DOI: 10.1002/pul2.12268

RESEARCH ARTICLE

U UDODETAI{IVEN] @°v" WILEY

Inhaled iloprost is an effective alternative therapy
for persistent pulmonary hypertension in newborns

Siikran Yildirim

Istanbul Prof. Dr. Cemil Tascioglu City
Hospital, Neonatal Intensive Care Unit,
University of Health Sciences, Istanbul,
Sisli, Turkey

Correspondence

Siikran Yildirim, University of Health
Sciences, Istanbul Prof. Dr. Cemil
Tascioglu City Hospital, Neonatal
Intensive Care Unit, Sisli, Istanbul,
Turkey.

Email: drsukranyildirim@yahoo.com

Funding information
None

INTRODUCTION

Abstract

Persistent pulmonary hypertension of the newborn (PPHN) is one of the
diseases of the neonate with severe potential morbidity and mortality. Inhaled
iloprost, a stable prostacyclin analog, has been suggested as an alternative
treatment for inhaled nitric oxide (iNO). However, more data on neonates'
dosing, setting, and effectiveness still needs to be solved. This study suggests
using inhaled iloprost as rescue therapy for PPHN based on our experience.
This was a retrospective study. The data from medical records of six newborns
diagnosed with PPHN and had received inhaled iloprost from December 2019
to April 2022 were collected. Demographic and clinical features, dosing
regimen, changes in oxygenation index, echocardiographic findings, and
mortality were evaluated. The inhalation dose was 2—4 mcg/dose, and 3—48
inhalations per day were applied over 2—7 days. Inhaled iloprost was effective
in all patients. No side effects were attributable to inhaled iloprost, and no
mortality was recorded. Our experience suggests that inhaled iloprost can be
used as a first-line therapy in newborn infants with PPHN when iNO is
unavailable. However, there are large fluctuations in the oxygenation index

due to the setting.
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The pathophysiological process of PPHN may involve
acute pulmonary vasoconstriction, pulmonary vascular

Persistent pulmonary hypertension of the newborn
(PPHN) results from a failure of the newborn's normal
circulatory transition, characterized by marked hypoxe-
mia secondary to right-to-left extrapulmonary shunting
of deoxygenated blood. Generally, it is a disease of the
term or near-term neonates. The incidence of PPHN
ranges from 0.4 to 6.8 per 1000 live births," with an
associated mortality of 4— 60%.>> Also, significant long-
term morbidities of up to 25% are reported.”

remodeling, pulmonary vascular hypoplasia, or pulmo-
nary intravascular obstruction.*®

Echocardiography is necessary to rule out
cyanotic congenital heart disease.” A specific pulmo-
nary artery pressure is defined for adult primary
pulmonary hypertension, not PPHN. Right-to-left
shunt without congenital heart disease is enough for
diagnosing PPHN, regardless of the pulmonary
arterial pressure.’
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PULMONARY CIRCULATION

Pulmonary Circulation

i Inhaled nitric oxide (iNO) is the only approved
S pulmonary vasodilator for treating PPHN. Never-
" a theless, it does not improve survival, and ~40% of
2 E neonates fail to respond.® It is still unclear whe-
= g ther iNO is safer and more effective than other
i %ﬂ vasodilators delivered by inhalation, such as inhaled
S é prostacyclin.® Therefore, investigation of the efficacy
o & + = %D and safety of other potential therapeutic agents,
g such as pulmonary vasodilators like prostanoids,
£ phosphodiesterase inhibitors like sildenafil and mil-
= rinone, and endothelin antagonists like bosentan is
g ongoing.” **
% Acquired neonatal diseases like meconium aspira-
Té ; tion syndrome, asphyxia, sepsis, transient tachypnea
5 2 of the newborn, and respiratory distress syndrome
n Z + | 8§ . . .
E may cause PPHN as well as congenital diseases like
% 4 diaphragmatic hernia, alveolar capillary dysplasia,
= surfactant protein defects and cardiac defects."’
= 3 Increased pulmonary vascular resistance is the
§ g % final result of the above.'* Prostacyclin, a naturally
3 E, = occurring prostaglandin, is a potent vasodilator
Q o . . . . . . .
& ol 5 ; with antithrombotic, antiproliferative, and anti-
| = T olEs inflammatory effects."””> The convenience for the
3 £ g 2 prostacyclin analogs to treat PPHN is evident.'®'’
2 é é% Iloprost is an analog of prostacyclin with more
g § 2 § é‘; excellent chemical it;ability, making it practical for
= g = = 5 treatment purposes.”® Prostacylin has been used and
% Z2 5 8 % studied over time for PPHN.'® Several reports have
bl i 4 E addressed inhaled iloprost treatment for pulmonary
=S L . -
gg = - g 2 hypertension in the newborn literature,"® > all of
. - M < i ; which emphasize the need for further research. So, to
%o contribute to the literature, six patients with PPHN
el
< 8 treated with inhaled iloprost because of lack of
g £5 accessibility to iNO are presented in detail in this
g g & article, and potential obstacles for iloprost inhalation
3 g use are discussed.
[ J=R}
& Z 5
a T + & ° g
L2
© = MATERIALS AND METHODS
2 2
gz
S g, We retrospectively analyzed the records of 6 patients
- gz with PPHN treated with inhaled iloprost at neonatal
) = & intensive care at the University of Health Sciences,
% Eg v Prof. Dr. Cemil Tascioglu City Hospital, between
g % E 3 December 2019 and April 2022. Demographic and
S - & + 3 i § E clinical features of neonates with persistent pulmo-
§ g ?én = nary hypertension are presented (Table 1). The
g ) g S Z eligibility criteria for inhaled iloprost treatment in
S g8 % P persistent pulmonary hypertension on clinical basis of
~ 18 7 MEER: our unit are shown (Source file 1). Inhaled iloprost
ﬁ ‘g‘ s E § E % 2z (20 ug/2 mL, Ventavis, Bayer, Leverkusen, Germany)
ﬁ g 8 3 z EE ; was administered at a dose of 2—4 mcg (microgram)
on
= AC @ T|Z2EF every 1/2—8h according to the protocol used for
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FIGURE 1 Oxygenation index of patient 1.
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FIGURE 2 Oxygenation index of patient 2.

inhaled iloprost treatment in the absence of nitric
oxide for newborns with persistent pulmonary hyper-
tension (Supporting Information: Source file 2) by
integrating a nebulizer into the ventilator circuit close
to humidifier (Supporting Information: Video 1). Note
that the eligibility criteria and the protocol are
performed on a clinical basis in our unit, not part of
a prospective research study.

Echocardiography demonstrated a right-to-left
shunt or a bidirectional shunt and no structural
anomaly in all patients. Immediate echocardiographic
confirmation of a drop in pulmonary arterial pressure
after inhaled iloprost therapy was not available but

was performed during or at the end of the treatment
in 5 patients (Table 1). Pulmonary arterial pressure
was measured from the systolic measures from
tricuspid regurgitation.

Milrinone infusion was administered to the patient 3
to alleviate the afterload because of very high ventilatory
pressures, and sildenafil was to patient 5 after a rising
oxygenation index due to 4 mcg/dose of iloprost.

Inhaled iloprost was escalated to 4 mcg/dose for
patients 3 and 5 after the initial dose because of failure to
respond to 2 mcg/dose. The sequence of therapies that
might affect the oxygenation index during the treatment
is also revealed (Figures 1-6).
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FIGURE 3 Oxygenation index of patient 3.
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FIGURE 4 Oxygenation index of patient 4.

RESULTS

Inhaled iloprost decreased fiO, and improved oxygen
saturation in all patients (Table 1, Figures 1-6). The only
issue to consider about the therapy was the fluctuations in
the oxygenation index. (Figures 1-6). No side effects were
attributable to inhaled iloprost, and no mortality was
recorded.

DISCUSSION

iNO is the only approved therapy for PPHN.® In
Turkey, iNO is delivered by a private company.
Sometimes the devices are occupied, so alternative

treatments have to be considered now and then.
Inhaled iloprost is suggested as a sole or adjunctive
therapy in the literature. It is readily available and has
comparable clinical effects to iNO.?*"*> Due to ethical
issues, conducting randomized trials of inhaled
iloprost is challenging, so the clinical experience has
gained prominence.

In terms of dosage and timing, there are no specific
guidelines for the inhaled treatment of iloprost. It has
a biological half-life of 20—30 min in humans.*® For
the treatment of adult PAH, a dose of 2.5-7.5mcg,
6—9 times a day, with a maximum amount of 45 mcg
per day, was approved in 2004.>” The same doses are
used in children with success.>® For neonates,
different dosages are suggested in the literature;
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FIGURE 5 Oxygenation index of patient 5.
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FIGURE 6 Oxygenation index of patient 6.

0.2—2.5mcg/kg/dose every 1—6h in general.'”*> A
report of continuous inhalation has also been made.**
Delivering one dose of inhalation lasts approximately
5 min in our setting, and the clinical effect lasts 1-2h
at most at the beginning of treatment. Unfortunately,
this causes unstable oxygen saturation. To avoid this
instability, the caregiver has to react quickly to fiO,
and oxygen saturation and decide the dosing interval.
Although preferable, continuous inhalation was
impossible in this setting. Techniques needed to be
developed to give constant inhalation and increase the
dosage, like iNO, which could provide a more stable

oxygen saturation and hemodynamics. Another issue
to consider is the imprecision of the actual amount of
the drug delivered to the baby using an integrated
nebulizer to the ventilator circuit. A certain amount
may be lost in the setting. Also, all the patients
mentioned above have somewhat gone through acute
or chronic hypoxia and developed PPHN due to acute
pulmonary vasoconstriction or pulmonary vascular
remodeling mechanisms. It needs to be clarified if it
works for PPHN caused by other reasons."*°

As for the side effects, headache, cough, and
dizziness were reported in adults and children
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receiving inhaled iloprost. Also, intravenous iloprost
was reported to cause hypotension.***° For the
neonates, no side effects attributable to inhaled
iloprost were reported."” > A maximal dose of
192 mcg/day and a cumulative dose of 510 mcg/day
caused no side effects in our patients, which means
very high maximal doses compared to adults are
well tolerated in neonates. Two patients received
inotrope for hypotension but were already on inotro-
pic support before iloprost. Another two had ino-
tropes to raise the mean arterial pressure to pulmo-
nary arterial pressure, not because of iloprost-induced
hypotension. So, we concluded that the adverse
effects of inhaled iloprost are negligible in the
neonatal population.'®>>

Inhaled iloprost is a reliable alternative for infants with
persistent pulmonary hypertension when iNO is unavailable
and may be used as adjunctive therapy along with other
pulmonary vasodilators.”* > Compared to iNO, the pros of
inhaled iloprost are the lower cost and availability, and the
cons are swings in oxygenation (Figures 1-6). In conclusion,
our clinical experience supports that inhaled iloprost might
be an alternative drug treatment for PPHN and provides
safety and efficacy data that is insufficient for now in the
literature. Well-designed trials are warranted to remedy the
lack of evidence.
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SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.
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