Journal of the American College of Cardiology
 2013 by the American College of Cardiology Foundation
Published by Elsevier Inc.

Vol. 62, No. 25, Suppl D, 2013
ISSN 0735-1097/$36.00
http://dx.doi.org/10.1016/j.jacc.2013.10.034

Treatment Goals of Pulmonary Hypertension
Vallerie V. McLaughlin, MD,* Sean Patrick Gaine, MD, PHD,y Luke S. Howard, DPHIL,z
Hanno H. Leuchte, MD,x Michael A. Mathier, MD,k Sanjay Mehta, MD,{
Massimillano Palazzini, MD,# Myung H. Park, MD,** Victor F. Tapson, MD,yy
Olivier Sitbon, MD, PHDzz
Ann Arbor, Michigan; Dublin, Ireland; London, United Kingdom; Munich, Germany;
Pittsburgh, Pennsylvania; London, Ontario, Canada; Bologna, Italy; Baltimore, Maryland;
Durham, North Carolina; and Le Kremlin-Bicêtre, France
With signiﬁcant therapeutic advances in the ﬁeld of pulmonary arterial hypertension, the need to identify clinically
relevant treatment goals that correlate with long-term outcome has emerged as 1 of the most critical tasks. Current
goals include achieving modiﬁed New York Heart Association functional class I or II, 6-min walk distance >380 m,
normalization of right ventricular size and function on echocardiograph, a decreasing or normalization of B-type
natriuretic peptide (BNP), and hemodynamics with right atrial pressure <8 mm Hg and cardiac index >2.5 mg/kg/
min2. However, to more effectively prognosticate in the current era of complex treatments, it is becoming clear that
the “bar” needs to be set higher, with more robust and clearer delineations aimed at parameters that correlate with
long-term outcome; namely, exercise capacity and right heart function. Speciﬁcally, tests that accurately and
noninvasively determine right ventricular function, such as cardiac magnetic resonance imaging and BNP/N-terminal
pro–B-type natriuretic peptide, are emerging as promising indicators to serve as baseline predictors and treatment
targets. Furthermore, studies focusing on outcomes have shown that no single test can reliably serve as a long-term
prognostic marker and that composite treatment goals are more predictive of long-term outcome. It has been
proposed that treatment goals be revised to include the following: modiﬁed New York Heart Association functional
class I or II, 6-min walk distance 380 to 440 m, cardiopulmonary exercise test–measured peak oxygen
consumption >15 ml/min/kg and ventilatory equivalent for carbon dioxide <45 l/min/l/min, BNP level toward
“normal,” echocardiograph and/or cardiac magnetic resonance imaging demonstrating normal/near-normal
right ventricular size and function, and hemodynamics showing normalization of right ventricular function with right
atrial pressure <8 mm Hg and cardiac index >2.5 to 3.0 l/min/m2. (J Am Coll Cardiol 2013;62:D73–81)
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As the ﬁeld of pulmonary arterial hypertension (PAH) has
matured, there has been a shift in our focus from short-term
functional changes to improvements in long-term outcomes.

Lessons from the past 2 decades provide the basis for
deﬁning important treatment goals in the hope of improving
long-term survival. Indeed, the quest for clinically relevant
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area. The French Registry characterized survival and important prognostic indicators in patients with idiopathic,
familial, and anorexigen-induced PAH. The registry
demonstrated that the survival of this cohort of PAH
patients has improved compared with the predicted
survival on the basis of the NIH registry, although it is
still suboptimal, with 1-, 2-, and 3-year survival of 85.7%,
69.5%, and 54.9%, respectively, for incident cases (3).
Important predictors of survival included sex, FC, exercise
tolerance as measured by using the 6MWD, and hemodynamics, speciﬁcally RAP and cardiac output. Similarly,
in the large, U.S.-based REVEAL (Registry to Evaluate
Early and Long-Term Pulmonary Arterial Hypertension
Disease Management) registry, key predictors of outcome
included etiology of PAH, FC, sex, exercise tolerance,
and hemodynamics that reﬂect right ventricular (RV)
function (4).
Modiﬁed New York Heart Association
Functional Class
Baseline FC is an important correlate and predictor of
survival. This assertion has been found in single-center
cohorts from many countries, the ﬁrst U.S. NIH registry of
idiopathic pulmonary arterial hypertension (IPAH) patients,
and, most recently, conﬁrmed in the REVEAL registry,
which enrolled 2,716 PAH patients of all subtypes (4). It
should be recognized that some studies have found no
association between FC and survival, and in other studies,
FC was found to correlate with survival in univariate analyses,
but this association was lost in multivariate analyses (1,5–8).
During the follow-up assessment of treated PAH
patients, repeated assessment of FC provides important
information regarding the severity of PAH and the response
to therapy, as well as the prognosis for survival. After
institution of effective PAH therapy, clinical improvement
from initial FC III/IV to FC II is associated with improved
prognosis.
There are limitations to the clinical use of modiﬁed New
York Heart Association (NYHA) FC, including poor
interobserver reliability and effects of demographic characteristics (e.g., age, sex, ethnicity) (9). Nevertheless, modiﬁed
NYHA FC is a simple, reproducible, and clinically important assessment tool and prognostic measure in PAH
patients, both at the time of diagnosis and at follow-up
during PAH treatment.
6-Min Walk Distance Test
The 6MWD is a simple, noninvasive test that is inexpensive, reproducible, and well tolerated in patients
with PAH. Initial studies have shown signiﬁcant correlations between the baseline 6MWD and hemodynamic
parameters, as well as survival (10). Furthermore, the
6MWD has been used as the primary endpoint for almost
all pivotal clinical trials of PAH treatments, and it is

JACC Vol. 62, No. 25, Suppl D, 2013
December 24, 2013:D73–81

Table 1

Variables Used in Clinical Practice to Determine
Response to Therapy and Prognosis in Patients
With PAH

Functional class
I or II
Echocardiography/CMR
Normal/near-normal RV size and function
Hemodynamics
Normalization of RV function (RAP <8 mm Hg and CI >2.5 to 3.0 l/min/m2)
6-min walk distance
>380 to 440 m; may not be aggressive enough in young individuals
Cardiopulmonary exercise testing
Peak VO2 >15 ml/min/kg and EqCO2 <45 l/min/l/min
B-type natriuretic peptide level
Normal
CI ¼ cardiac index; CMR ¼ cardiac magnetic resonance; EqCO2 ¼ ventilatory equivalent for carbon
dioxide; PAH ¼ pulmonary arterial hypertension; RAP ¼ right atrial pressure; RV ¼ right ventricular;
VO2 ¼ peak oxygen consumption.

viewed by regulatory agencies as an acceptable surrogate
endpoint because it has been shown to serve as a useful
marker of treatment outcome during the pre-deﬁned trial
durations (11).
The 6MWD is widely used by clinicians as an integral
component for assessing prognosis at baseline and treatment effect at follow-up. However, there are many
limitations to 6MWD, including the learning effect, dayto-day variation, and impact of demographic characteristics and comorbidities. A meta-analysis recently reported
on the usefulness of 6MWD in determining outcome in
PAH. Savarese et al. (12) evaluated the results in 3,112
patients from 22 clinical trials, and they concluded that
pharmacological treatments resulted in signiﬁcant reduction of all-cause death, hospitalization for PAH, transplant, initiation of rescue therapy, and composite outcome,
but the favorable effects on clinical events were not predicted by changes in 6MWD.
The other weakness of 6MWD relates to the difﬁculty
in assessing what is a true meaningful difference in walk
distance, beyond achieving statistical signiﬁcance. An
example of this is the “ceiling effect,” which refers to the lack
of sensitivity to detect changes with treatment in patients
with early stage PAH and relatively high 6MWD at baseline. A similar limitation is shown by the inability to detect
meaningful changes in 6MWD with the use of combination
treatment as add-on therapy (13–15). Gabler et al. (16)
investigated whether changes in 6MWD in the 12-week
treatment period correlated with clinical events. The
authors reported ﬁndings from the pooled analysis that the
change in 6MWD accounted for only 22.1% of the treatment effect; the average difference in 6MWD across the
trials was 22.4 m, and the signiﬁcant threshold effect was
calculated to be 41.8 m. Thus, the study concluded that the
change in 6MWD does not explain a large proportion of the
treatment effect and that, as a surrogate endpoint for clinical
events, it can claim only a modest validity. Mathai et al. (17)
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performed a study to determine the minimal important
difference from analyzing the 6MWD results of the tadalaﬁl
clinical trial. From their analysis using both distributional
and anchor-based methods, the estimated minimal important difference in the 6MWD for PAH patients is
approximately 33 meters. The results of the 2 studies suggest
that the differences in the 6MWD seen in the recent
combination trials may not indicate clinically meaningful
changes.
There remain several relevant important questions in
using 6MWD. These questions include which distance
best correlates with exercise capacity and right heart
function, and whether this should be measured as an
absolute value of 6MWD that is associated with improved
survival in PAH (e.g., >380 m, as suggested from Sitbon
et al. [18], or >440 m, as shown by the REVEAL
registry [4]). Also, should the distance be assessed based
on percent predicted according to patient parameters (i.e.,
age, sex, height) (19)? Another question that remains to
be answered is how improvement(s) in distance translate
into meaningful change in quality of life or survival.
There is evidence to suggest that incorporating other
measurements obtained during the test, such as heart rate
recovery time, may enhance the usefulness in interpreting
6MWD (20).
The current treatment goal for 6MWD is >380 m.
However, we propose to increase this to 380 to 440 m; for
some patients, using percent predicted may better reﬂect an
appropriate goal of therapy.
Cardiopulmonary Exercise Testing
Cardiopulmonary exercise testing provides an integrative
approach to assessing cardiac function, gas exchange, and
muscular physiology. Peak oxygen consumption has been
shown to be predictive of survival in PH, with 3 studies
providing cutoff values of 10.4 ml/min/kg (21), 11.5 ml/
min/kg (22), and 13.2 (23) ml/min/kg below which
mortality is increased, as well as being established as
a prognostic marker in other conditions, such as heart
failure (24).
The development of a right-to-left shunt on exercise has
been shown to be signiﬁcantly and strongly associated with
worse survival; in patients without a shunt, in FC III/IV,
ventilatory equivalent for carbon dioxide (EqCO2) at an
anaerobic threshold <40 l/min/l/min was associated with
excellent survival (25).
Peak oxygen consumption has been suggested as a goal
of therapy, with <10 ml/min/kg indicating poor prognosis
and a need to escalate treatment and with >15 ml/min/kg
indicating better prognosis. In young patients, this may
be a limited approach, and percent predicted peak oxygen
consumption may provide a better indication in this
group (26); this theory requires further evaluation. EqCO2
is less age-dependent, and values <45 l/min/l/min and
>55 l/min/l/min would seem appropriate goals/warning
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Table 2

Variables Used in Clinical Practice to Determine
Response to Therapy and Prognosis in Patients With
Pulmonary Arterial Hypertension
Prognostic
Implications
at Baseline
(Ref. #)

Prognostic
Implications
at Follow-Up
(Ref. #)

(2,4,9,10)

(2,9,10)

Comments

Exercise tolerance
NYHA FC
6MWD
Peak VO2

(2–4,10,61)
(24)

Hemodynamics
RAP
PAPm
PVR

(2,9,10,24,40,50,61,62)

(9)

(1,4)
(24)

(9)

CO/CI

(2,3,9,24,40,50,61)

(2,9)

SvO2

(2,24,64)

(2,64)

In some
studies,
higher
PAPm was
associated
with better
survival
(10,63)

Echocardiographic
variables
TAPSE

(40)

RV strain

(65)

RA area
Pericardial
effusion

(40)
(4,40)

Biomarkers
BNP/NT-proBNP

(2,4,5,62)

Troponin

(62)

Uric acid

(24,67,68)

CRP

(69)

PaCO2

(61)

(2,5,66)

(61)

MRI parameters
SV index

(8)

RVEDVI

(8)

LVEDV

(8)

RVEF

(44)

RVAC

(44)
(70)

BNP ¼ B-type natriuretic peptide; CI ¼ cardiac index; CO ¼ cardiac output; CRP ¼ C-reactive
protein; LVEDV ¼ left ventricular end-diastolic volume; MRI ¼ magnetic resonance imaging; NYHA
FC ¼ New York Heart Association functional class; NT-proBNP ¼ N-terminal pro–B-type natriuretic
peptide; 6MWD ¼ 6-min walk distance; PaCO2 ¼ partial arterial pressure of carbon dioxide;
PAPm ¼ mean pulmonary artery pressure; PVR ¼ pulmonary vascular resistance; RA ¼ right atrial;
RAP ¼ right atrial pressure; RVEDVI ¼ right ventricular end-diastolic volume index; RVEF ¼ right
ventricular ejection fraction; RVFAC ¼ right ventricular fractional area change; SV ¼ stroke volume;
SvO2 ¼ mixed venous oxygen saturation; TAPSE ¼ tricuspid annular plane systolic excursion; VO2 ¼
oxygen consumption.

signs for evaluation of the exercise response in relation to
treatment and prognosis. The presence of a right-to-left
shunt opening on exercise should be regarded as an
ominous sign.

relevance of B-type natriuretic peptide (BNP) has been
demonstrated in outcome studies and as a secondary
endpoint in some PAH treatment trials.
Current guidelines suggest a “normal” BNP level as
a potential treatment goal. Therefore, it has to be taken into
account that both BNP and N-terminal pro–B-type natriuretic peptide (NT-proBNP) are age- and sex-dependent,
leading to higher normal values (especially with age). Individual normal values are given by the manufacturer. An
attempt to individualize BNP values has been suggested by
dividing the measured BNP values by the age- and sexspeciﬁc normal values. This BNP ratio would be increased
whenever >1 (27,28).
BNP levels have been shown to parallel hemodynamic
and functional responses to PAH therapies in most clinical
trials. Recent data support the hypothesis that the change
in NT-proBNP levels carries prognostic information.
Independently of baseline values, follow-up NT-proBNP
levels <1,800 pg/ml indicated better survival in a cohort
of 84 PAH patients in the current treatment era (2).
An open question remains the position of BNP in the
rank order of various therapy goals. When the goal-oriented
therapy approach was initially proposed for IPAH, natriuretic peptides (as many others) were not included as
therapy goals (29). However, because RV failure is the main
cause of death in IPAH, it seems reasonable to have an
observer- and effort-independent, broadly available parameter of RV dysfunction as a main therapeutic goal. An
attempt could be made when treatment of PAH is initiated
to reach the “lowest possible” or “personal best” BNP and/or
NT-proBNP. Comparable attempts have been made in
congestive heart failure. In this context, a meta-analysis
found that usage of cardiac peptides to guide pharmacological therapy signiﬁcantly reduced mortality and heart
failure–related hospitalization in patients with chronic heart
failure (30). There is no evidence that such an approach
would work in PAH, however, and it is questionable if
a study size comparable to that used in congestive heart
failure could be achieved in this rare condition. However, as
mentioned, on the basis of the parallel development of
hemodynamics and BNP/NT-proBNP levels (31) and the
prognostic value of the change and follow-up values
of BNP/NT-proBNP levels (2,5), as well as on the experience from other disease states, this approach has some
justiﬁcation.
Echocardiography

Biomarkers
Research on biomarkers has tremendously increased the
understanding of different pathophysiological processes of
PAH, including pulmonary vascular disease (e.g., endothelial dysfunction, in situ thrombosis, oxidative stress), RV
dysfunction, and end-organ failure (e.g., renal failure).
However, only a small minority of the investigated parameters have been shown to be clinically relevant. The
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Echocardiography is widely used as an initial diagnostic
test to conﬁrm the presence of PH and/or RV abnormalities in patients suspected clinically to have PH. However,
its use as a tool to provide prognostic information is based
on a relatively small amount of data, speciﬁcally regarding
echocardiographic assessments of RV function, which is
the key determinant of outcome. The Tei index, although
it has been shown to be predictive of outcome, is not as

JACC Vol. 62, No. 25, Suppl D, 2013
December 24, 2013:D73–81

reliable because it is affected by loading conditions and
degree of tricuspid regurgitation (32). The other parameter
of RV function that reportedly correlates with survival is
measurement of tricuspid annular plane systolic excursion,
recently shown to be predictive of survival in patients with
PAH-associated scleroderma; these ﬁndings need further
study for conﬁrmation (33,34). Right atrial and ventricular
enlargement and the eccentricity index have also been
shown to correlate with outcome among patients with
IPAH (6). The right atrial area at baseline seems to be 1
of the most robust echocardiographic determinants of
outcome, but it is unclear whether this variable is also
useful for guiding treatment decisions during follow-up
(6,35). Furthermore, presence of a pericardial effusion to
any extent has been shown to be a strong predictor of
mortality (36).
The major limitations in using echocardiographic
parameters for prognostic assessments, especially as a followup marker to guide treatment, relate to the lack of consistent
method of reporting the RV size and function and the
technical difﬁculties in obtaining reproducible right-sided
chamber measurements. There is also variability stemming
from differing skill levels of the technician performing
the test. Furthermore, there is no consensus deﬁning the
severity of PH as assessed by echocardiographic estimates
of RV systolic pressure that correlates with right heart
catheterization–derived parameters.
We recommend maintaining the current recommendations regarding echocardiographic goals of treatment,
speciﬁcally normal/near-normal RV size and function. The
need to further deﬁne and conﬁrm reliable quantitative
measurements that can be measured, which reﬂect RV
function (i.e., tricuspid annular plane systolic excursion, RA
size) require further study.
Cardiac Magnetic Resonance
Cardiac magnetic resonance (CMR) is the gold standard for
the investigation of right heart structure and volumes (37).
Given that right heart function is accepted as the main
determinant of survival in PAH, this modality would be
expected to provide reliable information regarding prognosis; however, few studies are available that have assessed
this variable’s role in predicting survival (8,38,39). In
response to chronic PH, the right ventricle hypertrophies
and dilates with reducing function and stroke volume. The
interventricular septum bows in to the left ventricle in
diastole and systole. Commensurate with this action, right
ventricular end-diastolic volume index (RVEDVI) <84 ml/m2,
left ventricular end-diastolic volume index >40 ml/m2, and
a stroke volume index >25 ml/m2 are associated with better
survival in patients with IPAH (8). RVEDVI was
also shown to be an independent predictor of mortality
by another group of researchers, but the number of events
was too small to generate a threshold value for worse survival (39). However, according to the study by van
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Wolferen et al., there were no deaths in patients with
RVEDVI <84 ml/m2. Furthermore, RV mass index <59 g/m2
showed a trend toward better survival in IPAH, and in
a cohort of patients with suspected scleroderma PAH, the
ratio of RV to left ventricular end-diastolic mass >0.7
predicted worse survival (40). Ejection fraction has also
been assessed and a value <35% shown to be predictive of
mortality (38). Importantly, even in patients with falling
pulmonary vascular resistance, a decrease in ejection fraction
was signiﬁcantly associated with worse prognosis. Pulmonary artery stiffness increases afterload on the right ventricle
and, when measured by using the relative pulmonary artery
area change throughout the cardiac cycle, has also been
associated with increased mortality (41,42).
Although CMR seems to hold promise for evaluation and
follow-up of patients with PH, data are currently limited. It
is not in widespread use for serial follow-up of patients with
PH, and its main role currently resides in baseline diagnosis.
It should not be assumed that myocardial indices are
conserved across the different PH classiﬁcations, and further
evaluation is required before it is considered part of routine
clinical use.
Hemodynamic Parameters
Hemodynamic parameters are considered to be the gold
standard indices of outcome in PAH. The NIH registry
demonstrated that increased mean PAP, increased mean
RAP, and decreased CI were associated with an increased
mortality (1). Since then, hemodynamics (speciﬁcally, RA
pressure, CI, and mixed-venous oxygen saturation [SvO2]
but not mean PAP) have been conﬁrmed in numerous
studies as robust independent prognostic factors (4,43,44).
However, there are several caveats and limitations in using
hemodynamic parameters to assess prognosis. First, as PAH
progresses and the right ventricle dilates and fails, the mean
PAP declines, which is why survival estimates use mean
RAP and CI in the equations. Obtaining hemodynamic
measurements require an invasive procedure that is not
widely available, and the associated risks, albeit small in
experienced centers, limit the ability to obtain follow-up or
serial hemodynamic parameters on treatment. Hemodynamic measurements also illustrate the physiological state at
a single time point at rest, in a supine position, which does
not account for changes associated with activity. Although
exercise-related hemodynamic effects are currently undergoing active research, there is no consensus regarding the
method of performing exercise right heart catheterization or
interpretation of the hemodynamic effects of exercise in
PAH. Furthermore, the effects of systemic processes such as
anxiety, hypertension, and sedation can markedly affect the
parameters.
The current recommendation advises normalization
of RV function for treatment goal, which is deﬁned as
RAP <8 mm Hg and CI >2.5 l/min/m2. There is a
proposal to increase the CI to >3.0 l/min/m2, and the
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discussions include the following points. First, there is no
strong evidence for the current recommendation of CI >2.5
l/min/m2 as a hemodynamic goal; it was derived mainly
from studies evaluating patients with left heart failure. The
deﬁnition of normal CI for healthy subjects varies widely
in the literature, from 2.4 to 4.2 l/min/m2, depending on
the sources cited (44–47). There are no direct data from
PAH patients to guide this recommendation. The opinions
in favor of this measure are based on the fact that we need to
establish more ambitious goals in PAH, with clear mandates to “raise the bar” with the common goal of improving
outcome. Clearly, there are patients who have improved
symptoms and exercise capacity with treatments that result
from an increase in cardiac outputs. Thus, given the lack of
evidence supporting 2.5 l/min/m2 as the best goal, the
question is whether to increase the recommended CI to 3.0
l/min/m2. The concerns raised from the panel members
regarding this change include that there is no evidence
that just raising the CI limit translates into better outcome,
and that some physicians may feel compelled to augment
treatments and/or increase doses just to reach the 3.0 l/min/
m2 target, with more risk to patients. Furthermore, from
a physiological standpoint, there is a potential to increase
the workload of the right ventricle in inappropriate settings
and the possibility of incurring damaging effects to the RV
myocardium from detrimental effects of increased catecholamine release.
Given the lack of data regarding the optimal CI in the
PAH population, there seems to be support to recommend
that the target CI as a hemodynamic treatment goal be
adjusted for the individual patient to >2.5 to 3.0 l/min/m2.
The CI is just 1 measure in the evaluation process, however,
and it must be interpreted in the context of all other
hemodynamic variables as well as clinical parameters.
Current Status of Prognostic Predictors in PAH
Recently, Nickel et al. (2) reported a systemic evaluation of
prognostic markers at baseline and follow-up in a series of
patients with IPAH. They identiﬁed 4 variables that were
independently associated with survival at baseline as well
as at follow-up: NYHA FC, NT-proBNP, CI, and
SvO2. NYHA FC I and II, NT-proBNP <1,800 ng/l,
CI 2.5l/min/m2, and SvO2 65% during follow-up were
associated with a better survival. Of note, the follow-up
assessments were found to be better outcome predictors
than the baseline evaluations; in fact, the outcome was
almost entirely determined by the variables obtained at
follow-up rather than by using the baseline measurements.
Thus, both baseline and follow-up assessments are important when assessing the risk of patients with PAH. The
baseline evaluation will determine disease severity at
presentation, providing important information for choosing
the initial therapy. Follow-up assessments are crucial for
assessing the response to treatment, and they seem to
provide a more reliable prognostic estimation than the
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baseline evaluation. Table 1 summaries the variables used in
clinical practice to determine response to therapy and
progress in patients with PAH.
Notably, use of 1 parameter is not sufﬁcient to reﬂect the
status of RV function; multiple variables must be interpreted in the context of each individual patient. A proposal
to rank the parameters has been suggested, with prioritization of markers (i.e., objective parameters such as
hemodynamics ranked ﬁrst/highest or categorize variables
into major versus minor criteria); this proposal warrants
further consideration, but current data are insufﬁcient to
validate such a ranking system. Table 2 reviews the clinical
observations on speciﬁc variables.
Risk scores and prognostic equations have served as
useful predictors of survival on a population basis, but
currently, none has been adequately studied or validated as
a goal of therapy. How an individual’s change in score
reﬂects that individual’s subsequent prognosis has not yet
been adequately studied. In addition, some risk scores
(e.g., REVEAL) include a number of variables that cannot
change, even when the response to therapy is favorable
(i.e., age, sex, etiology). We advocate for a multiparameter
approach to treatment goals and hope that data from large
registries may aide in developing a scoring system that
can be used to assess response to therapy, and to establish
goals of therapy using the modiﬁable parameters as
variables.
Are Treatment Goals Different in
Different PAH Subgroups?
PAH is a heterogeneous group of diseases with numerous
subgroups deﬁned according to associated or causative
conditions. Common examples include PAH related to
connective tissue disease, including PAH related to scleroderma (SSc-PAH) and systemic lupus erythematosus
(SLE-PAH); PAH related to congenital heart disease
(CHD-PAH); PAH related to human immunodeﬁciency
virus infection (HIV-PAH); and PAH related to portal
hypertension (PoPH). It is relevant to ask whether treatment goals should differ for these various subgroups.
The paucity of published data addressing this question
makes it impossible to provide clear answers in most cases.
Although the prognosis for patients with SSc-PAH
remains poor, it has improved, as shown in recent reports
(48–50). The current treatment goals for patients with SScPAH are not well deﬁned and are generally similar to those
used in other types of PAH. However, functional goals (e.g.,
FC, 6MWD) and biomarkers (e.g., BNP) may be unreliable
in SSc-PAH because of the systemic nature of scleroderma
(51,52). Given the poor prognosis in SSc-PAH, it is
important to explore whether more aggressive treatment
goals will result in improved outcomes in the future. Outcomes for patients with SLE-PAH seem to be better than
those for SSc-PAH patients (48). Intensive immunosuppression may enhance the beneﬁt of PAH-speciﬁc
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therapies in SLE-PAH and improve outcomes (53). Thus,
optimal treatment of inﬂammation can be considered a
unique treatment goal in SLE-PAH.
Patients with CHD-PAH have a better prognosis than
other subgroups (54), and bosentan was shown to be safe
and effective in a study performed speciﬁcally in this population (55). Patients with HIV-PAH have a worse prognosis than other subgroups, although outcomes have
improved (56). There are no data currently to suggest that
treatment goals in CHD-PAH or HIV-PAH should differ
from those in other PAH subgroups.
Patients with PoPH have a worse prognosis than other
subgroups of PAH (57), although more favorable outcomes
have been reported (58), likely related to less severe liver
disease in this cohort. Treatment goals in selected patients
with PoPH may focus more on invasive hemodynamics
because the achievement of speciﬁc PAP and pulmonary
vascular resistance goals can allow for successful liver
transplantation (59).
There are few data to suggest that treatment goals should
differ for different PAH subgroups. Exceptions include the
limited utility of functional and biomarker goals in SScPAH and the primacy of hemodynamic goals in patients
with PoPH being considered for liver transplantation.
Conclusions
Although the primarily observational studies discussed here
do not allow for deﬁnitive conclusions, reasonable goals of
therapy include the following: 1) modiﬁed NYHA FC I or
II; 2) echocardiography/CMR of normal/near-normal RV
size and function; 3) hemodynamic parameters showing
normalization of RV function (RAP <8 mm Hg and CI
>2.5 to 3.0 l/min/m2); 4) 6MWD of >380 to 440 m
(which may not be aggressive enough); 5) cardiopulmonary
exercise testing, including peak oxygen consumption >15
ml/min/kg and EqCO2 <45 l/min/l/min; and 6) normal
BNP levels.
Patients who achieve these goals, no matter which
speciﬁc therapy or approach is used, seem to have a better
prognosis than those who do not. A more aggressive
approach to goal-oriented therapy may help us shift the
survival curves farther to the right. Despite the many
observations that support attainment of such goals, many
patients followed up today fall far short of these targets.
For example, approximately 60% of FC III patients and
50% of FC IV patients in the REVEAL registry are not
being treated with a prostacyclin, despite their not being
at the goal FC level of I or II (60). Both patient and physician reluctance to proceed to the most aggressive therapy
are contributing factors.
Survival in PAH has improved over recent years, but
outcomes are still suboptimal. Reasonable therapeutic goals
that primarily reﬂect RV function have been established.
Achieving such goals with optimal application of our current
therapies and further development of novel therapies may
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improve long-term outcomes in patients with this previously
fatal disease.
Reprint requests and correspondence: Dr. Vallerie V.
McLaughlin, Department of Internal Medicine, University of
Michigan Health System, 1500 East Medical Center Drive, SPC
5853, Ann Arbor, Michigan 48109-5853. E-mail: vmclaugh@
umich.edu.

REFERENCES

1. D’Alonzo GE, Barst RJ, Ayres SM, et al. Survival in patients with
primary pulmonary hypertension. Results from a national prospective
registry. Ann Intern Med 1991;115:343–9.
2. Nickel N, Golpon H, Greer M, et al. The prognostic impact of followup assessments in patients with idiopathic pulmonary arterial hypertension. Eur Respir J 2012;39:589–96.
3. Humbert M, Sitbon O, Chaouat A, et al. Survival in patients with idiopathic, familial, and anorexigen-associated pulmonary arterial hypertension in the modern management era. Circulation 2010;122:156–63.
4. Benza RL, Miller DP, Gomberg-Maitland M, et al. Predicting survival
in pulmonary arterial hypertension: insights from the Registry to
Evaluate Early and Long-Term Pulmonary Arterial Hypertension
Disease Management (REVEAL). Circulation 2010;122:164–72.
5. Nagaya N, Nishikimi T, Uematsu M, et al. Plasma brain natriuretic
peptide as a prognostic indicator in patients with primary pulmonary
hypertension. Circulation 2000;102:865–70.
6. Raymond RJ, Hinderliter AL, Willis PW, et al. Echocardiographic
predictors of adverse outcomes in primary pulmonary hypertension.
J Am Coll Cardiol 2002;39:1214–9.
7. Cenedese E, Speich R, Dorschner L, et al. Measurement of quality of
life in pulmonary hypertension and its signiﬁcance. Eur Respir J 2006;
28:808–15.
8. van Wolferen SA, Marcus JT, Boonstra A, et al. Prognostic value of
right ventricular mass, volume, and function in idiopathic pulmonary
arterial hypertension. Eur Heart J 2007;28:1250–7.
9. Taichman DB, McGoon MD, Harhay MO, et al. Wide variation in
clinicians’ assessment of New York Heart Association/World Health
Organization functional class in patients with pulmonary arterial
hypertension. Mayo Clin Proc 2009;84:586–92.
10. Miyamoto S, Nagaya N, Satoh T, et al. Clinical correlates and prognostic signiﬁcance of six-minute walk test in patients with primary
pulmonary hypertension. Comparison with cardiopulmonary exercise
testing. Am J Respir Crit Care Med 2000;161:487–92.
11. Barst RJ, Rubin LJ, Long WA, et al. A comparison of continuous
intravenous epoprostenol (prostacyclin) with conventional therapy for
primary pulmonary hypertension. The Primary Pulmonary Hypertension Study Group. N Engl J Med 1996;334:296–302.
12. Savarese G, Paolillo S, Costanzo P, et al. Do changes of 6-minute walk
distance predict clinical events in patients with pulmonary arterial
hypertension?: a meta-analysis of 22 randomized trials. J Am Coll
Cardiol 2012;60:1192–201.
13. Macchia A, Marchioli R, Marﬁsi R, et al. A meta-analysis of trials of
pulmonary hypertension: a clinical condition looking for drugs and
research methodology. Am Heart J 2007;153:1037–47.
14. Coghlan JG, Pope J, Denton CP. Assessment of endpoints in
pulmonary arterial hypertension associated with connective tissue
disease. Curr Opin Pulm Med 2010;16 Suppl 1:S27–34.
15. Rubin L, Simonneau G. Perspective on the optimal endpoints for
pulmonary arterial hypertension trials. Curr Opin Pulm Med 2010;16
Suppl 1:S43–6.
16. Gabler NB, French B, Strom BL, et al. Validation of 6-minute walk
distance as a surrogate end point in pulmonary arterial hypertension
trials. Circulation 2012;126:349–56.
17. Mathai SC, Puhan MA, Lam D, Wise RA. The minimal important
difference in the 6-minute walk test for patients with pulmonary arterial
hypertension. Am J Respir Crit Care Med 2012;186:428–33.
18. Sitbon O, Humbert M, Nunes H, et al. Long-term intravenous epoprostenol infusion in primary pulmonary hypertension: prognostic
factors and survival. J Am Coll Cardiol 2002;40:780–8.

D80

JACC Vol. 62, No. 25, Suppl D, 2013
December 24, 2013:D73–81

McLaughlin et al.
Treatment Goals of Pulmonary Hypertension

19. Lee WT, Peacock AJ, Johnson MK. The role of percent predicted
6-min walk distance in pulmonary arterial hypertension. Eur Respir J
2010;36:1294–301.
20. Minai OA, Gudavalli R, Mummadi S, Liu X, McCarthy K,
Dweik RA. Heart rate recovery predicts clinical worsening in patients
with pulmonary arterial hypertension. Am J Respir Crit Care Med
2012;185:400–8.
21. Wensel R, Opitz CF, Anker SD, et al. Assessment of survival in
patients with primary pulmonary hypertension: importance of cardiopulmonary exercise testing. Circulation 2002;106:319–24.
22. Deboeck G, Scoditti C, Huez S, et al. Exercise testing to predict
outcome in idiopathic versus associated pulmonary arterial hypertension. Eur Respir J 2012;40:1410–9.
23. Groepenhoff H, Vonk-Noordegraaf A, Boonstra A, Spreeuwenberg MD,
Postmus PE, Bogaard HJ. Exercise testing to estimate survival in pulmonary hypertension. Med Sci Sports Exerc 2008;40:1725–32.
24. Arena R, Lavie CJ, Milani RV, Myers J, Guazzi M. Cardiopulmonary exercise testing in patients with pulmonary arterial hypertension: an evidence-based review. J Heart Lung Transplant 2010;
29:159–73.
25. Oudiz RJ, Midde R, Hovenesyan A, et al. Usefulness of right-to-left
shunting and poor exercise gas exchange for predicting prognosis in
patients with pulmonary arterial hypertension. Am J Cardiol 2010;105:
1186–91.
26. Wensel R, Francis DP, Meyer FJ, et al. Incremental prognostic value of
cardiopulmonary exercise testing and resting haemodynamics in
pulmonary arterial hypertension. Int J Cardiol 2013;167:1193–8.
27. Leuchte HH, El Nounou M, Tuerpe JC, et al. N-terminal pro-brain
natriuretic peptide and renal insufﬁciency as predictors of mortality in
pulmonary hypertension. Chest 2007;131:402–9.
28. Leuchte HH, Baumgartner RA, Nounou ME, et al. Brain natriuretic
peptide is a prognostic parameter in chronic lung disease. Am J Respir
Crit Care Med 2006;173:744–50.
29. Hoeper MM, Markevych I, Spiekerkoetter E, Welte T, Niedermeyer J.
Goal-oriented treatment and combination therapy for pulmonary
arterial hypertension. Eur Respir J 2005;26:858–63.
30. Savarese G, Trimarco B, Dellegrottaglie S, et al. Natriuretic peptideguided therapy in chronic heart failure: a meta-analysis of 2,686
patients in 12 randomized trials. PLoS One 2013;8:e58287.
31. Leuchte HH, Holzapfel M, Baumgartner RA, Neurohr C, Vogeser M,
Behr J. Characterization of brain natriuretic peptide in long-term
follow-up of pulmonary arterial hypertension. Chest 2005;128:
2368–74.
32. Vonk MC, Sander MH, van den Hoogen FH, van Riel PL,
Verheugt FW, van Dijk AP. Right ventricle Tei-index: a tool to
increase the accuracy of non-invasive detection of pulmonary arterial
hypertension in connective tissue diseases. Eur J Echocardiogr 2007;8:
317–21.
33. Forﬁa PR, Fisher MR, Mathai SC, et al. Tricuspid annular displacement predicts survival in pulmonary hypertension. Am J Respir Crit
Care Med 2006;174:1034–41.
34. Mathai SC, Sibley CT, Forﬁa PR, et al. Tricuspid annular plane systolic
excursion is a robust outcome measure in systemic sclerosis-associated
pulmonary arterial hypertension. J Rheumatol 2011;38:2410–8.
35. Bustamante-Labarta M, Perrone S, De La Fuente RL, et al. Right
atrial size and tricuspid regurgitation severity predict mortality or
transplantation in primary pulmonary hypertension. J Am Soc Echocardiogr 2002;15:1160–4.
36. Eysmann SB, Palevsky HI, Reichek N, Hackney K, Douglas PS. Twodimensional and Doppler echocardiography and cardiac catheterisation
correlates of survival in primary pulmonary hypertension. Circulation
1989;80:353–60.
37. Bradlow WM, Gibbs JS, Mohiaddin RH. Cardiovascular magnetic
resonance in pulmonary hypertension. J Cardiovasc Magn Reson 2012;
14:6.
38. van de Veerdonk MC, Kind T, Marcus JT, et al. Progressive right
ventricular dysfunction in patients with pulmonary arterial hypertension
responding to therapy. J Am Coll Cardiol 2011;58:2511–9.
39. Yamada Y, Okuda S, Kataoka M, et al. Prognostic value of cardiac
magnetic resonance imaging for idiopathic pulmonary arterial hypertension before initiating intravenous prostacyclin therapy. Circ J 2012;
76:1737–43.
40. Hagger D, Condliffe R, Woodhouse N, et al. Ventricular mass index
correlates with pulmonary artery pressure and predicts survival in

Downloaded From: http://content.onlinejacc.org/ on 01/24/2014

41.
42.

43.
44.

45.
46.
47.
48.
49.

50.
51.

52.
53.

54.

55.
56.
57.
58.
59.
60.
61.
62.
63.

suspected systemic sclerosis-associated pulmonary arterial hypertension.
Rheumatology (Oxford) 2009;48:1137–42.
Gan CT, Lankhaar JW, Westerhof N, et al. Noninvasively assessed
pulmonary artery stiffness predicts mortality in pulmonary arterial
hypertension. Chest 2007;132:1906–12.
Swift AJ, Rajaram S, Condliffe R, et al. Pulmonary artery relative area
change detects mild elevations in pulmonary vascular resistance and
predicts adverse outcome in pulmonary hypertension. Invest Radiol
2012;47:571–7.
Humbert M, Sitbon O, Yaici A, et al. Survival in incident and prevalent cohorts of patients with pulmonary arterial hypertension. Eur
Respir J 2010;36:549–55.
Thenappan T, Shah SJ, Rich S, Tian L, Archer SL, GombergMaitland M. Survival in pulmonary arterial hypertension: a reappraisal
of the NIH risk stratiﬁcation equation. Eur Respir J 2010;35:
1079–87.
Kovacs G, Berghold A, Scheidl S, Olschewski H. Pulmonary arterial
pressure during rest and exercise in healthy subjects: a systematic
review. Eur Respir J 2009;34:888–94.
Sharkey S. A Guide To Interpretation of Hemodynamic Data in the
Coronary Care Unit. Philadelphia, PA: Lippincott-Raven, 2007:1–27.
Ragosta M. Textbook of Clinical Hemodynamics. Philadephia, PA:
Saunders, Inc., 2008:38–49.
Condliffe R, Kiely DG, Peacock AJ, et al. Connective tissue diseaseassociated pulmonary arterial hypertension in the modern treatment
era. Am J Respir Crit Care Med 2009;179:151–7.
Chung L, Liu J, Parsons L, et al. Characterization of connective tissue
disease-associated pulmonary arterial hypertension from REVEAL:
identifying systemic sclerosis as a unique phenotype. Chest 2010;138:
1383–94.
Ngian GS, Stevens W, Prior D, et al. Predictors of mortality in
connective tissue disease-associated pulmonary arterial hypertension:
a cohort study. Arthritis Res Ther 2012;14:R213.
Hachulla E, Launay D, Yaici A, et al. Pulmonary arterial hypertension
associated with systemic sclerosis in patients with functional class II
dyspnoea: mild symptoms but severe outcome. Rheumatology (Oxford)
2010;49:940–4.
Mathai SC, Bueso M, Hummers LK, et al. Disproportionate elevation
of N-terminal pro-brain natriuretic peptide in scleroderma-related
pulmonary hypertension. Eur Respir J 2010;35:95–104.
Jais X, Launay D, Yaici A, et al. Immunosuppressive therapy in lupusand mixed connective tissue disease-associated pulmonary arterial
hypertension: a retrospective analysis of twenty-three cases. Arthritis
Rheum 2008;58:521–31.
Dimopoulos K, Inuzuka R, Goletto S, et al. Improved survival
among patients with Eisenmenger syndrome receiving advanced
therapy for pulmonary arterial hypertension. Circulation 2010;121:
20–5.
Galie N, Beghetti M, Gatzoulis M, et al. Bosetan therapy in patients
with Eisenmenger syndrom: a multicenter, double-blind, randomized,
placebo-controlled study. Circulation 2006;114:48–54.
Degano B, Guillaume M, Savale L, et al. HIV-associated pulmonary
arterial hypertension: survival and prognostic factors in the modern
therapeutic era. AIDS 2010;24:67–75.
Krowka MJ, Miller DP, Barst RJ, et al. Portopulmonary hypertension:
a report from the US-based REVEAL Registry. Chest 2012;141:
906–15.
Le Pavec J, Souza R, Herve P, et al. Portopulmonary hypertension:
survival and prognostic factors. Am J Respir Crit Care Med 2008;178:
637–43.
Krowka MJ. Portopulmonary hypertension. Semin Respir Crit Care
Med 2012;33:17–25.
Badesch DB, Raskob GE, Elliott CG, et al. Pulmonary arterial
hypertension: baseline characteristics from the REVEAL Registry.
Chest 2010;137:376–87.
Hoeper MM, Pletz MW, Golpon H, Welte T. Prognostic value of
blood gas analyses in patients with idiopathic pulmonary arterial
hypertension. Eur Respir J 2007;29:944–50.
Fijalkowska A, Kurzyna M, Torbicki A, et al. Serum N-terminal brain
natriuretic peptide as a prognostic parameter in patients with pulmonary hypertension. Chest 2006;129:1313–21.
McLaughlin V, Sitbon O, Badesch D, et al. Survival with ﬁrst-line
bosentan in patients with primary pulmonary hypertension. Eur
Respir J 2005;25:244–9.

JACC Vol. 62, No. 25, Suppl D, 2013
December 24, 2013:D73–81
64. Higenbottam T, Butt AY, McMahon A, Westerbeck R,
Sharples LD. Long term intravenous prostaglandin (epoprostenol or
iloprost) for treatment of severe pulmonary hypertension. Heart 1998;
80:151–5.
65. Sachdev A, Villarraga HR, Frantz RP, et al. Right ventricular strain for
prediction of survival in patients with pulmonary arterial hypertension.
Chest 2011;139:1299–309.
66. Mauritz GJ, Rizopoulos D, Groepenhoff H, et al. Usefulness of serial
N-terminal pro-B-type natriuretic peptide measurements for determining prognosis in patients with pulmonary arterial hypertension. Am
J Cardiol 2011;108:1645–50.
67. Hoeper MM, Hohlfeld JM, Fabel H. Hyperuricaemia in patients with
right or left heart failure. Eur Respir J 1999;13:682–5.

Downloaded From: http://content.onlinejacc.org/ on 01/24/2014

McLaughlin et al.
Treatment Goals of Pulmonary Hypertension

D81

68. Nagaya N, Uematsu M, Satoh T, et al. Serum uric acid levels correlate
with the severity and mortality of primary pulmonary hypertension. Am
J Respir Crit Care Med 1999;160:487–92.
69. Quarck R, Nawrot T, Meyns B, Delcroix M. C-reactive protein: a new
predictor of adverse outcome in pulmonary arterial hypertension. J Am
Coll Cardiol 2009;53:1211–8.
70. Mauritz GJ, Kind T, Marcus JT, et al. Progressive changes in right
ventricular geometric shortening and long-term survival in pulmonary
arterial hypertension. Chest 2012;141:935–43.
Key Words: 6-min walk distance - hemodynamics
hypertension - right ventricular function.

-

pulmonary arterial

