[

Evidence-Based Medicine

]

Pharmacologic Therapy for Pulmonary Arterial
Hypertension in Adults
CHEST Guideline and Expert Panel Report
Darren B. Taichman, MD, PhD, FCCP; Joe Ornelas, MS; Lorinda Chung, MD; James R. Klinger, MD, FCCP;
Sandra Lewis, PhD; Jess Mandel, MD; Harold I. Palevsky, MD, FCCP; Stuart Rich, MD, FCCP; Namita Sood, MD, FCCP;
Erika B. Rosenzweig, MD; Terence K. Trow, MD, FCCP; Rex Yung, MD, FCCP; C. Gregory Elliott, MD, FCCP;
and David B. Badesch, MD, FCCP

OBJECTIVE: Choices of pharmacologic therapies for pulmonary arterial hypertension (PAH)
are ideally guided by high-level evidence. The objective of this guideline is to provide clinicians
advice regarding pharmacologic therapy for adult patients with PAH as informed by available
evidence.
METHODS: This guideline was based on systematic reviews of English language evidence published between 1990 and November 2013, identified using the MEDLINE and Cochrane
Library databases. The strength of available evidence was graded using the Grades of Recommendations, Assessment, Development, and Evaluation methodology. Guideline recommendations, or consensus statements when available evidence was insufficient to support
recommendations, were developed using a modified Delphi technique to achieve consensus.
RESULTS: Available evidence is limited in its ability to support high-level recommendations.
Therefore, we drafted consensus statements to address many clinical questions regarding pharmacotherapy for patients with PAH. A total of 79 recommendations or consensus statements
were adopted and graded.

Clinical decisions regarding pharmacotherapy for PAH should be guided by
high-level recommendations when sufficient evidence is available. Absent higher level evidence,
consensus statements based upon available information must be used. Further studies are needed
to address the gaps in available knowledge regarding optimal pharmacotherapy for PAH.

CONCLUSIONS:
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6MWD 5 6-min walk distance; AHRQ 5 Agency for Healthcare Research and Quality;
ARIES 5 Ambrisentan in Pulmonary Arterial Hypertension, Randomized Double-Blind, PlaceboControlled, Multicenter, Efficacy Study; BNP 5 brain natriuretic peptide; CB 5 consensus-based;
CCB 5 calcium channel blocker; CO 5 cardiac output; COI 5 conflict of interest; CTEPH 5 chronic
thromboembolic pulmonary hypertension; EPC 5 Evidence-Based Practice Center; ETRA 5 endothelin
receptor antagonist; FC 5 functional class; FDA 5 US Food and Drug Administration; GOC 5 Guidelines Oversight Committee; GRADE 5 Grades of Recommendations, Assessment, Development, and
Evaluation; HR 5 hazard ratio; IOM 5 Institute of Medicine; IPAH 5 idiopathic pulmonary arterial
hypertension; mPAP 5 mean pulmonary artery pressure; PAH 5 pulmonary arterial hypertension;
PDE5 5 phosphodiesterase-5; PH 5 pulmonary hypertension; PVR 5 pulmonary vascular resistance;
RCT 5 randomized controlled trial; WHO 5 World Health Organization
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Summary of Recommendations

Symptomatic Patients With PAH

Pharmacologic Therapy for Pulmonary
Arterial Hypertension in Adults

Vasoreactivity Testing and Use of Calcium
Channel Blockers

1. We suggest that the severity of a pulmonary arterial
hypertension (PAH) patient’s disease be evaluated
in a systematic and consistent manner, using a
combination of World Health Organization (WHO)
functional class (FC), exercise capacity, echocardiographic, laboratory and hemodynamic variables in order to inform therapeutic decisions
(Grade CB).

7. We suggest that patients with PAH, in the absence
of contraindications, should undergo acute

2. We suggest that, whenever possible, all PAH
patients be evaluated promptly at a center with
expertise in the diagnosis of PAH, ideally prior to the
initiation of therapy (Grade CB).
3. We suggest collaborative and closely coordinated
care of PAH patients involving the expertise of both
local physicians and those with expertise in PAH care
(Grade CB).
Remark: Appropriate care may require the coordinated
efforts of cardiologists, pulmonologists, rheumatologists,
primary care, or other specialties.
Treatment Naive PAH Patients Without Symptoms
(WHO FC I) and Patients at Increased Risk for
the Development of PAH

4. For treatment naive PAH patients with WHO
FC I symptoms, we suggest continued monitoring for
the development of symptoms that would signal
disease progression and warrant the initiation of
pharmacotherapy (Grade CB).
5. We suggest that patients at risk for the development
of PAH (eg, patients with systemic sclerosis or the
presence of a known mutation placing the patient at
risk for PAH) be monitored for the development of
symptoms of PAH (Grade CB).

FOR EDITORIAL COMMENT SEE PAGE 239
SEE RELATED ARTICLE PAGE 476

vasoreactivity testing using a short-acting agent at a
center with experience in the performance and
interpretation of vasoreactivity testing (Grade CB).
Remark: Contraindications to acute vasoreactivity testing
include a low systemic blood pressure, low cardiac output
or the presence of FC IV symptoms. Acute vasoreactivity testing may be complicated by hypotension, and the
misinterpretation of results may result in the inappropriate exposure of patients to the risks of a treatment
trial with calcium channel blockers (CCBs) without the
possibility of clinical benefit. Vasoreactivity testing
should be performed by individuals with appropriate
training in test performance and interpretation.
8. We suggest that patients with PAH who, in the
absence of right-heart failure or contraindications to
CCB therapy, demonstrate acute vasoreactivity
according to consensus definition, should be considered candidates for a trial of therapy with an oral
CCB blocker (Grade CB).
9. We suggest that CCBs should not be used empirically to treat PAH in the absence of demonstrated
acute vasoreactivity (Grade CB).

PAH-Specific Pharmacotherapies
Patients With WHO FC II Symptoms:

6. We suggest also that contributing causes of PH
(eg, sleep apnea and systemic hypertension) in
patients with PAH be treated aggressively
(Grade CB).

For treatment naive PAH patients with WHO FC II
symptoms who are not candidates for, or who have
failed CCB therapy, we advise monotherapy be initiated with a currently approved endothelin receptor
antagonist (ETRA), phosphodiesterase-5 (PDE5)
inhibitor, or the soluble guanylate cyclase stimulator
riociguat. More specifically in these patients:
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10. We recommend ambrisentan to improve 6-min
walk distance (6MWD) (Grade 1C).
11-12. We suggest bosentan to delay time to clinical
worsening (Grade CB) and improve cardiopulmonary
hemodynamics.
13. We suggest macitentan to delay the time to clinical
worsening (Grade CB).
14. We recommend sildenafil to improve 6MWD
(Grade 1C).
15. We suggest tadalafil to improve 6MWD (Grade CB).
16-19. We suggest riociguat to improve 6MWD
(Grade CB), improve WHO FC (Grade CB), delay the
time to clinical worsening (Grade CB) and improve
cardiopulmonary hemodynamics.
20. We suggest also that parenteral or inhaled prostanoids not be chosen as initial therapy for treatment
naive PAH patients with WHO FC II symptoms or as
second line agents for PAH patients with WHO FC II
symptoms who have not met their treatment goals
(Grade CB).
Patients With WHO FC III Symptoms:
For treatment-naive PAH patients with WHO FC III
symptoms who are not candidates for, or who have
failed CCB therapy, we advise monotherapy be
initiated with a currently approved ETRA, a PDE5
inhibitor, or the soluble guanylate cyclase stimulator
riociguat. More specifically in these patients:
21. We recommend the use of bosentan to improve
6MWD (Grade 1B).
22-23. We suggest the use of bosentan to decrease
hospitalizations related to PAH in the short-term
(Grade 2C), and to improve cardiopulmonary
hemodynamics.
24. We recommend the use of ambrisentan to improve
6MWD (Grade 1C).
25-26. We suggest macitentan to improve WHO FC
(Grade CB) and delay the time to clinical worsening
(Grade CB).
27-29. We recommend the use of sildenafil to improve
6MWD (Grade 1C) and to improve WHO FC (Grade
CB). We suggest the use of sildenafil to improve
cardiopulmonary hemodynamics.
30-33. We suggest the use of tadalafil to improve
6MWD (Grade CB), to improve WHO FC (Grade CB),
to delay time to clinical worsening (Grade CB) and to
improve cardiopulmonary hemodynamics.

34-37. We suggest riociguat to improve 6MWD
(Grade CB), improve WHO FC (Grade CB), delay the
time to clinical worsening (Grade CB) and improve
cardiopulmonary hemodynamics.
For treatment naive PAH patients with WHO FC III
symptoms who have evidence of rapid progression of
their disease, or other markers of a poor clinical prognosis, we advise consideration of initial treatment with a
parenteral prostanoid. More specifically in these patients:
38-40. We suggest continuous IV epoprostenol to
improve FC (Grade CB), improve 6MWD (Grade CB),
and improve cardiopulmonary hemodynamics.
41. We suggest continuous IV treprostinil to improve
6MWD (Grade CB).
42-43. We suggest continuous subcutaneous treprostinil to improve 6MWD (Grade CB) and improve
cardiopulmonary hemodynamics.
For PAH patients in WHO FC III who have evidence
of progression of their disease, and/or markers of
poor clinical prognosis despite treatment with one or
two classes of oral agents, we advise consideration of
the addition of a parenteral or inhaled prostanoid.
More specifically in these patients:
44-46. We suggest IV epoprostenol to improve WHO
FC (Grade CB), improve 6MWD (Grade CB), and
improve cardiopulmonary hemodynamics.
47-48. We suggest IV treprostinil to improve 6MWD
(Grade CB) and improve cardiopulmonary
hemodynamics.
49. In patients with PAH who remain symptomatic on
stable and appropriate doses of an endothelin receptor
antagonist (ETRA) or a PDE5 inhibitor, we suggest
the addition of inhaled treprostinil to improve 6MWD
(Grade 2C).
Remark: The usual initial dose of inhaled treprostinil is
3 inhalations (18 mg) every 6 h. However, optimal effect
of inhaled treprostinil may require titrating treprostinil
doses up to 9 inhalations (54 mg) every 6 h.
50-51. In patients with PAH who remain symptomatic
on stable and appropriate doses of an ETRA or a PDE5
inhibitor, we suggest the addition of inhaled iloprost
to improve WHO FC (Grade CB) and delay the time
to clinical worsening (Grade CB).
Patients With WHO FC IV Symptoms:
For treatment naive PAH patients in WHO FC IV,
we advise initiation of monotherapy with a parenteral
prostanoid agent. More specifically in these patients:
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52-54. We suggest continuous IV epoprostenol to
improve WHO FC (Grade CB), improve 6MWD
(Grade CB), and improve cardiopulmonary
hemodynamics.

suggest the addition of sildenafil or up titration of
epoprostenol to improve 6MWD (Grade CB).

56-57. We suggest continuous subcutaneous treprostinil to improve 6MWD (Grade CB) and improve
cardiopulmonary hemodynamics.

67-70. In patients with PAH who remain symptomatic on stable doses of bosentan, ambrisentan or an
inhaled prostanoid, we suggest the addition of the
soluble guanylate cyclase stimulator riociguat to
improve 6MWD (Grade CB), WHO FC (Grade CB)
and cardiopulmonary hemodynamics and to delay
the time to clinical worsening (Grade CB).

For treatment naive PAH patients in WHO FC IV who
are unable or do not desire to manage parenteral
prostanoid therapy, we advise treatment with an
inhaled prostanoid in combination with an ETRA.
More specifically in these patients:

71-73. In patients with PAH who remain symptomatic
on stable doses of a PDE5 inhibitor or an inhaled
prostanoid we suggest macitentan to improve 6MWD
(Grade CB), WHO FC (Grade CB) and to delay the
time to clinical worsening (Grade CB).

58-59. We suggest bosentan to improve 6MWD
(Grade 2B) and cardiopulmonary hemodynamics.

74. For WHO FC III or IV PAH patients with unacceptable or deteriorating clinical status despite
established PAH-specific therapy with two classes of
PAH pharmacotherapy, we suggest addition of a third
class of PAH therapy (Grade CB).

55. We suggest continuous IV treprostinil to improve
6MWD (Grade CB).

60-61. We suggest inhaled iloprost to improve
6MWD (Grade CB), and improve WHO FC
(Grade CB).
62. We suggest inhaled treprostinil (in combination
only) to improve 6MWD (Grade CB).
PAH Patients on Established PAH-Specific Therapy:
63. In PAH patients initiating therapy with IV
epoprostenol, we suggest against the routine
simultaneous initiation of bosentan (Grade CB).
For WHO FC III or IV PAH patients with unacceptable clinical status despite established PAH-specific
monotherapy, we advise addition of a second class of
PAH therapy to improve exercise capacity. Such
patients are ideally evaluated at centers with expertise
in the evaluation and treatment of complex patients
with PAH. More specifically:
64. In patients with PAH who remain symptomatic on
stable doses of an ETRA or a PDE5 inhibitor, we
suggest the addition of inhaled iloprost to improve
6MWD (Grade CB).
65. In patients with PAH who remain symptomatic on
stable doses of an ETRA or a PDE5 inhibitor, we
recommend the addition of inhaled treprostinil to
improve 6MWD (Grade 1C).
Remark: The usual initial dose of inhaled treprostinil is
3 inhalations (18 mg) every 6 h. However, optimal effect
of inhaled treprostinil may require titrating treprostinil
doses up to 9 inhalations (54 mg) every 6 h.
66. In PAH patients who remain symptomatic on
stable doses of established IV epoprostenol, we
452 Evidence-Based Medicine

Remark: Such patients are ideally evaluated at centers
with expertise in the evaluation and treatment of
complex patients with PAH.

Specific Patient Situations
Pregnancy

75. In patients with PAH, we suggest that pregnancy
be avoided (Grade CB).
Remark: Estrogen-containing contraceptives may
increase the risk of VTE and are not recommended for
women with childbearing potential who have PAH.
Additionally, the ETRA bosentan may decrease the efficacy
of hormonal contraception. Bosentan, ambrisentan,
macitentan and riociguat are contraindicated in
pregnancy (category X; evidence of serious fetal
abnormalities) and dual mechanical barrier contraceptive techniques are recommended in female patients of
childbearing age taking these medications.
76. When pregnancy does occur, we suggest care at a
pulmonary hypertension center, using a multidisciplinary approach including the pulmonary hypertension, the high-risk obstetrical and cardiovascular
anesthesiology services (Grade CB).
Altitude and Air Travel

77. In patients with PAH, we suggest that exposure to
high altitude be avoided, and that supplemental
oxygen be used as needed during altitude exposure or
air travel to maintain oxygen saturations greater than
91% (Grade CB).
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Remark: Patients with borderline oxygen saturations at
sea level may require 3-4 L per minute of supplemental
oxygen under these conditions, and those already using
supplemental oxygen at sea level should increase their
oxygen flow rate on commercial aircraft.
Vaccinations

78. In patients with PAH, we suggest maintaining
current immunization against influenza and pneumococcal pneumonia (Grade CB).
Surgery

79. In patients with PAH, we suggest avoiding nonessential surgery, and when surgery is necessary we
suggest care at a pulmonary hypertension center, using
a multidisciplinary approach including the pulmonary hypertension team, the surgical service, and
cardiovascular anesthesiology with careful monitoring and management of clinical status, oxygenation
and hemodynamics postoperatively (Grade CB).

Introduction
Pulmonary arterial hypertension (PAH) remains a
highly morbid disease with high mortality. Despite a
recent growth in therapeutic options, clinicians and
their patients continue to struggle with questions
regarding pharmacologic treatments. This document
aims to provide practical guidance to clinicians faced
with common questions regarding the use of available
pharmacotherapies for the treatment of patients with
PAH. We sought to apply a rigorous process to the
collection and assessment of evidence and to make
guideline recommendations informed and supported by
that evidence. Unfortunately, rigorous data needed to
address important questions faced by clinicians when
treating patients with PAH are often absent or insufficient. We therefore present a hybrid document. When
sufficiently strong evidence from randomized clinical
trials addressing a clinically important question is
available, we have based our guideline recommendation
statements upon them. When evidence is absent or
insufficient to provide evidence-based guideline
recommendation statements, we provide our best
expert advice as consensus statements with the goal
of helping clinicians navigate important therapeutic
questions.
We emphasize that accurate and timely diagnosis must
precede therapy for PAH. Pulmonary hypertension (PH)
is categorized according to five groups. In addition to
PAH (group 1), PH may be due to left-sided heart

disease (group 2), lung diseases and/or hypoxia
(group 3), chronic thromboembolic pulmonary hypertension (CTEPH, group 4), or unclear multifactorial
mechanisms (group 5).1 It is a critical responsibility of
the clinician to ensure that an accurate diagnosis is
established, and readers are referred to previously
published guidelines by the American College of Chest
Physicians (CHEST) and other organizations on the
evaluation of PH and diagnosis of PAH.2-4 The recommendations in this guideline are for the treatment of
patients with PAH and should not be applied to the
treatment of patients with other types of PH. None of
the drugs currently approved for therapy for PAH are
approved for therapy for patients with PH due to
left-sided heart disease or chronic hypoxemic lung
disease. The limited evidence available regarding the use
of these drugs in patients with PH due to left-sided heart
disease or hypoxemic lung disease has not demonstrated
benefit overall and in some cases suggests the potential
for significant harm. Further, failure to correctly identify
or address the cause of PH may deny the patient
beneficial treatment (eg, for left-sided heart disease).
Although one drug approved for treatment of PAH has
been shown to be beneficial in patients with CTEPH not
amenable to surgical thromboendarterectomy, surgery
remains the optimal therapy for many patients with
CTEPH, and patients should be evaluated promptly for
consideration of thromboendarterectomy at a center
sufficiently experienced with this procedure.5
Standards for the development of clinical guidelines
have evolved, and the approach to the grading of
evidence has become more rigorous since the last
CHEST guideline on PAH.2,6 As a result, readers may
note lower grades assigned to recommendations in this
guideline update as compared with the grading of
statements recommending similar actions in prior
CHEST guidelines on PAH or related recommendations
of other organizations. This may seem paradoxical at
first, as the evidence upon which the recommendations
are based remains, in many cases, largely the same. The
change in grading reflects the more rigorous standard
now being applied by CHEST to the evaluation of
evidence. Further, some equivalent and parallel trials of
individual drugs have been conducted and reported
independently, whereas others were reported as single
larger investigations. We recognize that this may
influence assessments of the overall strengths of
evidence available, but we judged it best to adhere to a
consistent approach based upon how studies were
accepted by the US Food and Drug Administration
(FDA) and reported.
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Although patients meeting diagnostic criteria for PAH
share many clinical characteristics, we emphasize that a
wide variety of underlying diseases and risk factors may
lead to PAH, likely with differing etiologic mechanisms.
Similarly, all patients classified as having idiopathic PAH
by the exclusion of known risk factors for PAH may not
suffer from the same pathobiologic processes. Clinical
trials of PAH-specific therapies have generally enrolled
patients under the broad definition of PAH, although
with an overall predominance of patients with either
idiopathic PAH or PAH associated with systemic
sclerosis. It is important to recognize the limitations in
knowledge regarding the efficacy of available agents in
all forms of PAH. Further, with the exception of calcium
channel blockers (CCBs), we lack effective means of
predicting which patients with PAH may benefit from
individual agents.
This guideline addresses only drugs that were approved
by the US FDA for the management of PAH symptoms
at the time that the guideline was developed (with the
exception of CCBs, which we include because of their
continued importance as PAH-specific therapy for a
small but important subgroup of patients with PAH).
Further, as the US FDA has approved drugs for PAH
therapy in part according to a patient’s World Health
Organization (WHO) functional classification, and
because we believe it will best assist clinicians to use
this guideline, we have organized our recommendations
around such a classification. We recognize the limitations of the WHO functional classification7 and that
other variables must be considered simultaneously (such
as exercise capacity, right ventricular function, hemodynamics, economic and other social factors, quality of
life, and, most importantly, patient preferences). We
recognize also the limitations of the hemodynamic,
exercise capacity (6-min walk distance [6MWD]),8 and
clinical worsening end points we present in this guideline for clinicians to consider when choosing pharmacologic therapy. Our knowledge of the relative importance
of these end points and how changes in each or groups
of end points impact patients’ lives is limited.9
Although we stress the importance of the involvement
of clinicians with expertise in the evaluation and
treatment of PH in the management of patients with
PAH, the target audience for this guideline is the whole
community of clinicians involved in the collaborative
care of adult patients with PAH (including cardiologists,
nurses, nurse practitioners, primary care internists and
family physicians, pulmonologists, and rheumatologists). We do not address therapy for children, and
454 Evidence-Based Medicine

readers are referred to the guidelines of other professional societies.10
“Supportive” pharmacologic therapies (eg, diuretics,
supplemental oxygen, and so forth) are important in the
management of patients with PAH in addition to the
“PAH-specific” drugs addressed in this document. We
have not performed an updated literature review
regarding such supportive care and refer readers to prior
CHEST guideline statements regarding this important
aspect of PAH care. We remind clinicians of the importance of carefully reviewing prescribing information and
consulting reliable resources to check for drug-drug
interactions.
No approved therapy for PAH has been shown to
prevent progression of the underlying pulmonary
vascular disease. PAH remains an incurable disease;
currently, clinicians attempt to manage it with pharmacotherapy. Although we believe the outlook for a patient
with newly diagnosed PAH has improved, it remains far
from adequate or acceptable.
We hope that many of the gaps in the evidence base
reflected in this document will be filled before the next
update to this guideline. We call upon the community
of academic and industry-based researchers in this
field to choose carefully those studies that will answer
the most important clinical questions so as to best use
the limited but generous efforts of our patients, who
risk their well-being as volunteer participants in
clinical studies.

Methods
The goal of this CHEST guideline project was to
produce clinically relevant and useful recommendations
on medical therapies for PAH for clinicians who treat
adult patients with PAH. Health-care providers should
use these guidelines to assist patients with treatment
choices that optimize benefits and minimize harms and
burdens.
In 2011, the Institute of Medicine (IOM) released new
guideline standards6 that required significantly more
scientific rigor and high-quality evidence to be considered trustworthy. CHEST is committed to upholding the
IOM standards in guideline development. However,
CHEST realizes clinicians may need to communicate
important messages that do not have the necessary
associated evidence to be called a “guideline” by the new
IOM standards.
In a number of areas related to therapy for PAH, we
found the available evidence to be insufficient to support

[

146#2 CHEST AUGUST 2014

Downloaded From: http://journal.publications.chestnet.org/pdfaccess.ashx?url=/data/journals/chest/930614/ on 06/29/2017

]

the more rigorous process necessary to uphold the IOM
standards for guidelines. To provide guidance to
clinicians in such areas lacking sufficient evidence,
the CHEST practice of developing trustworthy consensus statements was used. This hybrid methodology
accommodates “very low” or “insufficient” levels of
evidence and incorporates both guidelines and consensus statements in the same project. The following
document reflects this hybrid approach and follows
the standards of the organization to produce credible
guidance for physicians and other members of the
health-care team.
Composition and Selection of Topic Panel Members

For this CHEST guideline project, a nonconflicted chair
was appointed by the organization’s Guidelines Oversight Committee (GOC). The chair had the authority to
nominate (subject to GOC review and approval) other
panelists for specific roles, including participation on
the project executive committee and topic editors for
the various sections based on drug classes.
All panelists (consisting of the chair, executive committee members, and topic editors) were approved by
the CHEST GOC after review of their qualifications
and conflict of interest (COI) disclosures. For one of
the 12 approved panelists (who had relevant conflicts),
a COI management program was followed according to
the procedures of the GOC, including abstention from
voting on areas related to conflicts (e-Table 1). Throughout the guideline development process all panelists
were required to report any new activities that might
involve potential COIs for review and approval by
the GOC.
Identifying and Reviewing the Evidence

Key Questions and Systematic Search: We used the
Agency for Healthcare Research and Quality (AHRQ)
Comparative Effectiveness Report titled “Pulmonary
Arterial Hypertension: Screening, Management, and
Treatment,”11 and chose to focus the development of a
guideline document exclusively on one of the three key
questions (key question 3) in the report: “For patients
with PAH, what are the comparative effectiveness and
safety of monotherapy or combination therapy for PAH
using calcium channel blockers, prostanoids, endothelin antagonists, or phosphodiesterase inhibitors on
intermediate-term and long-term patient outcomes?” As
standard practice for the AHRQ, this key question was
posted for public comment for 30 days, and later the
draft report also was open for public remarks.

For key question 3, the systematic review of the
literature was performed by the Duke University
Evidence-Based Practice Center (EPC) for AHRQ.
Search strategies were developed by the EPC using the
National Library of Medicine’s medical subject headings keyword nomenclature developed for MEDLINE
and adapted for other databases. The EPC searched
MEDLINE via PubMed, EMBASE, and the Cochrane
Library from 1990 to April 2013, and limited to English
language papers and randomized controlled trials
(RCTs). Manual searches also supplemented the
electronic searches.
Following completion of the EPC-conducted literature
review, the endothelin receptor antagonist (ETRA)
macitentan and the soluble guanylate cyclase stimulator
riociguat were approved by the US FDA for the treatment of PAH, and so the panel completed literature
searches to identify RCTs of their use. A key question
was formulated in a similar format: “For patients with
PAH, what are the comparative effectiveness and safety
for PAH using macitentan or riociguat on intermediateterm and long-term patient outcomes?” Search strategies
also included medical subject headings keyword
nomenclature to search MEDLINE via PubMed and the
Cochrane library from 2003 to October 2013, and
limited to English language papers and RCTs. Manual
searches also supplemented the electronic searches. All
gathered references were imported into an electronic
database (EndNote 36; Thomson Reuters) in an
electronic folder specific to pharmacotherapy type.
Study Selection: PICOTS (Population, Intervention,
Comparator, Outcome, Timing, and Setting) criteria
(Table 1) were used by the EPC to select articles for
inclusion at both the title and abstract and full-text
screening stages. Titles and abstracts were examined
independently by two reviewers from the EPC for
potential relevance. Articles included by the reviewers
underwent full-text screening, in which paired
researchers from the EPC independently reviewed
articles and indicated which ones to include for data
extraction. Any disagreements were reconciled through
a third party arbitrator at the EPC. All screening
decisions were made and tracked in the DistillerSR
database (Evidence Partners).
In the literature search performed by the EPC, there
were 8,256 citations gathered (3,919 MEDLINE,
36 Cochrane, 4,301 EMBASE). After 1,626 duplicate
articles were removed and 46 articles were added
manually, a total of 6,676 citations were identified. The
screening of abstracts excluded 5,352 articles, and the
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TABLE 1

] Inclusion Criteria

Criteria
Population
Patients with pulmonary arterial hypertension
Intervention
Calcium channel blockers (amlodipine, diltiazem, nifedipine)
Prostanoids (epoprostenol, treprostinil, iloprost)
Endothelin antagonists (bosentan, ambrisentan, macitentan)
Phosphodiesterase inhibitors (sildenafil, tadalafil)
Soluble guanylate cyclase stimulator (riociguat)
Comparators
One pharmacotherapy vs another pharmacotherapy
Monotherapy vs combination therapy
Outcomes
Effectiveness of pharmacotherapies
Intermediate-term outcomes, such as hemodynamic parameters, dyspnea, and 6-min walk
Long-term outcomes, such as functional class, quality of life, right-sided heart failure or right ventricular
dysfunction, and mortality
Adverse effects of pharmacotherapies
Timing
Intermediate term (, 120 d) and long term (. 120 d)
Setting
Inpatient and outpatient
Specialty and primary care
Study design
Randomized controlled trial
All sample sizes
Publications
English-language only
Peer-reviewed articles
Adapted from McCrory et al.11

inclusion criteria excluded 1,127 additional articles.
The remaining 197 articles representing 186 unique
studies passed full-text screening. Of these, 46 articles
(37 studies) were relating to monotherapy or combination
therapy for PAH using prostanoids, endothelin antagonists, or phosphodiesterase inhibitors. The search for
RCTs of the use of CCBs for the therapy for PAH found
no studies. As noted above, because CCBs continue to be
used and play an important role in the therapy for a small
subset of patients with PAH, the guideline panel chose to
develop consensus statements on the basis of available
nonrandomized studies in this one class of drugs to
provide clinically helpful advice for their use.
For the review performed for macitentan and riociguat,
there were four citations gathered for macitentan and
four citations gathered for riociguat. After the same
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PICOTS criteria (Table 1) was used by the panel to
select articles for inclusion at both the title and
abstract and full-text screening stages, one study
remained for macitentan and one study remained for
riociguat.
Summarizing Evidence and Drafting
Recommendations

Data Extraction and Quality Assessment: Based on the
included studies, the panel constructed data tables that
summarized key data elements of each included article.
Data elements in the tables included sample size and
description, setting description, intervention name and
dose, outcome name and values, and associated significance levels.
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The critical appraisal quality score of each individual study
was determined from the EPC based on the Cochrane Risk
of Bias tool.12 Two raters from the EPC independently
evaluated each study, and differences were resolved by
consensus. Summary ratings of good, fair, or poor were
assigned to each individual study by the EPC based on the
tool. For the two articles included from the panel review
of macitentan and riociguat, the panel used the same
Cochrane Risk of Bias tool to assess study quality. The
panel placed the quality scores for each included article as
another data element in the constructed data tables.

intervention and outcome. All performed meta-analyses
are available in e-Figure 1, and profiled evidence is
available in e-Table 2. The study data that these pooled
estimates were based upon are available in e-Table 3.

Evaluating Quality of Bodies of Evidence: The rating
of the quality of the entire body of evidence for each
intervention and outcome comparison was assessed by
the panel methodologist. Grades of Recommendations,
Assessment, Development, and Evaluation (GRADE)
methodology was used for summarizing and grading
the pooled evidence. Ratings of the pooled evidence
started as high quality and were downgraded based on
the domains of risk of bias, precision, consistency,
directness, and publication bias.13

Drafting of Recommendations: Recommendations
were drafted by the panelists assigned to each topic by
the project chair, informed from the evidence gathered
and aimed to be clinically relevant. Clinically relevant
recommendations could not always be directly informed
from the data as presented in the studies included in
the evidence review. For example, the panel recognized
that although changes in individual cardiopulmonary
hemodynamic parameters (eg, cardiac output [CO] or
pulmonary vascular resistance [PVR]) have been
reported in studies included in the evidence review,
therapeutic choices would not likely be made on the
basis of single hemodynamic parameters. Rather, the
panel believed patterns of improvement among multiple
cardiopulmonary hemodynamic variables would more
likely inform sound clinical recommendations. Because
the associated evidence reported outcomes only for
specific variables individually (eg, for PVR, mean
pulmonary artery pressure [mPAP], CO, cardiac index,
right atrial pressure) and not overall patterns of
hemodynamic improvement, the panel chose not to
grade recommendation statements involving cardiopulmonary hemodynamics but rather simply alert
clinicians to when improvements in individual
parameters have been found. Similarly, as noted above,
despite its limitations, assessments of a patient’s WHO
FC are frequent starting points in deciding upon
therapy and a basis upon which drugs are approved by
the FDA. Accordingly, recommendations were
organized according to WHO FC. Because available
evidence frequently, however, did not report results
specifically according to WHO FC, recommendations
organized in this manner were downgraded for
indirectness according to the GRADE methodology.

A letter grade (A, B, C or Insufficient) was assigned by
the panel to each pooled estimate based on the CHEST
grading system14 (e-Appendix 1) as indicated by the
evidence level of the body of literature supporting each
intervention and outcome comparison. To be considered
at least C-level evidence, two or more studies addressing
a particular intervention and outcome were needed.15
However, pooled estimates were downgraded from
higher evidence levels into an “Insufficient” level of
evidence if indicated by domains set forth by a GRADE
methodologic approach. A meta-analysis was performed
only when two or more studies addressed a particular

Where the evidence level was determined “A,” “B,” or
“C,” an evidence-based guideline was pursued. Where
the evidence level was determined “Insufficient,” a
consensus statement was pursued. In these instances,
“CB” (consensus-based) was considered the grade. All
areas considering CCBs as a therapy were graded as
CB because of insufficient evidence. Separately, a
number grade (1 or 2) was assigned by the panel to each
drafted recommendation based on the CHEST grading
system14 (e-Appendix 1). The number grade is a reflection of the topic editors’ consensus on the balance of
benefits and harms of treatment, based on their expert

Meta-analyses and Pooling of Outcomes: The data
extracted by the panel in the evidence tables from the
included studies were pooled according to comparable
interventions and outcomes. The panel included only
those studies that addressed the use of therapies
currently approved by the US FDA.
A meta-analysis using random effects was performed by
the panel methodologist to quantitatively synthesize
available outcome data by intervention. The relative
effects for pooled studies were estimated using an OR
for discrete outcomes and mean difference for continuous outcomes. Also, statistical heterogeneity was
assessed with an I2 statistic. Meta-analyses were performed and forest plots were constructed using Review
Manager, version 5.1 (The Nordic Cochrane Centre, The
Cochrane Collaboration).
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clinical knowledge, experience, and interpretation of the
evidence in the gathered literature. Consensus in this
instance was determined through open discussion and
debate between the two authoring topic editors for each
section.
Topic editors drafted initial recommendations, which
were combined with the corresponding grade and
presented to the entire panel via webinar. Following
subsequent group discussions and wording refinements,
the entire panel met in Philadelphia in May 2013 to discuss
organization and consistency of the recommendations.
After the recommendations were in final draft form, they
were presented to the entire panel in a formal consensus
development process based on the Delphi technique.16
Consensus Development: The purpose of the Delphi
technique in this project was to achieve formal
consensus on each recommendation while accounting
for group interaction bias and maintaining anonymity
among respondents. Using an online survey (www.
surveymonkey.com), panelists were requested to vote
representing their level of agreement with each
presented recommendation based on a five-point scale
derived from the GRADE grid.17 Also, each panelist
could provide open-ended feedback on each
recommendation with suggested wording edits or
general remarks.
Each presented recommendation or consensus-based
statement was required to achieve panel consensus (80%
of the votes in agreement) to be included in the final
manuscript, along with a response rate of ⱖ 75% of
survey respondents. Otherwise, the recommendation
was revised or dropped by the author, based on the
anonymous and collated open-ended feedback from the
respondents in the survey. If the recommendation or
consensus-based statement was revised, the author had

TABLE 2

the choice to resubmit it to the next round of the survey
for voting again by the entire panel. The process was
continued until consensus had been reached on each of
the presented statement. When the statements that
achieved panel consensus had been identified through
this process, the executive committee then reviewed
each chapter’s final recommendations and consensusbased statements to resolve any areas of confusion or
inconsistency before a final manuscript was submitted
for the peer review process.
Review by CHEST and External Reviewers

When the final manuscript was completed and endorsed
by the executive committee, the manuscript underwent
peer review process by the organization to consider
content, methods, and adherence to the organization’s
processes. Reviewers were self-nominated and vetted
through the same COI disclosure and management
process as the panelists. Reviewers were either members
of the organization’s Cardiovascular and Pulmonary
Vascular NetWork, the CHEST GOC, or the CHEST
Board of Regents. In addition, CHEST primary reviewers
from the GOC and Board of Regents and a reviewer
selected by the Editor of the CHEST journal reviewed
the entire article for fluency and cohesiveness.

Pharmacologic Therapy for PAH in Adults
Lacking head-to-head comparisons of pharmacologic
agents for the treatment of PAH, and because of their
differing burdens and risks to patients, we recommend
that drug therapy be chosen on the basis of a methodical
evaluation of disease severity and the risk for further
short-term deterioration. The optimal method of
evaluation has not been studied. Despite variability in
clinicians’ approaches,7 the WHO FC (Table 2)18
provides a patient-centered means of assessing disease

] World Health Organization Functional Classification of Patients With Pulmonary Hypertension

Classiﬁcation
Class I: Patients with PH but without resulting limitation of physical activity. Ordinary physical activity does not cause
undue dyspnea or fatigue, chest pain, or near syncope.
Class II: Patients with PH resulting in slight limitation of physical activity. They are comfortable at rest. Ordinary physical
activity causes undue dyspnea or fatigue, chest pain, or near syncope.
Class III: Patients with PH resulting in marked limitation of physical activity. They are comfortable at rest. Less than
ordinary activity causes undue dyspnea or fatigue, chest pain, or near syncope.
Class IV: Patients with PH with inability to carry out any physical activity without symptoms. These patients manifest
signs of right-sided heart failure. Dyspnea and/or fatigue may even be present at rest. Discomfort is increased by
any physical activity.
PH 5 pulmonary hypertension. Adapted from Rich et al.18
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impact on a patient’s life. Similarly, despite limitations
to its use as a surrogate measure, the 6MWD provides
functional information. Additionally, hemodynamic,
echocardiographic, and laboratory measures (eg,
N-terminal brain natriuretic peptide [BNP]) measures
provide an assessment of cardiac impairment that may
be useful in guiding therapy. A combination of variables,
each evaluated in a consistent manner, is recommended.
All treatment decisions should be informed by patient
preferences, goals, and assessments of health-related
quality of life.
Recommendation
1. We suggest that the severity of a PAH patient’s
disease be evaluated in a systematic and consistent
manner, using a combination of WHO FC, exercise
capacity, echocardiographic, laboratory and hemodynamic variables in order to inform therapeutic
decisions (Grade CB).
The rarity of PAH makes its recognition and differentiation from other causes of pulmonary hypertension
less familiar to most clinicians. Because both an
accurate diagnosis and familiarity with the choice of
drugs best suited to individual patients are essential to
guide therapy, we believe that patients in whom a
diagnosis of PAH has been made or is being considered
be evaluated at a center with demonstrated expertise
and established infrastructure for the management of
patients with PAH with advanced disease or complex
medical problems. Such evaluations may be difficult
because of the distance to such a center, in which case
initial telephone consultation between physicians may
be a practical approach with plans for in-person
evaluation of the patient at the center with advanced
PAH expertise as soon as possible. Ongoing care of
patients with PAH is best served through close collaboration between locally available physicians and colleagues at centers with advanced expertise in PAH care.
Recommendations
2. We suggest that, whenever possible, all PAH
patients be evaluated promptly at a center with
expertise in the diagnosis of PAH, ideally prior to the
initiation of therapy (Grade CB).

Treatment Naive PAH Patients Without
Symptoms (WHO FC I) and Patients at
Increased Risk for the Development of PAH
Asymptomatic (ie, those with WHO FC I) patients with
PAH are rarely identified. Such patients might be
identified if screening (ie, the testing of individuals
without symptoms) for PH is performed. We lack
evidence regarding whether the initiation of PAH-specific
treatment is beneficial in patients with WHO FC I
symptoms, and no therapy is approved for such use. We
believe a careful history is paramount to ensure a true
lack of symptoms, as opposed to a patient who has
altered his or her activities to accommodate changes in
his or her capacities. Asymptomatic patients should be
evaluated at regular intervals for the development of
symptoms of PAH; the appropriate interval has not been
studied. More frequent monitoring (eg, every 3-6 months)
may be more appropriate initially until stability has
been established. Whether and how often testing
should be considered (eg, of exercise capacity or
echocardiographic parameters) has similarly not been
established.
Recommendations
4. For treatment naive PAH patients with WHO FC I
symptoms, we suggest continued monitoring for the
development of symptoms that would signal disease
progression and warrant the initiation of pharmacotherapy (Grade CB).
5. We suggest that patients at risk for the development
of PAH (eg, patients with systemic sclerosis or the
presence of a known mutation placing the patient at
risk for PAH) be monitored for the development of
symptoms of PAH (Grade CB).
Patients with PAH may also have conditions that
contribute to the development or worsening of pulmonary hypertension (eg, obstructive sleep apnea or
systemic hypertension). These conditions should be
optimally treated.
Recommendation
6. We suggest also that contributing causes of PH (eg,
sleep apnea and systemic hypertension) in patients
with PAH be treated aggressively (Grade CB).

3. We suggest collaborative and closely coordinated
care of PAH patients involving the expertise of both
local physicians and those with expertise in PAH care
(Grade CB).

Symptomatic Patients With PAH

Remark: Appropriate care may require the coordinated
efforts of cardiologists, pulmonologists, rheumatologists,
primary care, or other specialties.

CCBs are a recommended treatment of pulmonary
arterial hypertension (PAH) in a defined subset of
patients who have a specific biomarker that predicts the

Vasoreactivity Testing and Use of CCBs
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response to therapy. Patients likely to respond to CCBs
can be identified by hemodynamic testing with shortacting vasodilators at the time of initial evaluation.19 No
other clinical characteristic or baseline hemodynamic
feature predicts those patients who will respond.

identifies two subsets of patients with IPAH, different
stages of IPAH, or a combination of both. Patients who
do not exhibit a marked hemodynamic response to
CCBs do not appear to derive similar benefit from their
long-term use.

Recommendation

Recommendation

7. We suggest that patients with PAH, in the absence
of contraindications, should undergo acute vasoreactivity testing using a short-acting agent at a center
with experience in the performance and interpretation of vasoreactivity testing (Grade CB).

8. We suggest that patients with PAH who, in the
absence of right-sided heart failure or contraindications to CCB therapy, demonstrate acute vasoreactivity according to consensus definition, should be
considered candidates for a trial of therapy with an
oral CCB (Grade CB).

Remark: Contraindications to acute vasoreactivity
testing include a low systemic BP, low CO, or the
presence of FC IV symptoms. Acute vasoreactivity
testing may be complicated by hypotension, and the
misinterpretation of results may result in the inappropriate exposure of patients to the risks of a treatment
trial with CCBs without the possibility of clinical
benefit. Vasoreactivity testing should be performed by
individuals with appropriate training in test performance and interpretation.
The responses to inhaled nitric oxide20 or intravenously
administered acetylcholine,21 tolazoline,22 epoprostenol,23 or adenosine24 all identify patients with the
ability to acutely lower their PAP. The consensus definition of acute vasoreactivity is a fall in mPAP . 10 mm Hg,
to an mPAP , 40 mm Hg, with an unchanged or
increased CO.3 Data on long-term clinical benefit
(survival out to 5-18 years) come from two large
prospective uncontrolled studies.25,26 It has been
reported that approximately 10% of patients with
idiopathic PAH (IPAH) who are identified as vasoreactive and treated with high doses of CCBs may manifest
a marked reduction in PAP and PVR. True responders
to CCBs are uncommon among patients with other
forms of PAH (non-IPAH, or PAH occurring in
association with underlying disease processes).27
High doses of CCBs may be required to realize the full
hemodynamic benefit. Although the optimal dose remains
uncertain, the typical dosage used is amlodipine 20 to
30 mg/d, nifedipine 180 to 240 mg/d, or diltiazem 720 to
960 mg/d. CCBs at these high dosages are well tolerated,
with the major side effect being ankle edema, a known
side effect of CCBs, which can be treated with diuretics.
CCBs are not specifically approved for use in PAH by
either the FDA or European Medicines Agencies.
Patients who respond to CCB therapy show dramatic
clinical improvements within the first few months of
treatment. It is unknown whether the response to CCBs
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The use of CCBs in patients with PAH can cause systemic
hypotension producing reflex tachycardia, sympathetic
stimulation, and right ventricular ischemia. Reports of
serious adverse events when CCBs are used inappropriately underscore that CCBs need to be used with caution,
and only following testing of a short-acting vasodilator to
confirm the presence of vasoreactivity.28 Their prescription without close patient follow-up or documentation of
the beneficial hemodynamic effects is not recommended.
Increasing CCB doses in patients who are not vasoreactive can increase morbidity and may be fatal.
Recommendation
9. We suggest that CCBs should not be used empirically to treat PAH in the absence of demonstrated
acute vasoreactivity (Grade CB).

PAH-Specific Pharmacotherapies
Endothelin Receptor Antagonists

Bosentan: Four double-blind placebo-controlled studies
of bosentan for the treatment of PAH overall found that
bosentan resulted in improvements in exercise capacity,
hemodynamics, and time to clinical worsening, with a
significantly decreased hazard for hospitalization
compared with placebo. The first study enrolled
32 patients with WHO FC III or IV disease due to IPAH
or PAH associated with systemic sclerosis.29 After 12 weeks
of treatment, the mean placebo-corrected improvement
in 6MWD was 76 m (95% CI, 12-139; P 5 .021) in
patients treated with bosentan. In addition, the CI was
1.0 L/min/m2 (95% CI, 0.6-1.4; P , .0001) greater in
patients given bosentan than in those who received
placebo, and the placebo-corrected improvement in
PVR was 2415 dyn/s/cm5 (2608 to 2221, P 5 .0002) in
the bosentan group.
A larger RCT of 213 patients had similar entry criteria
and found that after 16 weeks of treatment, the 6MWD

[

146#2 CHEST AUGUST 2014

Downloaded From: http://journal.publications.chestnet.org/pdfaccess.ashx?url=/data/journals/chest/930614/ on 06/29/2017

]

among bosentan-treated patients was an average of 44 m
greater than patients who had received placebo (95% CI,
21-67 m; P , .001). This study included mortality and
hospitalization for PH as part of the secondary end
point of the number of clinical worsening events, which
was defined as the combined end point of death, lung
transplantation, hospitalization for pulmonary hypertension, lack of clinical improvement or worsening
leading to discontinuation from study drug, need for
epoprostenol therapy, or atrial septostomy.30 Over
28 weeks of follow-up, there were two deaths (3%) in the
placebo group, which was not significantly different from
the combined bosentan groups (1 [1%] death, hazard
ratio [HR] 5 0.23; 95% CI, 0.02-2.63). No difference was
seen in the combination of hospitalization and worsening
PAH, with nine occurrences (13%) in the placebo group
compared with six occurrences (4%) in the combined
bosentan groups (HR 5 0.29; 95% CI, 0.10-0.85).
The third study evaluated bosentan in patients with
WHO FC III Eisenmenger syndrome.31 Fifty-four patients
were randomized 2:1 to bosentan (n 5 37) or placebo
(n 5 17) for 16 weeks. Compared with placebo, bosentan
decreased PVR index (2472.0 dyn/s/cm5, P 5 .04) and
mPAP (25.5 mm Hg, P 5 .04) and increased 6MWD
(53.1 m, P 5 .008).
Finally, the fourth study of bosentan enrolled 185 WHO
FC II patients with IPAH, heritable PAH, or PAH
associated with HIV infection, anorexigen use, congenital left-to-right cardiac shunts, or connective tissue or
autoimmune diseases.32 Ninety-three patients were
randomized to bosentan and 92 to placebo, with
14 (15%) and 15 (16%) patients receiving concomitant
sildenafil in each group, respectively. After 6 months,
the mean 6MWD (N 5 177) increased in the bosentan
group (11.2 m; 95% CI, 24.6 to 27.0 m) and decreased
in the placebo group (27.9 m; 95% CI, 224.3 to 8.5);
however, the mean treatment effect of 19.1 m (95% CI,
3.6 – 41.8; P 5 .08) did not achieve statistical significance. At month 6, mean PVR (N 5 168) was 83.2%
(95% CI, 73.8-93.7) of the baseline value in the
bosentan group and 107.5% (95% CI, 97.6-118.4) of
the baseline value in the placebo group (treatment
effect, 222.6%; 95% CI, 233.5 to 210.0; P , .0001).
The number of clinical worsening events during the
course of the trial was a secondary end point in the
study and was defined as death from any cause (during
the treatment period or as the outcome of a treatmentemergent adverse event that led to permanent discontinuation of study treatment), hospitalization due
to PAH complications, or symptomatic progression

of PAH. At 6 months, there were no significant
differences in death or hospitalizations with one
death (1%) in the bosentan group and one death (1%)
in the placebo group (HR 5 0.99; 95% CI, 0.06-16.05);
one patient (1%) in the bosentan group was hospitalized, and three patients (3%) in the placebo group
were hospitalized (HR 5 0.32; 95% CI, 0.03-3.16).
Adverse events associated with bosentan treatment in
these clinical trials included abnormal liver function
tests, peripheral edema, palpitations, and chest pain.
Monthly monitoring of liver function tests is required
for patients receiving bosentan therapy.
Ambrisentan: Ambrisentan was evaluated in two
concurrent, double-blind, placebo-controlled studies,
Ambrisentan in Pulmonary Arterial Hypertension,
Randomized Double-Blind, Placebo-Controlled,
Multicenter, Efficacy Study (ARIES)-1 and ARIES-2,
showing improvement in exercise capacity and time to
clinical worsening, although there were no significant
differences in death and hospitalization rates compared
with placebo.33 Patients were randomized in a 1:1:1
fashion to placebo, ambrisentan 5 mg, or ambrisentan
10 mg in ARIES-1, and placebo, ambrisentan 2.5 mg, or
ambrisentan 5 mg in ARIES-2. These were 12-week
studies and included 202 patients in ARIES-1 and 192
in ARIES-2. The patient populations included IPAH,
connective tissue disease-associated PAH, HIV-associated
PAH, and PAH associated with anorexigen use. Patients in
any WHO FC were included in these studies, but the
majority of patients were in FC II (ARIES-1: 32%;
ARIES-2: 45%) or III (ARIES-1: 58%; ARIES-2: 52%),
with only a small percentage of patients in FC I
(ARIES-1: 2.5%; ARIES-2: 1.5%) and IV (ARIES-1: 7%;
ARIES-2: 2%). The mean placebo-corrected treatment
effects were 31 m (P 5 .008) and 51 m (P , .001) in
ARIES-1 for 5 mg and 10 mg ambrisentan, respectively,
and 32 m (P 5 .02) and 59 m (P , .001) in ARIES-2
for 2.5 mg and 5 mg ambrisentan, respectively. In
280 patients completing 48 weeks of ambrisentan
monotherapy, the improvement in 6MWD was 39 m
at week 48 compared with baseline. In the ARIES-1
and ARIES-2 studies,33 the mean placebo-corrected
improvement in 6MWD of all patients studied ranged
from 31 to 59 m for the three doses of ambrisentan
studied. The range of mean placebo-corrected
improvement in 6MWD was nearly identical in WHO
FC II and III patients (36-55 m for FC II and 39-45 m
for FC III).33 Clinical worsening events during the trial
were defined as the occurrence of death, lung
transplantation, hospitalization for PAH, atrial
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septostomy, study withdrawal because of the addition of
other PAH medications, or early escape criteria. In
ARIES-1, there were no significant difference in death or
hospitalization rates, with two deaths (3%) in the
placebo group and two (1.5%) in the combined
ambrisentan group after 12 weeks (HR 5 0.49; 95% CI,
0.07-3.55); two hospitalizations (3%) occurred in the
placebo group and four (3%) in the combined
ambrisentan group (HR 5 1.00; 95% CI, 0.18-5.60). In
ARIES-2, there was no significant difference in death
rates, with three deaths (5%) in the placebo group and
two (1.6%) in the combined ambrisentan group after
12 weeks (HR 5 0.14; 95% CI, 0.01-2.78); however,
nine hospitalizations (14%) occurred in the placebo
group, which was significantly more than in the
combined ambrisentan group (5 [4%]; HR 5 0.26;
95% CI, 0.08-0.80). Peripheral edema, headache, and
nasal congestion tended to occur more frequently in
patients receiving ambrisentan than placebo, but no
patients treated with ambrisentan developed serum
aminotransferase concentrations more than three
times the upper limit of normal.
Macitentan: A multicenter, double-blind, randomized,
placebo-controlled, event-driven, phase 3 trial investigated
whether long-term treatment with macitentan reduces
clinical worsening events among patients with PAH.34
Patients ⱖ 12 years of age who had IPAH or PAH related
to connective tissue disease, repaired congenital systemicto-pulmonary shunts, HIV infection, or drug use or
toxin exposure were eligible for inclusion. Confirmation
of PAH by right-sided heart catheterization was required,
as was a 6MWD ⱖ 50 m and WHO FC II, III, or IV. At
the time of entry into the study, . 60% of patients were
on treatment with oral phosphodiesterase-5 (PDE5)
inhibitors, oral or inhaled prostanoids, CCBs, or
l-arginine. Patients receiving IV or subcutaneous
prostanoids were excluded. Patients were randomly
assigned in a 1:1:1 ratio to receive placebo once daily
(n 5 250), macitentan at a once-daily dose of 3 mg
(n 5 250), or macitentan at a once-daily dose of
10 mg (n 5 242). The composite primary end point was
the time from the initiation of treatment to the first
event related to PAH (worsening of PAH, initiation of
treatment with IV or subcutaneous prostanoids, lung
transplantation, or atrial septostomy) or death from any
cause up to the end of treatment. Secondary end points
included the change from baseline to month 6 in the
6MWD, the percentage of patients with an improvement
in WHO FC at month 6, death due to PAH or
hospitalization for PAH up to the end of treatment, and
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death from any cause up to the end of treatment and up
to the end of the study. A total of 287 patients had a
primary end point event over a median treatment period
of 115 weeks: 116 patients (46.4%) in the placebo group,
95 patients (38.0%) in the group that received 3 mg of
macitentan, and 76 patients (31.4%) in the group that
received 10 mg of macitentan. Worsening of PAH was
the most frequent primary end point event. The HR for
the primary end point with the 3-mg dose of macitentan
vs placebo was 0.70 (97.5% CI, 0.52-0.96; P 5 .01), and
the HR with the 10-mg dose of macitentan vs placebo
was 0.55 (97.5% CI, 0.39-0.76; P , .001). At month 6,
the 6MWD had decreased by a mean of 9.4 m in the
placebo group and increased by a mean of 7.4 m in the
group that received 3 mg of macitentan (treatment effect
with 3-mg dose vs placebo, 16.8 m; 97.5% CI, 22.7 to
36.4; P 5 .01) and by a mean of 12.5 m in the group that
received 10 mg of macitentan (treatment effect with
10-mg dose vs placebo, 22.0 m; 97.5% CI, 3.2-40.8;
P 5 .008). The number of patients in the placebo, 3-mg
macitentan, and 10-mg macitentan groups who
discontinued the study drug owing to adverse events
was 31 (12.4%), 34 (13.6%), and 26 (10.7%), respectively.
The incidences of peripheral edema and of alanine
aminotransferase or aspartate aminotransferase levels
that were more than three times the upper limit of the
normal range were similar across the three groups. As
compared with patients who received placebo, higher
percentages of patients in the two macitentan groups
had nasopharyngitis, headache, and anemia. Three
patients, one in each group, discontinued treatment
because of anemia.
Phosphodiesterase Type-5 Inhibitors

Sildenafil: A placebo-controlled study randomized
278 treatment-naive patients to placebo or 20, 40, or
80 mg of sildenafil three times daily for 12 weeks.
Patients were predominantly in WHO FC II or III.
The primary end point (a placebo-adjusted increase in
the 6MWD) was seen with each sildenafil dose, and the
drug was approved by the US FDA at the 20 mg tid dose.
Improvements in the 6MWD were not statistically
different across the dose range studied of 20 to 80 mg
tid. Cardiopulmonary hemodynamics were measured at
baseline and after 12 weeks of treatment; compared with
placebo, mPAP and PVR were lower in patients who
received any of the three doses of sildenafil. The proportion of patients who improved at least one WHO FC
was significantly greater in each sildenafil treatment
group than in the placebo group.35 Only 7% of patients
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treated with placebo improved their FC, compared with
28%, 36%, and 42% of patients treated with 20, 40, and
80 mg tid of sildenafil, respectively. There was no
difference observed in the number of clinical worsening
events (which were defined as the occurrence of death,
transplantation, hospitalization for PAH, or the initiation of additional therapies for PAH).
Tadalafil: A placebo-controlled trial randomized
405 patients with PAH to placebo or tadalafil 2.5, 10,
20, or 40 mg once daily for 16 weeks.36 Approximately
one-half of the patients in the study were treatment
naive and the other one-half had background therapy
with an ETRA that was continued during the study.
The primary outcome measure set as a P , .01 difference
in placebo-adjusted increase in 6MWD after 16 weeks
of treatment was met only in patients in the highestdose treatment group. The mean placebo-corrected
increase in 6MWD was 33 m for the combined group
of patients receiving 40 mg tadalafil once daily (with
and without background ETRA therapy).36 The mean
increases in 6MWD with 40 mg daily was 24 m from
baseline among patients in WHO FC I or II and 36 m
from baseline among patients in WHO FC III or IV.
Data are not available to compare the effect in
treatment-naive patients in WHO FCs II and III. There
were no differences in the proportions of patients with
improved or worsened WHO FC among the tadalafil
or placebo groups. There were fewer clinical worsening
events among the patients in the 40 mg daily tadalafil
group (which were defined as the occurrence of death,
heart or lung transplantation, atrial septostomy,
hospitalization for PAH or the initiation of new PAHapproved therapy, or worsened WHO FC), predominantly
a decrease in number with worsened WHO FC.
Prostanoids

Epoprostenol: RCTs of prostanoid therapies in the
treatment of PAH are limited. No true double-blind,
RCT for IV epoprostenol exists; however, prospective,
randomized, controlled, open-label trials support the
treatment benefits of this therapy in patients with
IPAH37 as well as in systemic sclerosis-associated PAH.38
Specifically, in a 12-week, prospective, multicenter,
randomized, controlled, open-label trial,37 continuous
IV infusion of epoprostenol plus conventional therapy
(including oral vasodilators [CCBs], anticoagulation,
diuretic, digoxin, and oxygen) was compared with
conventional therapy alone in 81 patients with severe
IPAH (WHO FC III or IV). Exercise capacity

improved in the 41 patients with epoprostenol
(median 6MWD, 362 m at 12 weeks vs 315 m at
baseline) and decreased in the 40 patients treated
with conventional therapy alone (204 m at 12 weeks
vs 270 m at baseline; P , .002 for comparison of
the treatment groups). Improvement in FC occurred
in 16 of 40 patients (40%), worsened in five (13%),
and was unchanged in 19 (48%) compared with
the conventionally treated group, in which only
one patient improved FC (3%), three patients had
worsening in their FC (10%), and 27 had no change
(87%) over the 12-week trial.37 There were also improvements in indices of quality of life, hemodynamics, and
survival, although those dying in this trial had significantly lower 6MWD at baseline (192 m vs 305 m). A
multicenter, randomized, controlled, open-label study38
of long-term IV epoprostenol treatment in patients with
PAH occurring in association with the systemic sclerosis
spectrum of disease showed improvement in exercise
capacity and hemodynamics. Exercise capacity
improved with epoprostenol (median 6MWD, 316 m at
12 weeks compared with 270 m at baseline) but
decreased with conventional therapy (192 m at 12 weeks
compared with 240 m at baseline). The difference
between treatment groups in the median distance
walked was 108 m (95% CI, 55.2-180.0 m; P , .001). At
the end of 12 weeks, 21 patients (38%) improved WHO
FC in the group treated with IV epoprostenol, whereas
none of the 55 patients receiving conventional therapy
improved their WHO FC.38 Hemodynamics also
improved; however, a survival advantage was not
demonstrated.
Treprostinil: Randomized, placebo-controlled, doubleblind trials of IV treprostinil39 and subcutaneous
treprostinil40 and a nonblinded, placebo-controlled
randomized trial of inhaled iloprost have likewise
supported treatment benefits in patients with PAH.
Specifically, one placebo-controlled, randomized trial of
IV treprostinil in treatment-naive PAH FC III and IV
patients39 enrolled 44 study patients with IPAH or
familial PAH and randomized them in a 2:1 fashion to
either IV treprostinil (n 5 30) or IV placebo (n 5 14).
Exercise endurance as measured by 6MWD increased in
the IV treprostinil-treated patients by a placebocorrected median of 83 m (P 5 .008) (326.4 ⫾ 23 m from a
baseline of 259.2 ⫾ 11.9 m in the IV treprostinil arm vs
205.5 ⫾ 36 m from a baseline of 231.4 ⫾ 19.7 m in the
placebo arm). A double-blind, randomized, multicenter,
placebo-controlled trial of subcutaneously infused
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treprostinil in patients (n 5 470) with FC II, III, or IV
PAH (IPAH or PAH associated with connective tissue
disease or congenital systemic to pulmonary shunts)
demonstrated improved exercise capacity as measured
by the 6MWD distance (median between treatment
group difference, 16 m; P 5 .006).40 This study also
demonstrated improvements in hemodynamics
compared with placebo at 12 weeks.40 Specifically, mean
right atrial pressure decreased (20.5 ⫾ 0.4 mm Hg in
subcutaneous treprostinil treated vs 11.4 ⫾ 0.3 mm Hg
in placebo treated; P 5 .0002), mPAP decreased
(22.3 ⫾ 0.5 mm Hg vs 10.7 ⫾ 0.6 mm Hg; P 5 .0003),
cardiac index increased (1 0.12 ⫾ 0.04 L/min/m2
vs 20.6 ⫾ 0.04 L/min/m2; P 5 .001), and PVR index
decreased (23.5 ⫾ 0.06 units/m2 vs 11.2 ⫾ 0.6 units/m2;
P 5 .0001) in those treated with SC treprostinil
compared with placebo. This effect appeared to be
dose related.
Iloprost: A 3-month, randomized, double-blind, placebocontrolled, multicenter trial of iloprost via inhalation
six to nine times per day used a composite primary end
point of a 10% improvement in the 6MWD and WHO
FC improvement in the absence of clinical deterioration
or death.41 One hundred forty-six patients with PAH
and 57 with CTEPH were included. The composite end
point was achieved in 17% of treated patients compared
with 5% in patients receiving placebo (P 5 .007). The
treatment effect on the 6MWD was a mean increase of
36 m in the overall population in favor of iloprost
(P 5 .004) and 59 m in the subgroup of 102 patients
with IPAH.
Side effects more commonly reported with the use of
IV epoprostenol or treprostinil than placebo include
headache, jaw pain, diarrhea, abdominal pain, anorexia,
vomiting, photosensitivity, cutaneous flushing, and
arthralgias.37-40,42-57 Other adverse effects associated with
IV prostanoid use include infection of the catheter site,
catheter-related bloodstream infection and sepsis, and
malfunction of the drug-delivery system.37,38,46,47,49,58-63
Site pain occurs frequently in those on subcutaneous
treprostinil.40,64,65 Inhaled prostanoids result in cough,
headache, flushing, nausea, and syncope more commonly than placebo with iloprost41 and cough, headache, and flushing more commonly than placebo with
treprostinil.66
Soluble Guanylate Cyclase Stimulator

Riociguat: A 12-week, double-blind, randomized,
placebo-controlled trial of the soluble guanylate cyclase
stimulator riociguat was conducted in patients with
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PAH.5 The study enrolled 443 patients with symptomatic
PAH (idiopathic, familial, or associated with connective
tissue disease, congenital heart disease, portal hypertension with liver cirrhosis, or anorexigen or amphetamine
use), with a PVR of . 300 dyn/s/cm5, an mPAP
of ⱖ 25 mm Hg, and a 6MWD of 150 to 450 m. Patients
who were receiving no other treatment of PAH and
patients who were receiving treatment with ETRAs or
prostanoids (excluding IV prostanoids) were eligible;
patients who were receiving PDE5 inhibitors were
excluded. Oral anticoagulant agents, as well as
diuretics and supplemental oxygen at stable doses,
were permitted. Patients were randomly assigned, in a
2:4:1 ratio, to one of three regimens: placebo, oral
riociguat administered in doses that were individually
adjusted for each patient up to 2.5 mg tid, or oral
riociguat administered in individually adjusted doses
that were capped at 1.5 mg tid. Dose adjustments
during the first 8 weeks of the study were made based
on the patient’s systolic BP (with increases if trough
systolic BP was . 95 mm Hg) and signs or symptoms of
hypotension. The primary end point was the change
from baseline in 6MWD. Secondary end points included
changes from baseline to the end of week 12 in PVR,
N-terminal pro-BNP levels, WHO FC, time to clinical
worsening (defined as the occurrence of death, atrial
septostomy, heart/lung transplantation, hospitalization
for PAH, initiation of new PAH-specific medication or
adjustment in prostanoid therapy, or worsening 6MWD
or WHO FC), Borg dyspnea score, and quality-of-life
assessments. At week 12, the 6MWD had increased
from baseline by a mean of 30 m in the 2.5-mg maximum group and had decreased by a mean of 6 m in
the placebo group (P , .001). Pulmonary vascular
resistance decreased by 223 dyn/s/cm5 in the 2.5-mg
maximum group, compared with 9 dyn/s/cm5 in the
placebo group (P , .001). Statistically significant
improvements in other hemodynamic variables,
including mPAP and CO, were also evident in patients
treated with riociguat. Improvements in N-terminal
pro-BNP levels, WHO FC, and score on the Borg
dyspnea scale were also seen in the riociguat-treated
group as compared with placebo, as was a significantly
lower incidence of events indicating clinical worsening
in the 2.5-mg maximum group than in the placebo
group. The most frequently occurring serious adverse
events were syncope (in 1% of the patients in the
2.5-mg maximum group vs 4% in the placebo group),
worsening pulmonary hypertension (in , 1% of the
patients in the 2.5-mg maximum group vs 2% in the
placebo group), chest pain (in 1% of the patients in both
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the 2.5-mg maximum group and the placebo group),
and right ventricular failure (in 1% of the patients in
both groups). Drug-related serious adverse events in the
2.5-mg maximum group included three cases of syncope
(in 1% of the patients) and single cases of increased
hepatic enzyme levels, dizziness, presyncope, acute
renal failure, and hypotension (in a total of 0.4% of
the patients).
Patients With WHO Functional Class II Symptoms:
Direct comparisons of available oral therapies for PAH
monotherapy for treatment-naive patients have not been
performed, and we do not make recommendations or
suggestions of one agent, or class of agent, over another.
Three orally active ETRAs (bosentan, ambrisentan, and
macitentan), two orally active PDE5 inhibitors
(sildenafil and tadalafil), and a single orally active
soluble guanylate cyclase stimulator (riociguat) are
currently approved for the treatment of PAH in the
United States. All six drugs are approved for the
treatment of patients with PAH in WHO FC II; however,
most of the patients who were enrolled in the pivotal
clinical trials that resulted in the approval of these
medications were in WHO FC III at the time of study
entry. Only about one-third of the patients enrolled into
any of these studies were FC II at baseline, and the total
number of FC II patients in all of these studies is small.
With the exception of a single clinical trial of bosentan,32
no clinical trial has been designed to specifically
examine the effect of treatment on patients with PAH in
FC II. As a result, it is uncertain if findings from studies
of predominantly WHO FC III patients can be
confidently applied to those in FC II. Although
emphasizing the limitations of available data and the
dangers of comparisons made across studies, the
available data suggest that patients with PAH with WHO
FC II disease are likely to benefit from treatment with
an ETRA, PDE5 inhibitor, or the soluble guanylate
cyclase stimulator riociguat. The committee did not
believe adequate information is available to permit
recommending one agent over another.
ETRAs and PDE5 inhibitors should be initiated at the
approved doses. Although the US FDA approved dose
of sildenafil for treatment of PAH is 20 mg tid, titration
of therapy up to 80 mg tid has been done in clinical
trials, and a dose response in hemodynamic response
has been noted. For patients who fail to demonstrate
and maintain an adequate clinical response to 20 mg
sildenafil tid, we recommend consideration of increasing
the dose in 20-mg increments to a maximum of 80 mg
tid, or adding another agent. Treatment with

bosentan . 125 mg bid is associated with greater
incidence of transaminase elevation and is not recommended. As treatment with 10 mg of ambrisentan
resulted in greater improvement in 6MWD than 5 mg
without an observed increase in adverse effects,33
patients should be started at the 5-mg daily dose of
ambrisentan and, if well tolerated and treatment goals
have not been reached, the dose should be increased to
10 mg. The dose of riociguat requires dose titration.
Based upon currently available evidence showing a risk
of systemic hypotension when coadministered with a
PDE5 inhibitor, male patients treated with riociguat
should also be cautioned not to use PDE5 inhibitors for
erectile dysfunction.
Recommendations
For treatment-naive patients with PAH with WHO FC
II symptoms who are not candidates for, or who have
failed, CCB therapy, we advise monotherapy be
initiated with a currently approved ETRA, PDE5
inhibitor, or the soluble guanylate cyclase stimulator
riociguat. More specifically in these patients:
10. We recommend ambrisentan to improve 6MWD
(Grade 1C).
11-12. We suggest bosentan to delay time to clinical
worsening (Grade CB) and improve cardiopulmonary
hemodynamics.
13. We suggest macitentan to delay the time to clinical
worsening (Grade CB).
14. We recommend sildenafil to improve 6MWD
(Grade 1C).
15. We suggest tadalafil to improve 6MWD
(Grade CB).
16-19. We suggest riociguat to improve 6MWD (Grade
CB), improve WHO FC (Grade CB), delay the time to
clinical worsening (Grade CB) and improve
cardiopulmonary hemodynamics.
Subcutaneous infusion of treprostinil has been approved
for the treatment of patients with PAH in FC II; the
other parenteral and inhaled prostanoids have not.
However, given the considerably greater cost, risks, and
administration challenges of drug administration
associated with inhaled or continuous-infusion prostacyclin therapy, we do not recommend prostacyclin
derivatives as initial therapy for FC II patients. In a
similar manner, for patients who remain in FC II on
initial PAH therapy, there are no data to support the
addition of inhaled or parenteral prostanoid therapy as
second-line agents. Prostanoid therapies might be
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considered in patients unable to receive oral medications or who have difficulty tolerating, contraindications
to, or fail to respond to ETRA or PDE5 inhibitors, or
their combination.
Recommendation
20. We suggest that parenteral or inhaled prostanoids
not be chosen as initial therapy for treatment naive
PAH patients with WHO FC II symptoms or as
second line agents for PAH patients with WHO FC II
symptoms who have not met their treatment goals
(Grade CB).
Patients With WHO FC III Symptoms: Direct
comparisons of available oral therapies for PAH
monotherapy for treatment-naive patients have not been
performed, and we do not make recommendations or
suggestions of one agent, or class of agent, over another.
ETRAs and PDE5 inhibitors should be initiated at the
approved doses. Although the US FDA-approved dose of
sildenafil for treatment of PAH is 20 mg tid, titration of
therapy up to 80 mg tid has been done in clinical trials
and a dose response in hemodynamic response has been
noted. In patients who fail to demonstrate and maintain
an adequate clinical response to 20 mg sildenafil tid, we
recommend consideration of increasing the dose in
20 mg increments to a maximum of 80 mg tid or adding
another agent. Treatment with more than the
recommended dose of tadalafil (40 mg once daily) has
not been studied and is not recommended. Treatment
with bosentan . 125 mg bid is associated with greater
incidence of transaminase elevation and is not
recommended. As treatment with 10 mg of ambrisentan
resulted in greater improvement in 6MWD than 5 mg
without an observed increase in adverse effects,33
patients should be started at the 5-mg daily dose of
ambrisentan and, if well tolerated and treatment goals
have not been reached, increase to the 10-mg dose. The
dose of riociguat requires dose titration. Based upon
currently available evidence showing a risk of systemic
hypotension when coadministered with a PDE5
inhibitor, male patients treated with riociguat should
also be cautioned not to use PDE5 inhibitors for erectile
dysfunction.
Recommendations
For treatment-naive PAH patients with WHO FC III
symptoms who are not candidates for, or who have
failed CCB therapy, we advise monotherapy be
initiated with a currently approved ETRA, a PDE5
inhibitor, or the soluble guanylate cyclase stimulator
riociguat. More specifically in these patients:
466 Evidence-Based Medicine

21. We recommend the use of bosentan to improve
6MWD (Grade 1B).
22-23. We suggest the use of bosentan to decrease
hospitalizations related to PAH in the short-term
(Grade 2C), and to improve cardiopulmonary
hemodynamics.
24. We recommend the use of ambrisentan to improve
6MWD (Grade 1C).
25-26. We suggest macitentan to improve WHO FC
(Grade CB) and delay the time to clinical worsening
(Grade CB).
27-29. We recommend the use of sildenafil to improve
6MWD (Grade 1C) and to improve WHO FC
(Grade CB). We suggest the use of sildenafil to
improve cardiopulmonary hemodynamics.
30-33. We suggest the use of tadalafil to improve
6MWD (Grade CB), to improve WHO FC (Grade CB),
to delay time to clinical worsening (Grade CB) and to
improve cardiopulmonary hemodynamics.
34-37. We suggest riociguat to improve 6MWD
(Grade CB), improve WHO FC (Grade CB), delay the
time to clinical worsening (Grade CB) and improve
cardiopulmonary hemodynamics.
Because of the paucity of comparative effectiveness data
among the different agents, none can be definitively
recommended preferentially. Inhaled prostanoids
(iloprost, treprostinil) have shown less consistent and
robust effects than continually infused prostanoid
therapy described earlier but may be appropriate initial
therapy in select patients with contraindications to oral
agents and/or who cannot be treated with continuous
parenteral agents. Because of the ease of administration,
oral agents are generally preferred as initial therapy
unless the patient has more severe symptoms or if
there is a worrisome rate of symptom progression, in
which case parenteral therapies might be considered.
Most clinical data derive from individuals with IPAH,
and extrapolation of efficacy may be problematic in
other PAH subgroups. In some, such as PAH associated
with the systemic sclerosis spectrum of diseases,
response to pharmacologic intervention has been
studied and generally is less impressive than in patients
with IPAH. IV prostanoid therapies require high
degrees of patient training, motivation, and support
to be successful. IV prostanoid therapies should only
be managed by centers with the experience and
staffing required to provide 24-h support to
complicated patients on these medications. Each of the
following parenteral prostanoids has been studied and
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approved for use in patients with PAH with WHO FC
III symptoms.
Recommendations
For treatment naive PAH patients with WHO FC III
symptoms who have evidence of rapid progression of
their disease, or other markers of a poor clinical
prognosis, we advise consideration of initial treatment with a parenteral prostanoid. More specifically
in these patients:
38-40. We suggest continuous IV epoprostenol to
improve FC (Grade CB), improve 6MWD (Grade CB),
and improve cardiopulmonary hemodynamics.
41. We suggest continuous IV treprostinil to improve
6MWD (Grade CB).
42-43. We suggest continuous subcutaneous treprostinil to improve 6MWD (Grade CB) and improve
cardiopulmonary hemodynamics.
Each of the parenteral prostanoids has been studied
and approved for use in patients with PAH in WHO
FC III. Considering the greater risk, complexity of
administration, and cost of parenteral prostanoids,
these agents should generally be used as initial therapy
for FC III patients who exhibit rapid disease progression or other markers of worse clinical outcomes. They
have not generally been adequately studied as up-front
combination treatment with oral ETRA or PDE5
inhibitors but may be considered as add-on therapy
when patients receiving one or two oral agents fail
to meet clinical goals or when they exhibit clinical
worsening.
Recommendations
For PAH patients in WHO FC III who have evidence
of progression of their disease, and/or markers of
poor clinical prognosis despite treatment with one or
two classes of oral agents, we advise consideration of
the addition of a parenteral or inhaled prostanoid.
More specifically in these patients:
44-46. We suggest IV epoprostenol to improve WHO
FC (Grade CB), improve 6MWD (Grade CB), and
improve cardiopulmonary hemodynamics.
47-48. We suggest IV treprostinil to improve 6MWD
(Grade CB) and improve cardiopulmonary
hemodynamics.
49. In patients with PAH who remain symptomatic on
stable and appropriate doses of an ETRA or a PDE5
inhibitor, we suggest the addition of inhaled treprostinil to improve 6MWD (Grade 2C).

Remark: The usual initial dose of inhaled treprostinil is
3 inhalations (18 mg) every 6 h. However, optimal effect
of inhaled treprostinil may require titrating treprostinil
doses up to 9 inhalations (54 mg) every 6 h.
50-51. In patients with PAH who remain symptomatic
on stable and appropriate doses of an ETRA or a PDE5
inhibitor, we suggest the addition of inhaled iloprost
to improve WHO FC (Grade CB) and delay the time to
clinical worsening (Grade CB).
Patients With WHO FC IV Symptoms: Most experts
in the field consider IV epoprostenol the therapy of
choice for WHO FC IV patients based on extensive
clinical experience and the findings of improved
survival37 in a single study. Rapid onset of action and
titratability of this form of therapy to the severity of the
class IV patient’s disease make this preferable over oral
PAH-specific therapies.
RCT data39 are limited, but considerable clinical
experience supports the exercise benefits of IV treprostinil. Data suggest that this therapy may have a greater
risk of catheter-associated infection (with both
gram-positive and gram-negative organisms)59-63 than
IV epoprostenol, and it may require higher doses
(ng/kg/min) to achieve comparable efficacy.
Prostanoid therapies require patients who are able to
manage the complex delivery systems and comply with
the therapies to ensure safety. Family support is of
paramount importance in the decision to initiate
inhaled or infused prostanoid therapy. In addition,
prostanoid therapies require proper infrastructure and
specialty center care. In centers without the proper
infrastructure to ensure safe delivery of these therapies,
it is recommended that patients be referred to an
experienced pulmonary hypertension center. Severely ill
or unstable patients with class IV PAH should be
admitted to the hospital for initiation of prostanoid
therapy to ensure stabilization and improvement in
clinical status and to educate both the patient and family
about the safe administration of these therapies to
ensure safe transition to outpatient therapy. Listing for
lung transplantation should be considered for these
patients with WHO FC IV PAH.
Recommendations
For treatment naive PAH patients in WHO FC IV, we
advise initiation of monotherapy with a parenteral
prostanoid agent. More specifically in these patients:
52-54. We suggest continuous IV epoprostenol to
improve WHO FC (Grade CB), improve 6MWD
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(Grade CB), and improve cardiopulmonary
hemodynamics.
55. We suggest continuous IV treprostinil to improve
6MWD (Grade CB).
56-57. We suggest continuous subcutaneous treprostinil to improve 6MWD (Grade CB) and improve
cardiopulmonary hemodynamics.
In general, the magnitude of impact of inhaled prostanoids on these outcomes has been less than that seen
with parenteral prostanoid therapy, and these therapies
are generally believed to be less optimal in sicker (WHO
FC IV) patients. Inhaled iloprost has been studied in
patients who remain symptomatic (94% WHO FC III)
while receiving a stable dose of bosentan for at least
3 months.67 Although improvements after 12 weeks in
6MWD, hemodynamics, and time to clinical worsening
were observed, the small number of FC IV patients
studied makes recommendation of this therapy for these
patients tenuous.67 Inhaled treprostinil has been
suggested to sustain 6MWD improvements primarily in
WHO FC III patients (on background oral monotherapy), with very limited data for FC IV patients.68
Therapy for patients with WHO FC IV status that does
not include a prostanoid should be reserved only for
those patients unable to safely self-administer or without
the social support to handle the rigors of these therapies
safely, or in patients who have expressed sufficiently
informed preferences to forgo such therapies. FC IV
patients who forgo prostanoid therapies must be made
aware that transplant centers may not consider them
appropriate candidates for lung transplantation. In such
patients, some experts would consider up-front initiation of two oral therapies, although supporting evidence
is limited.52
Recommendations
For treatment naive PAH patients in WHO FC IV
who are unable or do not desire to manage parenteral
prostanoid therapy, we advise treatment with an
inhaled prostanoid in combination with an ETRA.
More specifically in these patients:
58-59. We suggest bosentan to improve 6MWD
(Grade 2B) and cardiopulmonary hemodynamics.
60-61. We suggest inhaled iloprost to improve 6MWD
(Grade CB), and improve WHO FC (Grade CB).
62. We suggest inhaled treprostinil (in combination
only) to improve 6MWD (Grade CB).
Patients With PAH on Established PAH-Specific
Therapy: Treatment with combinations of PAH
468 Evidence-Based Medicine

medications continues to evolve rapidly because of the
discovery of multiple biologic pathways for therapeutic
intervention and the translation of these discoveries
through evidence provided by RCTs. The previous
American College of Chest Physicians clinical practice
guideline on medical therapy for PAH noted that RCTs
studying combination treatments were underway.2 As
of October 1, 2012, investigators have reported five
RCTs that compared combination therapy with
monotherapy. Four trials compared the addition of a
medication or placebo to stable background
monotherapy, whereas one small trial compared
bosentan against placebo at the time that epoprostenol
was initiated. No trial has specifically addressed the
important clinical problem of a patient whose
deterioration on monotherapy may warrant combination
with another pharmacologic class of medication. Major
trials of combination therapy are ongoing. One
important ongoing trial will provide data to compare
initial combination therapy with an ETRA and a PDE5
inhibitor against initial monotherapy with either an
ETRA or a PDE5 inhibitor combined with placebo.
Combination Therapy for the Initial Treatment of
Patients With PAH With FC III or IV Symptoms: One
small RCT47 randomized 33 patients with PAH with
WHO FC III or IV symptoms to initiation of IV
epoprostenol combined with bosentan or a placebo.
The majority of patients were diagnosed with
idiopathic PAH (n 5 27) or PAH associated with a
collagen vascular disease (n 5 6). Although both
groups showed improved 6MWD, WHO FC, and total
pulmonary resistance, there was no significant difference
in the primary outcome of change in total pulmonary
resistance from baseline to 16 weeks in the epoprostenol/
bosentan group vs the epoprostenol/placebo group
(mean ⫾ SEM, 236.3% ⫾ 4.3% vs 22.6% ⫾ 6.2%;
P 5 .08). There were more serious adverse events
observed in the combination therapy group.
Addition of Inhaled Prostanoid to Stable Oral
Monotherapy: Two prospective double-blind placebocontrolled RCTs compared addition of an inhaled
prostanoid against an inhaled placebo in patients with
PAH on stable monotherapy with an ETRA or PDE5
inhibitor. The majority of patients were diagnosed with
idiopathic PAH or PAH associated with a collagen
vascular disease.
One randomized 235 patients with PAH with WHO FC
III (98%) or IV symptoms and a 6MWD of 200 to 450 m
while treated for at least 3 months with bosentan (70%)
or sildenafil (30%) to inhaled treprostinil (ⱕ 54 μg) or
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inhaled placebo four times daily.66 Inhaled treprostinil
improved exercise capacity (placebo-corrected median
change from baseline in peak 6MWD of 20 m at week 12;
P , .001) and quality of life and was safe and welltolerated. Patients appeared more likely to benefit if the
pretreatment 6MWD was , 300 m before the addition
of inhaled treprostinil. The usual initial dose of inhaled
treprostinil was three inhalations (18 μg) every 6 h.
However, the optimal effect of inhaled treprostinil often
required titration of treprostinil doses up to nine
inhalations (54 μg) every 6 h over a period of 2 weeks.

doses of 2.5, 10, 20, or 40 mg daily, 216 of the
405 patients with PAH were receiving background
therapy with bosentan.36 The placebo-adjusted change in
6MWD in treatment-naive patients was 44 m (n 5 186;
95% CI, 20-69; P 5 .01). The average change was 23 m
for the 206 on background bosentan therapy who
completed the end point 6-min walk (n 5 206; 95% CI,
2-48; P 5 .09). Although tadalafil 40 mg daily provided
clinical benefit in patients as monotherapy, these data
did not support additional benefit of the combination
of tadalafil on background bosentan therapy.

Another study of 67 patients with PAH who remained
symptomatic (94% FC III) despite bosentan therapy
randomized participants to inhaled iloprost or placebo.67
When compared with placebo after 12 weeks, iloprost
showed a tendency for improved exercise capacity
compared with placebo (P 5 .051) and significant
improvement in WHO FC (P 5 .002) and in the
occurrence of worsening events (P 5 .022) and was safe
and well tolerated.

Adding a second class of PAH therapy for patients
whose clinical status remains unacceptable despite
established PAH-specific monotherapy requires that
the clinician assess whether the patient has received an
adequate trial of the initial monotherapy. At present,
this assessment combines evaluation of the duration of
monotherapy, the expected response to the monotherapy, the observed response to the monotherapy, and
the patient’s severity of illness and pace of decline.
Unacceptable clinical status will vary for individual
patients and clinicians, but symptomatic limitation
of desired physical activities usually guide these
decisions.

Addition of Sildenafil to Stable IV Epoprostenol: One
prospective double-blind placebo-controlled RCT
compared the effect of the addition of sildenafil or a
placebo in patients with PAH on stable doses of IV
epoprostenol (generally between 10 ng/kg/min and
50 ng/kg/min) over 16 weeks.48 The trial included
267 patients with PAH, most with WHO FC II (25%)
or III (65%) symptoms and a 6MWD of 100 to 450 m
while treated with stable doses of IV epoprostenol, who
had oral sildenafil or placebo added. The majority had
idiopathic PAH. The usual initial dose of sildenafil was
20 mg by mouth every 8 h. However, the optimal effect
of sildenafil often required titrating sildenafil doses
up to 80 mg every 8 h over a period of 8 weeks.
Transient changes in epoprostenol dose, typically in
increments of 1 to 2 ng/kg/min every 1 to 2 weeks, were
made in response to inadequate therapeutic responses.
Compared with placebo, sildenafil was associated with
an adjusted treatment difference in 6MWD of 128.8 m
(95% CI, 13.9-43.8 m). There were improvements also
in hemodynamic measurements and time to clinical
worsening. The use of sildenafil in addition to IV
epoprostenol was associated with more headaches and
dyspepsia. Patients appeared more likely to benefit if the
pretreatment 6MWD was . 325 m before the addition
of sildenafil.
Addition of a Long-Acting PDE5 Inhibitor to Stable
Background Therapy With an ETRA: In a 16-week,
randomized trial comparing placebo with tadalafil at

It should be noted that studies adding a second
PAH-specific drug to already initiated PAH-specific
therapy have routinely continued the initial drug.
Published reports have not indicated whether clinical
benefit had been noted in response to the initial agent.
We lack data to inform whether such practice is
appropriate or whether it would be more appropriate
to discontinue an initial agent if clinical benefit had not
been observed following its initiation. A lack of clinical
improvement or a worsening of clinical status with
therapy might represent an absence of benefit or even
harm from the treatment, progression of disease, or a
combination of these factors. As all drugs have
potential adverse effects, and PAH-specific therapies
are costly, this remains an important gap in the
evidence available from clinical trials and a problematic issue for clinical care.
Recommendations
63. In PAH patients initiating therapy with IV
epoprostenol, we suggest against the routine simultaneous initiation of bosentan (Grade CB).
For WHO FC III or IV PAH patients with unacceptable clinical status despite established PAH-specific
monotherapy, we advise addition of a second class of
PAH therapy to improve exercise capacity. Such
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patients are ideally evaluated at centers with expertise
in the evaluation and treatment of complex patients
with PAH. More specifically:
64. In patients with PAH who remain symptomatic on
stable doses of an ETRA or a PDE5 inhibitor, we
suggest the addition of inhaled iloprost to improve
6MWD (Grade CB).
65. In patients with PAH who remain symptomatic on
stable doses of an ETRA or a PDE5 inhibitor, we
recommend the addition of inhaled treprostinil to
improve 6MWD (Grade 1C).
Remark: The usual initial dose of inhaled treprostinil is
3 inhalations (18 μg) every 6 h. However, optimal effect
of inhaled treprostinil may require titrating treprostinil
doses up to 9 inhalations (54 μg) every 6 h.
66. In PAH patients who remain symptomatic on
stable doses of established IV epoprostenol, we
suggest the addition of sildenafil or up titration of
epoprostenol to improve 6MWD (Grade CB).
67-70. In patients with PAH who remain symptomatic
on stable doses of bosentan, ambrisentan or an
inhaled prostanoid, we suggest the addition of the
soluble guanylate cyclase stimulator riociguat to
improve 6MWD (Grade CB) WHO FC (Grade CB)
and cardiopulmonary hemodynamics and to delay the
time to clinical worsening (Grade CB).
71-73. In patients with PAH who remain symptomatic
on stable doses of a PDE5 inhibitor or an inhaled
prostanoid we suggest macitentan to improve 6MWD
(Grade CB), WHO FC (Grade CB) and to delay the
time to clinical worsening (Grade CB).
Data from RCTs are not available to inform the addition
of a third pharmacologic class of PAH medication.
However, addition of a third class of PAH medication
usually indicates poor functional status. In this setting,
we believe that treatment with a parenteral prostanoid
therapy must be considered.
The recommendations for combination therapy should
be used as general guidelines until more is known about
which combinations are most efficacious and the
optimal timing of combining therapies is available. Until
then, an individualized approach should be used by a
practitioner who has experience using combination
therapy for PAH. In general, escalation of therapy and
referral for lung transplantation evaluation should occur
when a patient has evidence of disease progression on
combination therapy. As noted above, whether established drugs are best continued with the initiation of
new agents requires study.
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Recommendation
74. For WHO FC III or IV PAH patients with unacceptable or deteriorating clinical status despite
established PAH-specific therapy with two classes of
PAH pharmacotherapy, we suggest addition of a third
class of PAH therapy (Grade CB).
Remark: Such patients are ideally evaluated at centers
with expertise in the evaluation and treatment of
complex patients with PAH.

Specific Patient Situations
Pregnancy

Pregnancy was addressed in the 2004 ACCP Medical
Therapy Guidelines document.69 Following is an update
to that section of the document. Many patients with
PAH are women of childbearing age. The hemodynamic
demands of pregnancy are substantial and include an
increase of 30% to 50% in blood volume, a similar
increase in CO, a 10- to 20-beat/min increase in heart
rate, an increase in stroke volume, and decreases in both
systemic vascular resistance and BP.69,70 These hemodynamic changes begin during the first trimester and peak
at 20 to 24 weeks of gestation. During labor, there are
further increases in CO, and the BP also increases with
uterine contractions. Immediately postpartum there are
marked volume shifts, with cardiac filling pressures
increasing dramatically as a result of decompression of
the vena cava and the return of uterine blood into the
systemic circulation. The hemodynamic changes
associated with pregnancy regress by approximately
6 weeks after delivery. The physiologic changes induced
by pregnancy impose a marked hemodynamic stress in
women with IPAH, leading to a previously estimated
30% to 50% mortality rate.71,72 More recent data indicate
that the outcome of pregnancy in PAH has improved
(a 12% maternal mortality rate was reported in a recent
survey73), at least when PAH is well controlled. However,
pregnancy remains associated with a substantial mortality
risk. Because of potential maternal and fetal morbidity
and mortality, most experts recommend effective
contraception and consideration of early termination if
pregnancy occurs in a patient with PAH.3,74,75
In addition to the hemodynamic stresses of pregnancy,
hormonal changes during and immediately following
pregnancy may also be detrimental from a pathophysiologic standpoint. Anecdotal experience suggests
that even if a woman successfully delivers a term infant,
her pulmonary hypertension may progress during
pregnancy and remain worse after pregnancy.
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Furthermore, there appears to be an increased incidence
of small-for-gestational-age infants born to women with
IPAH,76 as well as an increased incidence of congenital
anomalies.
There are several reports of successful treatment of
pregnant patients with IPAH with chronic IV epoprostenol,77-80 inhaled nitric oxide,81-83 and oral CCBs.73,84 In
general, current management includes early hospitalization for closer monitoring once the fetus is viable,
supportive therapy with cautious fluid management,
supplemental oxygen, diuretics, and dobutamine, as
needed. In addition, the use of a pulmonary artery
catheter for close hemodynamic monitoring may be
helpful.
Recommendations for the optimal mode of delivery
remain controversial; early concerns of high
mortality with cesarean section delivery led to an
emphasis on vaginal delivery, and a series of seven
women with severe pulmonary hypertension who
were successfully delivered by the vaginal route has
been described.85 Successful treatment during
cesarean section delivery has also been reported,
which may partly be due to the changes in the
selection and use of anesthetics.86
In a meta-analysis of the outcome of pulmonary
vascular disease and pregnancy from 1978 through
1996, Weiss and colleagues reported a maternal mortality rate of 36% in Eisenmenger syndrome, 30% in
IPAH, and 56% in associated pulmonary hypertension.72 Similarly, although acknowledging that data on
outcomes are limited, previous guidelines from the
American Heart Association and the American College
of Cardiology recommend that pregnancy be avoided
or terminated in women with cyanotic congenital heart
disease, pulmonary hypertension, and Eisenmenger
syndrome.
Recommendations
75. In patients with PAH, we suggest that pregnancy
be avoided (Grade CB).
Remark: Estrogen-containing contraceptives may
increase the risk of VTE and are not recommended
for women with childbearing potential who have PAH.
Additionally, the ETRA bosentan may decrease
the efficacy of hormonal contraception. Bosentan,
ambrisentan, macitentan and riociguat are contraindicated in pregnancy (category X; evidence of serious fetal
abnormalities) and dual mechanical barrier contraceptive techniques are recommended in female patients of
childbearing age taking these medications.

76. When pregnancy does occur in patients with
PAH, we suggest care at a pulmonary hypertension
center, using a multidisciplinary approach including
the pulmonary hypertension, the high-risk obstetrical and cardiovascular anesthesiology services
(Grade CB).
Altitude and Air Travel

We discourage exposure to high altitude (. about 1,829 m
[6,000 ft] above sea level), as it may produce hypoxic
pulmonary vasoconstriction and further compromise
oxygen transport.87 Supplemental oxygen should be used
to maintain saturations . 91% (although firm parameters
have not been established in PAH). Air travel can be
problematic for patients with PAH, as commercial
aircrafts are typically pressurized to the equivalent of
approximately 8,000 feet above sea level. High-altitude
simulation testing may be useful to more accurately
determine the need for and required rate of supplemental oxygen administration during airflight.88,89
Recommendation
77. In patients with PAH, we suggest that exposure to
high altitude be avoided, and that supplemental
oxygen be used as needed during altitude exposure or
air travel to maintain oxygen saturations . 91%
(Grade CB).
Remark: Patients with borderline oxygen saturations at
sea level may require 3-4 L per minute of supplemental
oxygen under these conditions, and those already using
supplemental oxygen at sea level should increase their
oxygen flow rate on commercial aircraft.
Vaccinations

Because of the potentially devastating effects of respiratory infections, immunization against influenza and
pneumococcal pneumonia is recommended.
Recommendation
78. In patients with PAH, we suggest maintaining
current immunization against influenza and pneumococcal pneumonia (Grade CB).
Surgery

Invasive procedures and surgery can be associated
with increased operative and perioperative risks.90
Patients with severe PAH are particularly prone to
vasovagal events, leading to syncope, cardiopulmonary
arrest, and death. Cardiac output is particularly
dependent upon heart rate in this situation, and the
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bradycardia and systemic vasodilatation accompanying a vasovagal event can result in hypotension.
Heart rate should be monitored during invasive
procedures, with ready availability of an anticholinergic agent. Oversedation can lead to ventilatory
insufficiency and precipitate clinical deterioration.
The induction of anesthesia and intubation can be
particularly problematic for patients with PAH
because it can induce vasovagal events, hypoxemia,
hypercarbia, and shifts in intrathoracic pressureassociated changes in cardiac filling pressures. Caution
should be used with laparoscopic procedures in which
carbon dioxide is used for abdominal insufflation, as
absorption can produce hypercarbia, which is a pulmonary vasoconstrictor. Although itself not usually a
contraindication to surgery, the potential inhibitory
effects of prostanoid drugs on platelet function should
be noted.
Recommendation
79. In patients with PAH, we suggest avoiding nonessential surgery, and when surgery is necessary we
suggest care at a pulmonary hypertension center,
using a multidisciplinary approach including the
pulmonary hypertension team, the surgical service,
and cardiovascular anesthesiology with careful
monitoring and management of clinical status,
oxygenation and hemodynamics postoperatively
(Grade CB).

Conclusions
The options for pharmacotherapy in patients with PAH
include several drug classes and delivery routes. The
choice of therapy should be made by experienced
clinicians and must be based upon an appropriately
established diagnosis and evaluation of the patient’s
disease severity. Available evidence is sufficient to
inform a limited number of strong guideline recommendation statements regarding the effect of a specific
therapy or combination of therapies on select outcomes
in distinct groups of patients defined according to
disease severity. Where current evidence is insufficient
to inform strong guideline recommendations, expert
consensus may provide reasonable advice in evaluating
available data and reasonable therapeutic choices.
Well-designed studies are needed to compare approaches
to therapy in specific groups of patients. As such
information and new therapies become available, a
reassessment of appropriate clinical advice for the
pharmacologic therapy for adult patients with PAH will
be required.
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