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Abstract

Triple combination therapy is suggested in current pulmonary arterial hypertension guidelines in case of unsatisfactory treatment

with oral double combination therapy. However, there is a lack of evidence concerning some of the drug combinations currently

employed. We demonstrate the clinical and hemodynamical benefits of inhaled iloprost as third add-on therapy in idiopathic

pulmonary arterial hypertension.
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Pulmonary arterial hypertension (PAH) is a progressive and
life-threatening disease characterized by vascular prolifera-
tion and endothelial remodeling that leads to an increase in
pulmonary vascular resistance (PVR) and ultimately right
heart failure and death.1 Current pharmacological PAH
treatment includes drugs from three distinct biochemical
pathways: prostacyclin, endothelin, and nitric oxide.2

These drugs can be used in monotherapy or combination,
determined by the PAH etiology and the severity of the
disease.3 PAH guidelines suggest that treatment should be
escalated according to prognostic risk in an attempt of
improving symptoms and delaying the progression of the
disease.4

Given their pharmacological characteristics, including
shorter half-life and administration route, drugs from the
prostacyclin pathway are less often used for initial PAH
therapy.5 They are more commonly used as add-on therapy
if the patient fails to achieve expected therapeutic goals with
oral drugs from the other pathways.6 However, data evalu-
ating their efficacy as third add-on therapy are scarce.
A subgroup analysis from the GRIPHON trial evaluating
the addition of selexipag as a third agent in patients receiv-
ing double combination therapy at baseline identified an
incremental benefit to improve outcomes for patients with
PAH.7 In line with these findings, the use of upfront triple

combination therapy, including intravenous epoprostenol in
combination with an endothelin receptor antagonist (ERA)
and a phosphodiesterase 5 inhibitor (PDE5i), in a severe
uncontrolled group of PAH patients significantly improved
hemodynamics.8 Data accessing the use of other prosta-
noids are not as encouraging. The addition of oral trepros-
tinil to background ERA and PDE5i therapy did not result
in a statistically significant improvement in exercise capacity
in the FREEDOM C2 study.9

Inhaled iloprost is another drug acting on the prostacy-
clin pathway. It has less severe side effects than other pros-
tanoids10 and presents benefits if used as monotherapy11 or
as an add-on to bosentan12 in PAH patients. Nevertheless,
to the best of our knowledge, the effect of inhaled iloprost
as add-on sequential triple combination therapy is still
unknown.

This study aimed to investigate if add-on sequential triple
therapy with inhaled iloprost in patients with idiopathic
pulmonary arterial hypertension (IPAH) was effective in

Corresponding author:

Caio J.C.S. Fernandes, Pulmonary Circulation Unity, Cardiopulmonology

Department, Heart Institute, University of Sao Paulo Medical School, 44,

Dr. Eneas de Carvalho Aguiar Av, Sao Paulo, SP 05403-000, Brazil.

Email: cjcfernandes@yahoo.com.br

! The Author(s) 2021

Article reuse guidelines:

sagepub.com/journals-permissions

journals.sagepub.com/home/pul

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which per-

mits non-commercial use, reproduction and distribution of the work without further permission provided the original work is

attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0002-4912-021X
https://orcid.org/0000-0003-2789-9143
http://dx.doi.org/10.1177/2045894020981350
mailto:cjcfernandes@yahoo.com.br
http://uk.sagepub.com/en-gb/journals-permissions
journals.sagepub.com/home/pul


improving hemodynamics and decreasing patients’ risk

of death.
This was a single-center retrospective study. All IPAH

were evaluated between 2018 and 2020 and included in

the analysis if they fulfilled three criteria:

1. IPAH diagnosis following current international

guidelines.13

2. Use of double combination therapy (an ERA plus a
PDE5i) without achieving low-risk status in European

Society of Cardiology (ESC)/European Respiratory

Society (ERS) guidelines risk stratification, evaluated as

previously suggested.14

3. Availability of complete right heart catheterization data

before and after iloprost treatment.

Clinical assessment for establishing the New York Heart

Association functional class (FC), laboratory testing with

brain natriuretic peptide (BNP), and the thresholds used

to define risk stratification before and after at least 12

weeks of inhaled iloprost initiation were recorded. The

study was reviewed and approved by our Internal Review

Board (protocol 855475513.3.0000.0068).
The continuous variables were expressed as mean� SD

and the categorical variables as frequency and percentage.
Differences between baseline and week 12 were compared

with paired Student’s t-test. All statistical tests were consid-

ered to be significant with p-values< 0.05.
We identified eight eligible IPAH patients, who formed

the population of the study. Patients were predominantly

female (n¼ 7 (87.5%)) and with a mean age of 43.75�
10.62 years. About 12.5% of the patients were in FC II,

50% in FC III, and 37.5% in FC IV. Six patients were in

intermediate risk and two at high risk, according to the ESC

risk stratification. All patients were titrated to receive inhaled
iloprost 45 mcg daily, for at least 12 weeks, utilizing an
OMRONVR nebulizer NE-U22. This device delivered aerosol-
ized particles of 5 mm, at a rate of 0.25 ml/min. For inhala-
tion, iloprost was diluted with saline to a concentration of

5mg per milliliter, and 2 ml was added to the nebulizer. The
patient was oriented to nebulize for 6–8 min and discharge
the content of the nebulizer at the end of the inhalation.

The mean interval between the baseline and follow-up
evaluations was 19.4� 6 months. Inhaled iloprost add-on

to dual combination therapy was associated with a statisti-
cally significant improvement in PVR (16.7� 6.3 to 10.6�
3.7 Woods), cardiac output, evaluated by thermodilution
method (2.97� 0.53 to 5� 1.1L/min) (Fig. 1a), FC, and
ESC risk stratification (Fig. 1b). After the add-on therapy
with inhaled iloprost, half of the patients reached the low-risk
status. BNP levels were available for five patients and
decreased after iloprost introduction (125� 107 to 65� 43.4
pg/ml), but it did not reach statistical significance (p¼ 0.153).

To our knowledge, the present study represents the first
systematic evaluation of the benefit of sequential triple therapy
with inhaled iloprost in IPAH patients. Our findings show
significant improvements in hemodynamics and risk stratifica-
tion after inhaled iloprost use as third add-on therapy.

Previous reports focusing on sequential add-on triple
combination therapy were scarce. A post hoc analysis of
the GRIPHON study showed incremental benefit with the
addition of selexipag to patients receiving double combina-
tion therapy. At the end of the study, there was a reduction
in the number of PAH-related hospitalizations and disease

progression events, but with no effect on mortality.7 On the
other hand, sequential triple therapy with inhaled iloprost
had not been evaluated up to now. Aerosolized Iloprost
Randomized (AIR) Study11 and Safety and Pilot Efficacy

Fig. 1. Effects of add-on sequential therapy with inhaled iloprost to a PDE5i and ERA, for at least 12 weeks. (a) Hemodynamic and BNP data.
(b) Functional class and improvement in ESC/ERS risk stratification data.
RAP: right atrial pressure; PAP: pulmonary arterial pressure; Pwedge: Wedge pressure; PVR: pulmonary vascular resistance; BNP: brain
natriuretic peptide.
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Trial in combination with bosentan for Evaluation in
Pulmonary Arterial Hypertension (STEP)12 studies were
demonstrated its efficacy and safety for PAH treatment as
monotherapy or in combination with bosentan,
respectively.

The therapy with inhaled iloprost can be difficult for the
patient, due to dose frequency (at least six times/day) and
upper airway side effects symptoms. Despite that, in our
cohort, there was no treatment failure. Our sample is com-
parable, in terms of disease severity, with the largest inter-
national records, such as the Comparative, Prospective
Registry of Newly Initiated Therapies for Pulmonary
Hypertension,14 and the Swedish Pulmonary Arterial
Hypertension Registry,15 with the majority of PAH patients
in the intermediate-risk stratum of severity. Both registries
demonstrated that overall survival in PAH patients in the
intermediate or the high-risk severity status is unacceptable,
and the low-risk status should be pursued. The most
evident course of action in this setting is adding a third
drug if the PAH patient is already receiving double oral com-
bination therapy and did not reach low-risk status. As such,
our data demonstrated that the low-risk status can be
achieved in a relevant proportion of patients when iloprost
is added as the third drug in sequential combination therapy.

Our study has several limitations that need to be acknowl-
edged. The retrospective study nature, the single-center, and
the small sample size are the main ones. However, systematic
analysis of hemodynamic data and risk stratification based
on the most recent ESC/ERS criteria,6 before and after
inhaled iloprost provide useful data, despite the study limi-
tations. Our case series is also similar in FC and hemody-
namic parameters to the IPAH population previously
described in our registry.16 Therefore, we believe that our
case series is representative of an overall IPAH population
that may require triple combination therapy.

In conclusion, sequential triple therapy with inhaled ilo-
prost was efficient to improve hemodynamic parameters
and risk stratification in a case series of IPAH patients.
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