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BACKGROUND: Current guidelines recommend intravenous prostacyclin as first-line therapy for
patients with pulmonary arterial hypertension (PAH) in New York Heart Association/World Health
Organization functional class (FC) IV, or combination therapy for patients in any FC who do not
respond to monotherapy. We investigated the aggressiveness of therapy in patients enrolled in the
REVEAL (Registry to Evaluate Early and Long-Term PAH Disease Management) Registry who
deteriorated to FC IV or died.
METHODS: Among 3,515 patients (age Z 18 years) in REVEAL with a mean pulmonary artery
pressure Z 25 mm Hg and pulmonary capillary wedge pressure r 15 mm Hg, we examined three
sub-sets: the 487 patients who had a PAH-related death, the larger set of 908 patients who died from any
cause (PAH-related, not PAH-related, or unknown), and the 294 patients who were FC I, II, or III at
enrollment and later assessed as FC IV.
RESULTS: Among patients who died, 56% (n ¼ 272 of 487) and 43% (n ¼ 391 of 908) were receiving
intravenous prostacyclin before death in the PAH-related death and all-cause death cohorts, respectively.
In the PAH-related death cohort, 60% and 16% of patients were most recently assessed as FC III and IV,
respectively; among those assessed as FC IV within 6 months of death, 57.7% (n ¼ 15 of 26) had
received intravenous prostacyclin. Because many patients died without an observed assessment of
worsening to FC IV, we also evaluated medication use among the cohort of patients who worsened to
FC IV during the study. One day before worsening to FC IV, 150 of 294 patients were not receiving
intravenous prostacyclin and 70 were receiving only PAH-specific monotherapy; of these, 61% and
67%, respectively, received no additional therapy 90 days later.
CONCLUSIONS: Intravenous prostacyclin and combination therapy are not consistently used
in the most seriously ill patients enrolled in REVEAL after being assessed as FC IV or at the time
of death.
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Pulmonary arterial hypertension (PAH) is characterized
by elevated pulmonary artery pressure (PAP) and increased
nternational Society for Heart and Lung
8.010

er, MD, The Pulmonary Center,
72 E Concord St, R-304, Boston,
ax: 617-536-8093.
pulmonary vascular resistance (PVR), frequently resulting
in right ventricular dysfunction and, ultimately, right heart
failure and premature death.1–3 The clinical course of
untreated PAH is progressive deterioration; historically, the
prognosis for patients with untreated PAH has been very
poor, with a mean survival time of 2.8 years from
diagnosis.4 Despite improved disease-specific therapeutic
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options,5–9 some patients progress, while others decline after
initial improvement with medication.1 Therefore, aggressive
monitoring is critical, because patients who remain in New York
Heart Association (NYHA)/World Health Organization
(WHO) functional class (FC) III/IV despite therapy have
poor outcomes.1,10

The past 2 decades have brought remarkable advances in
the development of treatment options that target pathways
implicated in PAH pathogenesis, namely the prostacyclin,
nitric oxide, and endothelin pathways.11,12 These agents,
supported by varying degrees of evidence for their use in
PAH, have been shown to improve patients’ quality of life
and, in some cases, survival.13,14 Oral therapies, such as
phosphodiesterase type-5 (PDE-5) inhibitors15,16 and endo-
thelin receptor antagonists (ERAs)8,17 have been effective in
patients with mild to moderate PAH, whereas intravenous
prostacyclin is the treatment of choice for moderate to
severe PAH.7,9,18,19 Thus, current practice guidelines for the
treatment of PAH propose a treatment algorithm according
to the patient’s risk factors.1,10 Patients considered lower
risk based on clinical assessment can initially be treated with
an oral agent, whereas higher-risk patients, including those
with NYHA/WHO FC IV, should receive intravenous
prostacyclin.1,10

Although many patients with PAH benefit from these
available drug therapies, a sub-set of patients experience
minimal to no improvement after therapy is initiated, and
others may experience clinical deterioration after initial
improvement.20 As such, several studies have suggested that
combining agents that exert their effects on different, yet
complementary, pathophysiologic pathways may provide an
additive or synergistic effect and improved outcome in
patients unsuccessfully managed with a single agent.
Although limited by sample size and lack of long-term
observations, several studies have shown the effectiveness
and safety of different combination therapies.21–26 This
evidence and the chronic and progressive nature of PAH
provide the rationale for current guideline recommendations
regarding the initiation of combination therapy in patients in
any FC who do not respond adequately to monotherapy and
optimized background treatment. The guidelines also
recommend that patients be reassessed every 3 to 6 months
and a new therapy added when treatment goals have not
been met.1,10

The REVEAL (Registry to Evaluate Early and Long-
Term PAH Disease Management) Registry is the largest
multicenter, observational United States-based registry of
patients with PAH established to date.27,28 REVEAL was
designed to provide current information on demo-
graphics, course, and management of patients with group
1 PAH. A primary objective of REVEAL is to character-
ize the clinical features and outcomes of patients with
PAH currently under care at PAH centers.27,28 To gain
insight into the aggressiveness of therapy and adherence
to guideline recommendations for the treatment of
patients in REVEAL with the most severe disease, we
investigated PAH-specific therapy at time of death and at
the time of and after clinical worsening to NYHA/
WHO FC IV.
Methods

Study design

Study design and baseline characteristics of patients enrolled in
REVEAL have been described previously.27,28 Briefly, REVEAL
is a 55-center (university-affiliated and community hospitals)
observational, United States-based study.29 Patients are monitored
for 5 years from the time of enrollment. Each participating center
obtained Institutional Review Board approval before patient
enrollment, and all patients provided informed consent. “Enrollment”
was defined as the date consent was given.

Study population

REVEAL inclusion criteria consist of newly (diagnostic right heart
catheterizationr 3 months of enrollment) and previously (diagnostic
right heart catheterization Z 3 months before enrollment) diagnosed
patients with group 1 PAH at the time of enrollment.30 Hemo-
dynamic parameters confirming PAH included mean PAP (mPAP)
Z 25 mm Hg at rest or left ventricular end-diastolic pressure
(LVEDP) r 18 mm Hg, and PVR Z 240 dynes ∙ sec ∙ cm–5.
REVEAL uses a less restrictive pulmonary capillary wedge pressure
(PCWP) criterion of r 18 mm Hg to be more inclusive of patients
seen in real-world clinical practice.27,28,31 Excluded from current
analyses were patients who were agedr 17 years at enrollment, met
the mPAP entry criteria during exercise, and had a PCWP of 16 to 18
mm Hg at diagnosis, who underwent transplantation or atrial
septostomy, or who were participating in a blinded clinical trial at the
last follow-up before death (Figure 1). REVEAL was initiated before
the issuance of the Fourth World Symposium on PAH and conforms
to the etiology sub-group classifications issued by the Third World
Symposium on Pulmonary Hypertension.29

Analysis design

Medications were categorized into 12 possible combinations of the
following: PDE-5 inhibitors, ERAs, prostacyclin subdivided into
parenteral (intravenous/subcutaneous) and non-parenteral (inhaled/
oral), including a category for “none.” Treatment was investigated
at the first assessment of worsening to NYHA/WHO FC IV; at 90
days, 30 days, and 1 day before worsening assessment; and at 30
and 90 days after worsening assessment. Treatment was also
investigated at the time of death. Sub-sets of patients in FC III and
FC IV who had recent FC assessments (within 6 months before
death) were evaluated separately to rule out treatment decisions
that had been based on patients who had not had a recent
evaluation or who were not in a high-risk group by FC alone.

Statistical analysis

This is a descriptive analysis and does not assess a specific
hypothesis. Although it is not expected that the guidelines would
be followed for 100% of patients, it requires only 1 patient for
whom guidelines are not followed to disprove that they are
monitored 100% of the time. As such, no formal statistical tests
were conducted. Continuous data are summarized as means �
standard deviations, and categoric data are summarized as
percentages where the denominator is the count of patients with
non-missing data for a given variable. Analyses summarizing the
distribution of medication regimens before death were repeated for
the sub-set of deaths categorized as PAH-related.



Figure 1 Study design. An enrollment algorithm for the three analyses is shown, designed to ensure that all patients included in this analysis
met the criteria set forth. (A) The design for the all-cause death cohort and pulmonary arterial hypertension (PAH)-related death cohort is shown.
(B) Design for the cohort with worsening functional class (FC) is shown. Excluded from analyses were patients who were aged o 18 years at
enrollment, had a pulmonary capillary wedge pressure (PCWP) of 16 to 18 mm Hg at diagnosis, met REVEAL (Registry to Evaluate Early and
Long-Term PAH Disease Management) hemodynamic entry criteria during exercise, who received a transplantation or an atrial septostomy, or
who were participating in a blinded clinical trial at last follow-up. RHC, right heart catheterization. *Indicates PAH-related death cohort analysis.
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Results

Patient characteristics

At the data collection end point on September 15, 2011,
3,515 adult (aged Z18 years) patients with PAH had been
enrolled in REVEAL. Of these, 29% were newly diagnosed
and 71% were previously diagnosed. Demographic charac-
teristics of the PAH-related death, all-cause death, and FC
worsening cohorts are reported in Table 1.
PAH-related death cohort

Inclusion criteria and demographic characteristics for the
PAH-related death cohort (n ¼ 487; 73% female) are shown
in Figure 1A and summarized in Table 1, respectively.
Patients were a mean age at enrollment of 56.3 � 14.5 years.
At enrollment, 43% of patients were diagnosed with
idiopathic PAH (IPAH), and the next largest sub-group, at
33%, was patients with PAH associated with connective
tissue disease (CTD; Table 1).

Analysis of the PAH-related death cohort based on time of
the last FC assessment revealed similar characteristics for pati-
ents whose last FC assessment wasr 6 months vs4 6 months
before PAH-related death; however, compared with patients in
the 4 6-month group, patients in the r 6-month group had a
slightly decreased incidence of IPAH (48% vs 42%), obesity
(35% vs 27%), and diabetes (21% vs 15%), and slightly more
CTD (28% vs 36%), respectively (Table 2).

All-cause death cohort

Among 1,077 patients who died, 908 met all of the inclusion
criteria for this analysis and represented the final study
population in the all-cause death cohort (Figure 1A).
Demographic characteristics of these patients were similar
to those reported for the PAH-related death cohort and are
summarized in Table 1 (column A).

FC worsening cohort

At study entry, 2,907 patients were FC I, II, or III. Of these, 294
patients (77% female) were subsequently classified as FC IV and
were defined as the FC worsening cohort (Figure 1B). These
patients were a mean age of 55 � 14.4 years at enrollment.
Consistent with the all-cause death cohort, patients with IPAH
(47%) and CTD (31%) were the largest groups in this cohort.
Newly and previously diagnosed patients represented 23% and
77% of the cohort, respectively (Table 1, column B).

Medication use at time of death

Analysis of PAH-specific medications that patients were
receiving before death in the all-cause death cohort and



Table 1 Demographic Characteristics of Patients Who Died During the REVEAL Assessment Period or Worsened to New York Heart
Association/World Health Organization Functional Class IV

PAH-related death All-cause death FC worsening

Characteristic (n ¼ 487) (n ¼ 908) (n ¼ 294)

Age at enrollment, mean � SD years 56.3 � 14.5 57.5 � 14.4 55.0 � 14.4
Female, n (%) 357 (73.3) 666 (73.3) 227 (77.2)
Group I PH sub-group at enrollment, n (%)

Idiopathic PAH 211 (43.3) 363 (40.0) 138 (46.9)
Associated with PAH
Congenital heart disease 47 (9.7) 70 (7.7) 22 (7.5)
CVD/CTD 162 (33.3) 309 (34.0) 91 (31.0)
Drugs and toxins 15 (3.1) 31 (3.4) 20 (6.8)
Human immunodeficiency virus 4 (0.8) 13 (1.4) 2 (0.7)

Porto-PH 30 (6.2) 84 (9.3) 11 (3.7)
Other 3 (0.6) 8 (0.9) 1 (0.3)

Familial PAH 14 (2.9) 23 (2.5) 7 (2.4)
Peripheral vascular disease 1 (0.2) 7 (0.8) 2 (0.7)
Newly diagnosed, n (%) 131 (26.9) 260 (28.6) 67 (22.8)
Time on study before event, n 487 908 294

Mean � SD days 624.9 � 453.3 643.9 � 462.9 528.2 � 421.1
6MWD at enrollment, n 356 667 243

Mean � SD m 297.8 � 128.3 296.1 � 125.8 310.3 � 117.8
Mean PAP at RHC diagnosis, n 487 908 293

Mean � SD mm Hg 51.3 � 13.3 50.6 � 12.8 50.5 � 12.7
PAOP at RHC diagnosis, n 487 908 293

Mean � SD mm Hg 9.3 � 3.5 9.4 � 3.5 9.5 � 3.4
Mean RAP at RHC diagnosis, n 454 835 273

Mean � SD mm Hg 10.4 � 6.2 10.1 � 6.0 10.3 � 5.9
PVR at RHC diagnosis, n 467 878 285

Mean � SD Wood units 12.0 � 7.9 11.4 � 7.0 11.7 � 8.4
Cardiac index at RHC diagnosis, n 355 666 207

Mean � SD liters/min/m2 2.2 � 0.8 2.3 � 0.8 2.2 � 0.8

6MWD, 6-minute walk distance; CVD/CTD, collagen vascular disease/connective tissue disease; FC, functional class; PAP, pulmonary artery pressure; PAH,
pulmonary arterial hypertension; PAOP, pulmonary artery occlusion pressure; PH, pulmonary hypertension; PVR, pulmonary vascular resistance; RAP, right
arterial pressure; REVEAL, Registry to Evaluate Early and Long-Term PAH Disease Management; RHC, right heart catheterization; SD, standard deviation.
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PAH-related death cohort is shown in Figures 2A and B,
respectively.

PAH-related death cohort

Among the 487 patients who had a PAH-related death during
the study period, 272 (55.9%) were receiving intravenous
prostacyclin as monotherapy or combination therapy before
death, 317 (65.1%) were receiving combination therapy, and
28 (5.7%) were receiving no therapy. At time of death, most
patients were assessed as FC III or IV, with a similar
proportion of patients in both classes. Among the 308 patients
whose FC was assessed within 6 months of death, 135 (43.8%)
were FC IV and 136 (44.2%) were FC III, whereas 1 (0.3%)
was FC I and 36 (11.7%) were FC II. The mean time between
the last FC assessment and death was 1.52 � 1.57 months
(median, 0.95 months) in the FC IV group and 2.36 �1.60
months (median, 2.09 months) in the FC III group. In the FC
IV group, 32.6% of patients (n ¼ 44 of 135) were not
receiving intravenous prostacyclin at time of death, including
nearly 4% who were receiving no medication (Figure 3B).

A total of 36.8% (n ¼ 179 of 487) patients died without
FC assessment within 6 months of death. Among 167 of
these patients, 1.2% (n ¼ 2) were FC I, 23.4% (n ¼39) were
FC II, 59.9% (n ¼ 100) were FC III, and 15.6% (n ¼ 26)
were FC IV at the time of their last FC assessment. Of these
patients, 12 did not have an FC assessment at any time.
Only 57.7% (n ¼ 15 of 26) of the FC IV patients received
intravenous or subcutaneous prostacyclin before death.

All-cause death cohort

Considering all deaths, regardless of cause, 908 patients
died during the study period; 392 (43%) were receiving
intravenous prostacyclin as monotherapy or combination
therapy before death, 520 (57%) were receiving combina-
tion therapy, and 69 (8%) were receiving no therapy. At
the time of death, most patients had been most recently
assessed as FC III. A sensitivity analysis, focusing on FC III
and IV patients and excluding patients who had not had a
recent FC evaluation, was performed to determine if the
percentage was similar. Among the 530 patients whose
FC was assessed within 6 months of death, 259 (49%) were
FC III and 192 (36%) were FC IV, whereas 3 (0.6%)
were FC I and 76 (14.4%) were FC II. The mean time
between the last FC assessment and death was 2.42 � 1.70



Table 2 Demographic Characteristics for Patients in the
Pulmonary Arterial Hypertension-Related Death Cohort

Last FC assessmenta

r 6 months 4 6 months

Characteristic (n ¼ 308) (n ¼ 167)

Age at enrollment,
mean � SD years

56.4 � 14.4 56.0 � 14.6

Female, n (%) 229 (74.4) 118 (70.7)
Group I PH sub-group at
enrollment, n (%)
Idiopathic PAH 129 (41.9) 80 (47.9)
Associated with PAH
Congenital heart disease 31 (10.1) 14 (8.4)
Connective tissue disease 112 (36.4) 47 (28.1)
Porto-PH 16 (5.2) 12 (7.2)
Drugs and toxins 7 (2.3) 7 (4.2)
Human immunodeficiency

virus
2 (0.6) 1 (0.6)

Other 2 (0.6) 1 (0.6)
Familial PAH 8 (2.6) 5 (3.0)

Pulmonary venoocclusive disease 1 (0.3) 0 (0.0)
Comorbid conditions, n (%)

Obesityb 75 (26.5) 54 (35.3)
Sleep apnea 49 (17.4) 41 (26.3)
Thyroid diseasec 74 (24.6) 35 (21.3)
Hypertensiond 120 (39.9) 69 (42.1)
Clinical depressione 77 (25.6) 44 (26.8)
Diabetes 44 (14.6) 35 (21.3)
COPD 42 (14.0) 29 (17.7)

COPD, chronic obstructive pulmonary disease; FC, functional class;
PAH, pulmonary arterial hypertension; SD, standard deviation.

a12 patients did not have a functional class assessment.
bObesity is defined as body mass indexZ 30 kg/m2 using the Clinical

Guidelines on the Identification, Evaluation, and Treatment of Over-
weight and Obesity in Adults: Evidence Report. National Heart, Lung
and Blood Institute, June 1998.

cThyroid disease is defined as patients with hyperthyroidism or
hypothyroidism and/or patients having taken synthetic thyroid
replacement for hypothyroidism.

dHypertension includes patients with the comorbid condition
hypertension and/or patients with a reported use of b blockers as a
concomitant medication.

eClinical depression includes patients with the comorbid condition
clinical depression and/or patients with the reported use of selective
serotonin reuptake inhibitors as a concomitant medication.
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months (median, 2.17 months) in the FC III group and 1.68
� 1.62 months (median, 1.12 months) in the FC IV group.
In the FC IV group, 41% of patients (n ¼ 79 of 192) were
not receiving intravenous prostacyclin at time of death,
including nearly 5% who were receiving no treatment
(Figure 3A).

A total of 41% (n ¼ 378 of 908) of patients died without
FC assessment within 6 months of death. Among 349 of
these patients, 1.4% (n ¼ 5) were FC I, 26% (n ¼ 91) were
FC II, 59.3% (n ¼ 207) were FC III, and 13.2% (n ¼ 46)
were FC IV at the time of their last FC assessment. Of these
patients, 29 did not have an FC assessment at any time.
Only 50% (n ¼ 23 of 46) of the FC IV patients received
intravenous or subcutaneous prostacyclin before death.
Medication use at time of worsening to NYHA/WHO
FC IV

Given the finding that many patients did not have an FC
assessment within 6 months of death, we hypothesized that
if physicians were more proactive about assessing FC,
patients would be more likely to receive intravenous
prostacyclin and/or combination therapy when they need it
most. If this were the case, we would expect a significant
shift toward the use of intravenous prostacyclin and/or
combination therapy in patients who were recently assessed
as having worsened to FC IV. To investigate this hypo-
thesis, we evaluated medication use at 90 days, 30 days, and
1 day before the assessment of worsening FC, and at 30 and
90 days after this assessment. Among the overall cohort who
deteriorated to FC IV, 144 patients (49%) were receiving
monotherapy (n ¼ 17) or combination therapy (n ¼ 127)
that included intravenous prostacyclin 1 day before the
assessment of worsening. Thus, 1 day before worsening to
FC IV, 150 of 294 patients were not receiving intravenous
prostacyclin and 70 were receiving only PAH-specific
monotherapy. Of these, 61% and 67%, respectively, received
no additional therapy 90 days later. At 30 and 90 days after
worsening assessment, 51% and 52% of surviving patients,
respectively, were receiving intravenous prostacyclin.
Discussion

These observations from REVEAL demonstrate that, despite
current guideline recommendations, a substantial number of
patients were not being treated as aggressively as guidelines
suggest with intravenous prostacyclin and/or combination
therapy at time of death and before or after being assessed as
worsening to FC IV. A substantial number of patients were
receiving only monotherapy at time of PAH-related death,
and only 56% were receiving intravenous prostacyclin. The
age-adjusted estimated mortality rate for the general United
States population is 0.8%,32 so many deaths may be PAH-
attributable even if they are not directly PAH-related.
Among all-cause deaths, only 43% were receiving intra-
venous prostacyclins.

In addition to more aggressive treatment to prevent
clinical decline in patients with FC III and IV PAH, current
guidelines recommend that these patients be monitored
more frequently. Yet, results from our analyses demonstrate
that, at time of death, most patients were most recently
assessed as FC III. We theorized that patients would be
more likely to receive intravenous prostacyclin and/or
combination therapy if physicians were more proactive
about assessing FC; however, this proved to be incorrect.

These findings raise concerns that substantial gaps still
exist in the management of patients with more advanced
disease: intravenous prostacyclin and combination therapy
are not consistently used in patients with FC III/IV PAH.

Several explanations may be offered for the apparent lack of
guideline adherence. Clinicians may not be sufficiently aware
of the severity or progression of disease because patient follow-
up is too infrequent to assess disease progression or because



Figure 2 Medication use at time of death—overall. Pulmonary arterial hypertension (PAH)-specific therapy at time of death in (A) the
all-cause death cohort (n ¼ 908) and (B) the PAH-related death cohort (n ¼ 487). The percentages of patients taking monotherapy plus those
receiving no therapy almost total the percentage of patients taking prostanoid therapy in the all-cause death cohort, whereas a comparatively
greater percentage of patients were taking prostanoid therapy in the PAH-related death cohort. Red, no therapy; grey, monotherapy; blue,
dual therapy; and orange, triple therapy. ERA, endothelin receptor antagonist; inh, inhaled; IV/SC, intravenous/subcutaneous; PDE-5i,
phosphodiesterase type-5 inhibitor; PGI2, prostacyclin.
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clinicians are not attaching enough significance to indicators of
poor prognosis. Another explanation may be that patients and/
or clinicians are unwilling or unable to apply complex therapy
or that they do not believe that intravenous prostacyclin is more
efficacious than other drugs at late stages of disease. Physicians
may also make a conscious decision to avoid “heroic” therapy
in some patients, such as elderly patients, patients with
comorbid diseases, or patients seeking comfort care only. Lack
of patient acceptance, lack of referral, and physician bias,
especially when discussing options with the patient, may all be
other explanations. Alternatively, appropriate therapy may have
been attempted but was stopped due to lack of tolerance or
efficacy or the patient’s lack of medical coverage. Indeed, our
data indicate that 65 of the patients who were not receiving an
intravenous prostacyclin at time of death had previously
received intravenous therapy but stopped before death.

Prostacyclins are well-established across guidelines as
the gold standard of treatment for PAH and “rescue therapy”
for the deteriorating patient.33 Because of the very high
short-term mortality in patients with FC IV PAH, it has
become standard practice to use the most potent therapy
available in this population.33 Numerous clinical studies
have investigated the potential benefits of continuous
intravenous prostacyclin (epoprostenol) and, although
limited by the relatively small number of patients enrolled,
have all shown a dramatic effect of this treatment in patients
with moderate to severe PAH9 or in patients with moderate
to severe PAH secondary to scleroderma.19 Furthermore,



Figure 3 Medication use in patients with functional class (FC) IV assessed within the last 6 months before death. Pulmonary arterial
hypertension (PAH)-specific therapy in patients who had an FC assessment within the last 6 months before death (A) in the all-cause death
cohort (n ¼ 192) and (B) in the PAH-related death cohort (n ¼ 135). Excluded from analyses were patients who were aged r 17 years at
enrollment, had a pulmonary capillary wedge pressure of 16 to 18 mm Hg at diagnosis, met REVEAL (Registry to Evaluate Early and Long-
Term PAH Disease Management) hemodynamic entry criteria during exercise, received a transplantation or an atrial septostomy, or were
participating in a blinded clinical trial at last follow-up before death. Red, no therapy; grey, monotherapy; blue, dual therapy; and orange,
triple therapy. ERA, endothelin receptor antagonist; inh, inhaled; IV/SC, intravenous/subcutaneous; PDE-5i, phosphodiesterase type-5
inhibitor; PGI2, prostacyclin.
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significant improvements in survival have been reported
with long-term continuous intravenous prostacyclin therapy
compared with historical controls.13,34,35

Prostacyclins also play an important role in combination
therapy, such as when a patient’s condition has deteriorated
after monotherapy with other agents.36 Although most
studies are limited by the relatively small numbers of
patients enrolled, addition of agents with different mecha-
nisms of action or alternate delivery routes has suggested
improvement in exercise capacity, FC, hemodynamic
measurements, and time to clinical worsening.21,22,24,37–39
This study has some limitations. The primary limitation
of these analyses is that we evaluated medication use
knowing which patients died. At the time a treatment
decision is made, it cannot be known who will die, who will
live, and who will benefit most from a change in therapy.
Thus, this cannot be an analysis of efficacy but rather is an
analysis in which the efficacy of certain therapies is
presumed based on prior clinical trials and guideline
recommendations.

In addition, deterioration can occur quickly in PAH;
therefore, we do not know whether there was a plan for
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some patients to begin therapy soon at the time of their
death. We only know that they were not on therapy at time
of death. Furthermore, we do not have any information on
the reasons that medications were not administered, inclu-
ding past treatment failures on prostacyclins. Also of
importance, we cannot know with certainty the respective
roles of physicians and patients in these therapeutic deci-
sions or what role, if any, insurance coverage could have
played in the decisions. These are all areas of intense interest
with potentially important clinical implications; further
information and investigations concerning these observa-
tions are warranted.

In conclusion, despite guideline recommendations re-
garding the treatment of patients with PAH with the most
severe disease, and despite the body of evidence regarding
benefits of intravenous prostacyclin and/or combination
therapy in these patients, intravenous prostacyclin and
combination therapy are not consistently used in patients
enrolled in REVEAL at the time of or after FC IV
assessment. Importantly, intravenous prostacyclin therapy
is not frequently used in patients with FC IV PAH before
their death.
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