6 girls;
mean age 4.97 years; range 8 months to 17 years) with a ventricular
septal defect and associated severe pulmonary arterial
hypertension who had a positive vasoreactivity were administered
inhaled iloprost for a mean duration of 40 (range 7 to 90)
days before the surgical repair. Inhaled iloprost was used for
five days postoperatively. Pulmonary arterial hypertension was
diagnosed by right and left heart catheterization and evaluated
with echocardiography immediately before the operation, 30 days
postoperatively, and annually for five years.

Results: The mean systolic and mean pulmonary artery
pressures at the initial presentation were 81 (range 51 to 104)
mmHg and 60 (range 41 to 77) mmHg, respectively. After
the administration of inhaled iloprost, there was a decline of
about 18 mmHg according to the echocardiographic findings
(p<0.05). After surgery, the mean pulmonary arterial pressure
additionally decreased by 14 mmHg (p<0.05). There was
mortality in two patients perioperatively. The remaining
patients recovered well and were uneventfully discharged.
There was no increase in the postoperative pulmonary artery
pressures in discharged children for five years.

Conclusion: Inhaled iloprost-induced pulmonary vasodilator
response varies among children. The use of inhaled iloprost before
and after the surgical repair assures a reduction in pulmonary
arterial pressure and decrease cardiovascular complications.

Keywords: Acute vasodilator testing; congenital heart disease and
surgery; inhaled iloprost; pulmonary vasoreactivity.
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Amag: Bu calismada perioperatif inhale iloprost ile tedavi
edilen dogustan kalp hastaligi iligkili pulmoner arteriyal
hipertansiyonu olan hastalarin uzun donem sonuglari
degerlendirildi.

Calisma plani: 2008 - 2011 yillar1 arasinda, ventrikuler septal
defekt ve iligkili siddetli pulmoner arteriyel hipertansiyonu
olan, vazoreaktivite testi pozitif toplam 16 cocuga (10 erkek,
6 kiz; ort. yas 4.97 yil; dagilim 8 ay-17 yil), cerrahi onarim
oncesinde ortalama 40 (dagilim 7-90) gun sureyle inhale
iloprost uygulandi. Inhaler iloprost, ameliyat sonrasinda bes
gun sureyle kullanildi. Pulmoner arteriyel hipertansiyon tanist,
sag ve sol kalp kateterizasyonu ile konuldu ve ameliyattan
hemen Once, sonrasinda 30. giinde ve bes yil boyunca yillik
olarak ekokardiyografi ile degerlendirildi.

Bulgular: 11k bagvuru esnasinda ortalama sistolik ve
ortalama pulmoner arter basinglart sirasiyla 81 (dagilim
51-104) mmHg ve 60 (dagilim 41-77) mmHg idi. Inhaler
iloprost uygulamasindan sonra, ekokardiyografik
bulgulara gore, yaklagik 18 mmHg dusus izlendi (p<0.05).
Ameliyattan sonra ortalama pulmoner arter basinci
14 mmHg daha dustu (p<0.05). Ameliyat siras1 donemde
iki hastada mortalite gozlendi. Geri kalan hastalar
iyilesti ve sorunsuz olarak taburcu edildi. Taburcu edilen
hastalarda bes yil boyunca ameliyat sonras: pulmoner arter
basin¢larinda yukselme gozlenmedi.

Sonug: Inhaler iloprost ile elde edilen pulmoner vazodilator
yanit ¢ocuklar arasinda degiskendir. Cerrahi onarimdan once
ve sonra inhale iloprost kullanimi, pulmoner arter basincinda
dusus saglar ve kardiyovaskiuler komplikasyonlar1 azaltir.
Anahtar sozciikler: Akut vazodilator test; dogustan kalp hastaligi
ve cerrahisi; inhale iloprost; pulmoner vazoreaktivite.
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Pulmonary arterial hypertension (PAH) is an
important factor for morbidity and mortality in
children with ventricular septal defects.'? Due to
the increase of pulmonary blood flow, progressive
and serious structural changes in the vessel wall can
occur including extensive intimal changes, adventitial
fibrosis, and loss of intra-acinar arteries. Thus,
pulmonary artery pressure (PAP) increases, which
can lead to progressive heart failure and death.®
Pulmonary hemodynamic parameters are, therefore,
used to decide whether surgical correction is indicated.
In some cases, despite surgical repair, pulmonary
vascular disease continues to progress or the overall
operative risk is associated with a very poor outcome.™!
Prior to surgery, the medical team must assess the
pulmonary vasoreactivity and reversibility to choose
the optimal way for patients with serious PAH who
are at the edge of inoperability, and administer agents
such as nitric oxide, prostacyclin, and bosentan to
make them eligible for surgery.?*-!

Prostacyclin is a pulmonary vasodilator and can
be administered intravenously or via a nebulizer. It
affects through a secondary messenger system and
decreases calcium levels intracellularly with subsequent
vasodilatation. Inhaled iloprost is a stable prostacyclin
and can be used in children with pulmonary arterial
hypertension.?+9!

In the present study, we aimed to evaluate the long-
term outcomes of patients with PAH and congenital
heart disease (CHD) treated with inhaled iloprost
perioperatively.

PATIENTS AND METHODS

A total of 16 children (10 boys, 6 girls; mean age 4.97
years; range 8 months to 17 years) with a ventricular
septal defect and associated severe PAH who had
a positive vasoreactivity were administered inhaled
iloprost before the surgical repair.”® Pulmonary
arterial hypertension was defined as a mean PAP of
>25 mmHg and severe PAH was defined as a systolic
PAP higher than 75% of the systolic aortic pressure.™®
Inhaled iloprost (Ventavis™, Bayer Schering Pharma
AG, Germany) was administered via a nebulizer
for a mean duration of 40 (range 7 to 90) days prior
to surgery. The initial dose was 2.5 pg. Dose was
increased to 5 pg in those with minimal to no side
effects. It was diluted in 0.9% saline and administered
in six equal doses using a facial mask, and an OMRON
NE-C28 CompAIR Nebulizer (OMRON Healthcare
Inc., Lake Forest, IL, USA) for 20 min. During iloprost
treatment, echocardiographic measurements were
made routinely, and the medical team decided whether

the patient was eligible for surgery. The study protocol
was approved by the Ethics Committee of Turkiye
Yiksek Ihtisas Training and Research Hospital. The
study was conducted in accordance with the principles
of the Declaration of Helsinki.

Surgery and anesthesia were carried out according
to routine practice. We kept on administering inhaled
iloprost postoperatively and planned to re-evaluate
PAH with echocardiography at the postoperative first
week and first month. Pulmonary hypertensive crisis
(PHC) was defined as an abrupt increase in systolic
pulmonary artery pressure higher than 60% systolic
blood pressure associated with cardiopulmonary
compromise as reflected by hypoxia and the requirement
of immediate medical intervention. During routine
follow-up, all patients were assessed with detailed
physical examination. Mean time between the first
postoperative echocardiographic examination to the
first routine detailed follow-up was 35 days. All
patients were followed every three months in the
first year, every six months for the second year, and
annually thereafter up to five years.

Statistical analysis

The SPSS for Windows version 14.0 (SPSS Inc.,
Chicago, IL, USA) software package was used
for statistical analysis. Continuous variables were
expressed in median + standard deviation (SD), while
categorical variables were expressed in percentages.
For normally distributed data, the paired samples
t-test was used to compare pre- and post-treatment
values. The Kaplan-Meier plot was used for the
overall survival. A p value of <0.05 was considered
statistically significant.

RESULTS

The mean bodyweight was 15.84 (range 4 to 45) kg.
At the catheterization lab, the mean baseline PAP
was 59.4+11.5 mmHg, the mean pulmonary vascular
resistance (PVR) was 6.7+2.8, and the mean ratio of
pulmonary to systemic resistance (Rp/Rs) was 0.4+0.2.
Baseline characteristics of the patients are shown in
Table 1.

The mean PVR decreased from 6.9 to 4.3 (p<0.001)
and the mean Rp/Rs decreased from 0.4 to 0.2+0.2
(p<0.001) after iloprost vasoreactivity testing. All
patients were administered inhaled iloprost after
catheterization, until surgery was performed. Prior to
surgery, the mean PAP decreased to 41.9+8.2 mmHg
(p<0.001) (Figure 1). Postoperatively, the patients
continued to use inhaled iloprost for five days. At
30 days, the mean PAP was 24+4.2 mmHg (p<0.001).
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Figure 1. Mean pulmonary artery pressures.

PAP: Pulmonary artery pressure; a: Pre-acute vasodilator test; b: Post-acute
vasodilator test; c: Preoperative final echocardiography; d: Postoperative first
month; e: Postoperative fifth year.

One of the patients died intraoperatively due to PHC.
He was followed for 90 days before surgery with inhaled
iloprost and the mean PAP decreased from 66 mmHg to
45 mmHg preoperatively. Another patient died at the first
month postoperatively during cardiac catheterization
due to the pulmonary hypertensive symptoms following
surgery. The patient was followed for a month with
inhaled iloprost and his inital PAP of 59 mmHg
decreased to 49 mmHg before surgery. Fourteen patients
recovered well and uneventfully discharged from the
hospital. The mean length of hospital stay was 7 days.
The Kaplan-Meier survival curve is shown in Figure 2.
None of the survivors had any cardiac or respiratory
problems throughout follow-up.

DISCUSSION

Pulmonary arterial hypertension is a severe disease
in which pulmonary artery remodeling leads to an
increase in the PVR and PAP, eventually resulting
in the right ventricular failure and death.”’ Despite
evolving treatment guidelines and the availability
of PAH-targeted therapies, PAH prognosis remains
very unfavorable in children.'” On the other hand,
in assessing operability in PAH-CHD, there is no
established protocol for acute vasodilator testing
(AVT) or proven criteria to assess the response with
respect to either operability or long-term outcomes.!'!!
Although many studies examined retrospective criteria
for operability, such as PVR/systemic vascular
resistance (SVR), there is no solid evidence to support
the absolute mean PAP, PVR index, or PVR/SVR in
response to AVT which determines operability with
an adequate sensitivity and specificity to predict a
favorable long-term outcome.!!!"%
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Figure 2. Kaplan Meier curve showing survival of patients.

Our study group consisted of adolescents with
PAH-CHD who were unable to reach an early medical
treatment related to the lower social-economic
status. Since PAH was severe in these cases, it
was critical to determine if they were eligible for
surgery. The use of acute vasodilator challenge has
been strongly encouraged, if baseline PVR index is
between 6 and 9 Wood units x m? in the presence of
a PVR/SVR ratio of about 0.3 to 0.5.1"* Our patients
had a mean PVR of 6.7+2.8, and the mean Rp/Rs was
0.4+0.2. For the assessment of the operability of an
individual patient with a CHD and high PVR, there
is no consensus as to whether vasoreactivity testing
is accurate enough to discriminate between patients
who would or would not have a good surgical
outcome." At this point, our study emphasizes the
importance of inhaled iloprost treatment during the
medical decision process. Formal hemodynamic
assessment with vasoreactivity testing is also
important, as patients with lower preoperative PVR
and evidence of significant vasoreactivity are likely
to be better surgical candidates. Sung et al.l¥!
strongly recommended pretreatment with advanced
therapies such as iloprost and tolerance to long-term
administration before surgery.

In the present study, we administered inhaled
iloprost to all patients. Duration of iloprost treatment
before surgery varied among the patients, and medical
team decided to the time of a surgical approach during
regular echocardiographic examinations: if pulmonary
hypertension regressed to an acceptable level, surgical
correction was allowed.
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On the other hand, common adverse effects of
inhaled iloprost include cough, headache, flushing, and
jaw pain. In their study, Krug et al.l'! showed serious
side effects such as syncope, tachycardia, pneumonia,
and dyspnea in 2 to 5% of the patients. In our study, no
acute toxicities related to the inhalation of aerosolized
iloprost and no systemic side effects were observed.

Both aerosolized and intravenous infusions of
iloprost cause a significant decrease in the mean PAP
and PVR. Although intravenous infusion can cause a
large decrease in the mean systemic arterial pressure,
this is only slightly affected by aerosolized iloprost.!'”
This is the reason why we preferred inhaled iloprost to
intravenous infusion in our study.

The mortality rate associated with PAH
has constantly declined over time. Since inhaled
nitric oxide (iNO) is established as an additional
therapeutic option, the mortality rate of PAH has
further declined.™®1201  Despite relatively high
mortality rates reported in the literature, two deaths
occur in our study population. However, this finding
should be confirmed in further large-scale studies,
before we conclude that the use of aerosolized iloprost
reduces the mortality rates. In addition, one patient
had PHC after weaning from cardiopulmonary
bypass intraoperatively and died. Another patient was
discharged without any complications, but had an
increase in PAP values and arrested at the exploratory
catheterization; however, the patient did not respond
to resuscitation at the first month postoperatively.
Since most complications such as PHC and prolonged
ventilation occur at the first couple of days after
surgery, we continued administering inhaled iloprost
for five days following surgery to minimize the risk.
All other patients continued to use inhaled iloprost
postoperatively for five days. Despite the fact that
we observed a generalized decrease in the mean PAP
values even below the level immediate after surgery
with use of inhaled iloprost, the mean PAP mostly
benefits from corrective surgery, and inhaled iloprost
surely is an adjunct therapy. There was no increase in
the postoperative PAP in discharged children for five
years. These data suggest that the majority of children
with PAH who undergo surgical repair adjunct with
iloprost are likely to have a mean PAP which returns
to normal in the long-term. This finding suggests us
that high PAP is related to the increased blood flow
and concomitant response of pulmonary vascular bed
to this flow.

Nonetheless, our study was retrospectively designed
and performed at a single center. In addition, inhaled
iloprost was not compared with other comparatives
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or placebo. Also, although our follow-up duration
was satisfactory, further long-term, large-scale, multi-
center studies are required to assess the hemodynamic
effects of inhaled iloprost and confirm our findings.

In conclusion, aerosolized iloprost treatment
significantly reduced the pulmonary arterial pressure
in the patients with pulmonary arterial hypertension
before repair for congenital heart defects. Aerosolized
iloprost may also contribute to a decreased mortality
rate. However these results are needed to be confirmed
with further well-designed clinical trials.
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