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6-min walk test (6MWT), for the treatment of PAH.10 6MWT, 
however, may not be an appropriate goal because walking 
distance is affected not only by cardiopulmonary fitness but 
also by factors such as age, sex, body weight, and height.11 
Indeed, a meta-analysis has shown that improvement in 6MWT 
is not correlated with outcome in patients with PAH.12

There is increasing recognition of the potential of using 
CPX parameters to direct the treatment of PAH.10,13,14 For 
example, in 2002, Wensel et al showed that patients with peak 

P ulmonary arterial hypertension (PAH) is associated 
with a high rate of morbidity and is fatal if left 
untreated. Current algorithms recommend an endothelin 

receptor antagonist (ERA)1–5 or phosphodiesterase-5 inhibitor 
(PDE-5I)6–8 as early first-line treatment in patients with PAH 
with a World Health Organization (WHO) functional class II 
or III.9

Hoeper et al proposed the use of goal-oriented therapy, 
evaluated on cardiopulmonary exercise (CPX) parameters or 
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Background: Many treatment options are available for pulmonary arterial hypertension (PAH), but specific recommendations for 
long-term treatment are unavailable. We compared prognosis in PAH patients receiving goal-oriented, sequential combination 
therapy evaluated using cardiopulmonary exercise testing (CPX) parameters or conventional empiric therapy.

Methods and Results: The Goal-Oriented Therapy Evaluated by Cardiopulmonary Exercise Testing for Pulmonary Arterial 
Hypertension (GOOD EYE) study was a multicenter, retrospective/prospective study in which a total of 129 patients with newly 
diagnosed PAH were enrolled (goal-oriented sequential combination therapy, n=42; conventional empiric therapy, n=87). Patients 
in the goal-oriented therapy group received sequential combination therapy, the efficacy of which was regularly evaluated using CPX 
parameters. Patients in the conventional empiric therapy group received conventional empiric therapy. The primary endpoint was 
cardiovascular death. In the goal-oriented therapy group, plasma brain natriuretic peptide, mean pulmonary arterial pressure, 
pulmonary vascular resistance, and 6-min walk test were significantly improved at 12 months compared with baseline. Survival in 
the goal-oriented therapy group at 1, 2, and 3 years (97.6%, 95.2%, and 86.0%, respectively) tended to be higher than that in the 
conventional empiric therapy group (P=0.082).

Conclusions: Goal-oriented sequential combination therapy evaluated using CPX parameters may be associated with a favorable 
prognosis compared with conventional empiric therapy in patients with newly diagnosed PAH.
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such as an ERA, PDE-5I, or i.v. epoprostenol; or (7) other 
conditions that, according to the judgment of the physicians 
in charge, made enrollment inappropriate because of 
concerns regarding patient safety.

Informed Consent
Participating centers included affiliated hospitals led by 
cardiology specialists in and around Nagoya, Japan. All 
prospective participants provided written informed consent 
after receiving explanations from the physician in charge 
about study objectives, study protocol, possible adverse 
effects of the study drugs, measures for privacy protection, 
and study withdrawal. The study protocol was approved 
by the Ethics Review Board of Nagoya University School 
of Medicine (approval no. 1157). The Ethics Review 
Committee of Nagoya University School of Medicine and 
the relevant committee at each participating center also 
approved the study protocol.

Procedure
Historical Group (Group H)  From June 2005 to December 

2011, at the affiliated hospitals participating in the study, 
the therapeutic strategy for the treatment of PAH patients 
with WHO functional classification II–IV (without hemo-
dynamic instability) consisted of either beraprost and/or 
an ERA (bosentan or ambrisentan) and/or a PDE-5I 
(sildenafil or tadalafil). Patients with WHO functional 
classification IV PAH (with hemodynamic instability) were 
treated immediately with i.v. epoprostenol, if indicated. 
Thus, this was a conventional empiric therapeutic strategy.

Goal-Oriented Group (Group G)  From January 2012 to 
March 2015, the treatment strategy for PAH at the affiliated 
hospitals participating in the study was changed to follow 
a new treatment algorithm (Figure 1). Patients underwent 
an initial examination at diagnosis and then re-evaluation 
at 3, 6, and 12 months after diagnosis. Cardiac catheteriza-
tion was performed at baseline and at 12 months; CPX was 
performed at baseline and at 3, 6, and 12 months. Two 
treatment goals were set: peak V̇O2 ≥15.0 mL/min/kg, 
which is defined as providing a “better prognosis” according 
to the 2009 ESC/ERS guidelines for the diagnosis and 
treatment of PAH;21 and peak SBP during exercise 
>120 mmHg. Patients were considered clinically stable when 

oxygen uptake (peak V̇O2) <10.4 mL/min/kg and maximum 
systolic blood pressure (SBP) during exercise <120 mmHg 
had a much worse prognosis than patients who were able to 
meet those thresholds.15 In 2005, Hoeper et al examined the 
use of goal-oriented treatment evaluated on CPX parameters 
in PAH patients and reported that peak V̇O2 >10.4 mL/min/kg 
was associated with a better prognosis.10 Goal peak V̇O2 
≥15 mL/min/kg has been adopted in the 2015 European 
Society of Cardiology (ESC)/European Respiratory Society 
(ERS) guidelines for the diagnosis and treatment of PAH.16

Currently, which combination therapy should be imple-
mented – and how and in whom it should be implemented – 
remains a topic of debate.17,18 Compared with monotherapy, 
combination therapy improves exercise capacity and reduces 
the risk of clinical worsening in PAH patients.19

In the present study, we compared the effects on prognosis 
in patients with newly diagnosed PAH of either goal-oriented, 
sequential combination therapy evaluated on CPX parameters, 
or conventional empiric therapy. Thus, we investigated whether 
goal-oriented therapy based on CPX parameters is associated 
with better clinical outcome compared with conventional 
empiric therapy in patients with PAH.

Methods
Study Design and Subjects
The Goal-Oriented Therapy Evaluated by Cardiopulmo-
nary Exercise Testing for Pulmonary Arterial Hypertension 
(GOOD EYE) study was a multicenter, retrospective-
prospective study. The study protocol was registered in 
the University Hospitals Medical Information Network 
Clinical Trials Registry system (www.umin.ac.jp; no. 
UMIN000006174) before the start of the study. Patients 
who were 16–80 years old at study entry with newly diag-
nosed PAH of WHO functional class II–IV according to 
the Dana Point criteria20 were enrolled in the study. 
Patients with any of the following conditions at enrollment 
were excluded from the study: (1) pulmonary hypertension 
classified as group 2, 3, 4, or 5 according to the Dana Point 
classification; (2) pregnancy; (3) serum creatinine >2.0 mg/dL; 
(4) history of serious chronic obstructive pulmonary disease 
or restrictive lung disease; (5) unable to walk without 
assistance; (6) currently receiving PAH-targeted therapy 

Figure 1.  Goal-based therapeutic 
algorithm used in the present study 
for newly diagnosed pulmonary arterial 
hypertension (PAH). ERA, endothelin 
receptor antagonist; PDE-5, phospho-
diesterase-5; V̇O2, oxygen uptake; 
WHO FC, World Health Organization 
functional class.
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ated connective tissue disease, HIV infection, portopulmo-
nary hypertension, and congenital heart disease (CHD) 
were obtained at baseline. Physiological parameters, 
including WHO functional class, anthropometrics, blood 
pressure, and 6MWT, were evaluated at baseline. Blood 
examination, electrocardiogram, echocardiogram, respira-
tory function test, CPX, and right-heart catheterization 
were conducted at baseline. These measurements were 
repeated at 3, 6, and 12 months, except for right-heart 
catheterization, which was repeated at 12 months only. 
Blood examination included the following: plasma brain 
natriuretic peptide (BNP), uric acid, blood urea nitrogen, 
serum creatinine, sodium, potassium, and liver enzymes 
(including alanine aminotransferase, aspartate aminotrans-
ferase, γ-glutamyltranspeptidase, and bilirubin).

Exercise Capacity
The 6MWT is a measure of the distance a person walks in 
6 min; in the present study, 6MWT was performed according 
to American Thoracic Society criteria.22 In addition, each 
patient underwent CPX at a progressively increasing work 
rate to maximum tolerance on a cycle ergometer. All 
patients started at 10 W for a 3-min warm-up, followed by 
a 10-W/min ramped-increment protocol. Twelve-lead 
electrocardiogram was monitored continuously, and arm 
blood pressure was automatically measured every minute 
during exercise and throughout the recovery period. After 

both treatment goals were reached. An ERA, either bosentan 
or ambrisentan, was used as first-line treatment. Add-on 
therapy was a PDE-5I, either sildenafil or tadalafil, followed 
by i.v. epoprostenol, if needed. Beraprost, diuretics, digi-
talis, and anticoagulants were excluded from this combina-
tion treatment protocol. Physicians expert in treating PAH 
determined the most appropriate pharmacological therapy 
for each patient. Patients were kept informed about all 
available treatment options. Whenever combination treat-
ment was proposed, patients were informed of the potential 
risks and side-effects.

Dosing Regimen
Bosentan was given at an initial dose of 62.5 mg twice daily 
for 4 weeks, which was titrated to 125 mg twice daily 
thereafter. Ambrisentan was started at 5 mg once daily for 
4 weeks and increased gradually to 10 mg once daily 
thereafter in the absence of side-effects and with adequate 
tolerability. Sildenafil was titrated to a maximum of 20 mg 
3 times daily. Tadalafil was started and maintained at 40 mg 
once daily. Given the individual variability in response, the 
choice of drug and dose was left to the discretion of the 
physicians. All drug regimens were adjusted as necessary 
to limit side-effects.

Measurements of Interest
Variables such as sex, age, smoking, comorbidities, associ-

Table 1. Patient Baseline Characteristics

Group H  
(n=87)

Group G  
(n=42) P-value

Age (years) 51.9±17.0 57.2±15.7 0.090

Male 29 (33) 16 (38) 0.800

BSA (L/min/m2) 1.51±0.22 1.57±0.19 0.144

WHO II/III/IV 27/41/19 11/19/12 0.504

IPAH/CD/PPH/CHD 38/31/4/14 17/12/7/6 0.142

Laboratory data

  BNP (pg/mL) 238 (46–403) 410 (69–573) 0.084

  UA (mg/dL) 6.6±2.2 7.2±2.9 0.196

  Cr (mg/dL) 0.91±0.67 0.85±0.28 0.506

Echocardiography

  TRPG (mmHg) 59.4±25.3 64.5±25.4 0.315

  TAPSE (mm) 14.2±6.2　　 16.5±5.4　　 0.307

Cardiac catheterization

  PAWP (mmHg) 11.3±4.3　　 10±4.7 0.141

  Systolic PAP (mmHg) 73.6±30.1 70.3±19.6 0.455

  Diastolic PAP (mmHg) 31.0±15.7 27.6±9.5　　 0.140

  Mean PAP (mmHg) 48.2±19.6 44.2±11.9 0.153

  PVR (Wood unit) 7.1±6.4 9.5±6.4 0.121

  RAP (mmHg) 6.3±4.8 6.6±5.1 0.344

  SvO2 (%) 65.5±12.3 64.2±9.8　　 0.633

  CO (L/min) 4.79±1.75 4.38±1.5　　 0.205

  CI (L/min/m2) 3.12±1.21 2.74±0.86 0.082

  Heart rate (beats/min) 84±14 83±15 0.863

Data given as mean ± SD, n (%) or median (range). BNP, brain natriuretic peptide; BSA, body surface area; CD, 
collagen disease; CHD, congenital heart disease; CI, cardiac index; CO, cardiac output; Cr, creatinine; Group G, 
goal-oriented sequential combination therapy; Group H, conventional empiric therapy; IPAH, idiopathic pulmonary 
arterial hypertension; PAH, pulmonary arterial hypertension; PAP, pulmonary arterial pressure; PAWP, pulmonary 
artery wedge pressure; PPH, portopulmonary hypertension; PVR, pulmonary vascular resistance; RAP, right atrial 
pressure; SvO2, mixed venous oxygen saturation; TAPSE, tricuspid annular plane systolic excursion: TRPG, trans 
regurgitation pressure gradient; UA, uric acid; WHO, World Health Organization.
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cians. Data collection via clinical records was managed 
centrally by the independent Data Management Group. 
The Statistical Analysis Board performed the statistical 
analyses independently from the aforementioned committees.

Statistical Analysis
All data are expressed as mean ± SD. Differences between 
the 2 treatment groups were assessed using the chi-squared 
test for categorical variables and the Mann-Whitney rank-
sum test for continuous variables. To evaluate the effect of 
sequential combination therapy in group G, hemodynamic 
parameters at baseline and at 12 months were compared 
using paired t-test for all patients. Repeated-measures 
analysis of variance was used to assess changes in the 
parameters over time in group G. Cumulative cardiac event-
free survival estimates were calculated using the Kaplan-
Meier method, and differences were evaluated with a 
stratified log-rank test. Expected survival (idiopathic PAH 
only) was calculated using an equation from the National 
Institutes of Health.23,24 All statistical analyses were carried 
out using SPSS 17.0 (SPSS, Chicago, IL, USA). P<0.05 
was considered statistically significant.

Results
Baseline Characteristics
Table 1 lists the baseline clinical characteristics and impor-
tant hemodynamic parameters for all patients; there were 
no significant differences between the 2 groups.

Medication
The PAH patients in group G received sequential combi-
nation treatment (Table 2). At baseline, no patients had 
received either an ERA or PDE-5I; by the 3-month time 

achieving peak workload, all patients pedaled at a load of 
0 W for a cool-down period of at least 2 min to prevent 
excess venous pooling. Test termination criteria were patient 
request, volitional fatigue, ventricular tachycardia, ≥2 mm 
horizontal or down-sloping ST segment depression, or a 
drop in SBP ≥20 mmHg during exercise. A qualified exercise 
physiologist conducted each test under the supervision of 
a certified cardiologist. Respiratory gas exchange variables 
were acquired continuously throughout the test, and gas 
exchange data were obtained breath by breath. Before each 
test, the oxygen and carbon dioxide sensors were calibrated 
using gases with known oxygen, nitrogen, and carbon 
dioxide concentrations. The flow sensor was also calibrated 
before each test. Peak V̇O2 was recorded as the highest 30-s 
average obtained during the final stage of the exercise test, 
and peak respiratory exchange ratio as the highest 30-s 
average during the final stage of the test. Minute ventilation 
(V̇E) and CO2 output (V̇CO2) were obtained up to the 
respiratory compensation point during exercise, and V̇E/
V̇CO2 slope was determined by means of a linear regression 
analysis up to the respiratory compensation point during 
exercise. Peak SBP was also recorded.

Study Organization
The Executive Committee created the study protocol and 
supervised the progression of the study. The Steering 
Committee approved the study protocol and made decisions 
about the management of the study. The Data and Safety 
Monitoring Board – consisting of a physician, an epidemi-
ologist, a pulmonologist, and a cardiologist – provided the 
Steering Committee with advice when there were concerns 
about participant safety. The Endpoint Evaluation 
Committee consisted of a cardiologist and a pulmonologist 
who adjudicated the primary endpoints reported by physi-

Table 2. Group G: Drugs Used to Treat PAH

Medication
No. patients (%)  

Baseline  
(n=42)

3 months  
(n=42)

6 months  
(n=41)

12 months  
(n=41)  

Oral PGI2 15 (37) 15 (37) 18 (44) 19 (46)  

ERA 0 37 (88) 35 (85) 35 (85)  

PDE-5I 0 2 (5) 28 (68) 28 (68)  

Epo-iv 0 0 1 (2) 1 (2)  

Epo-iv, i.v. epoprostenol; ERA, endothelin receptor antagonists; PDE-5I, phosphodestelase-5 inhibitor; PGI2, prosta-
glandin I2. Other abbreviations as in Table 1.

Table 3. Medication at End of Study

Group H  
(n=87)

Group G  
(n=42) P-value

Oral PGI2 53 (61) 19 (45) 0.110

ERA 65 (75) 35 (83) 0.231

PDE-5I 52 (60) 28 (67) 0.449

Epo-iv 16 (18) 3 (7) 0.109

Anticoagulant 27 (31) 15 (36) 0.595

Diuretic 48 (55) 31 (74) 0.065

Digitalis 18 (21) 15 (36) 0.960

Monotherapy 36 (41)   8 (19) 0.012

Combination therapy 45 (52) 32 (76) 0.007

Data given as n (%). Abbreviations as in Table 1.
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higher in group G than in group H, respectively.

Group G: Change in Clinical Parameters
In group G, plasma BNP and 6MWT were significantly 
decreased and increased, respectively, at 12 months 
compared with at baseline (P=0.00023 and P=0.00026, 
respectively; Figure 2). In addition, mean pulmonary arterial 
pressure (mPAP) and pulmonary vascular resistance were 
significantly decreased at 12 months compared with at 
baseline; the 2 patients who died during the study were 

point, 37 patients (88%) were receiving an ERA, and at 
the 6-month time point, a PDE-5I had been added in 28 
cases (68%). At the 12-month time point, 35 patients (85%) 
were continuing to receive an ERA, 28 (68%) were con-
tinuing to receive a PDE-5I, and 1 (2%) was receiving i.v. 
prostaglandin I2. Table 3 lists the medication prescribed to 
the 2 groups of patients at the end of follow-up. There were 
no significant differences in the use of any medication 
between the 2 groups. At the end of the study, monotherapy 
and combination therapy were significantly lower and 

Figure 2.  Representative invasive and 
non-invasive assessments at baseline 
and at 12 months in the goal-oriented 
therapy group. 6MWT, 6-min walk test; 
BNP, brain natriuretic peptide; mPAP, 
mean pulmonary arterial pressure; 
PVR, pulmonary vascular resistance.

Figure 3.  Exercise capacity at base-
line and at 12 months. SBP, systolic 
blood pressure in the goal-oriented 
therapy group; V̇E, minute ventilation; 
V̇CO2, CO2 output; V̇O2, oxygen 
uptake.
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CPX Parameter-Guided Therapy
Most investigations into the treatment of PAH have 
focused on cardiac function at rest, but patients with PAH 
generally become breathless only during exercise. Indeed, 
peak V̇O2 is an independent prognostic indicator in patients 
with PAH.25 Hoeper et al proposed the use of a goal-
oriented treatment strategy for the treatment of PAH that 
used the results of CPX and 6MWT to direct treatment 
(treatment goals: 6MWT, 380 m; peak V̇O2, >10.4 mL/min/
kg; peak SBP during exercise, >120 mmHg).10 Using this 
approach, survival rates at 1, 2, and 3 years were 93%, 
83%, and 80%, respectively.10 Similarly, the current ESC/
ERS guidelines state that prognosis is improved when a 
treatment goal of peak V̇O2 ≥15 mL/min/kg is implemented.9 
In the present study, we used a treatment goal of peak V̇O2 
>15 mL/min/kg and obtained survival rates in the goal-
oriented therapy group at 1, 2, and 3 years of 97.6%, 
95.2%, and 86.0%, respectively, which are superior to the 
previously reported survival rates.10

In the present study, we removed 6MWT as a goal. The 
reason is that walking distance is affected not only by 
cardiopulmonary fitness but also by factors such as age, 
sex, body weight, and height.11 In addition, we could not 
find an established goal for peak SBP during exercise in 
patients with PAH, we thus used the same goal that was 
used in a previous study (peak SBP ≤120 mmHg).10,15 In the 
present study, no patients had peak SBP ≤120 mmHg and 
peak V̇O2 >15.0 mL/min/kg. Therefore, the therapeutic 
strategy depended on whether the peak V̇O2 goal was 
reached or not. In the present study peak SBP did not 
significantly change before or after treatment, suggesting 
that peak SBP during exercise should not be used to assess 
the efficacy of PAH treatment.

Sequential Combination Therapy
In Japan, oral ERA have been available since 2005 and 
PDE-5I have been available since 2008. Therefore, in the 
present study, we were able to use the same treatment in 
both groups, which allowed us to examine whether goal-
oriented therapy was more useful than traditional empiric 

excluded from these 2 analyses (P=0.00045 and P=0.00035, 
respectively).

Figure 3 shows changes in exercise capacity in group G. 
There were no adverse incidents during CPX. Compared 
with baseline, peak V̇O2 was significantly increased (P=0.042). 
V̇E/V̇CO2 slope was decreased at 12 months compared with 
baseline, but this change was not statistically significant. 
Peak SBP was similar at baseline and at 12 months.

Prognosis
During the study period, cardiac death occurred in 5 
patients (11.9%) in group G and in 21 (24.1%) in group H. 
The cumulative probability of survival was calculated for 
both groups using the Kaplan-Meier method (Figure 4). 
The survival rate at 1, 2, and 3 years in group G was 97.6%, 
95.2%, and 86.0%, and that in group H was 91.9%, 79.6%, 
and 75.8%, respectively. The probability of survival was 
higher in group G than in group H, but this difference was 
not statistically significant (P=0.082). The probability of 
survival, however, was better in both groups than the 
predicted survival, as calculated using an equation from 
the National Institutes of Health,23,24 which predicted 1-, 
2-, and 3-year survivals of 71.5%, 59.9%, and 50.0%, 
respectively.

Discussion
This study investigated whether goal-oriented, sequential 
combination therapy evaluated using CPX parameters 
provided a better prognosis than conventional empiric 
therapy in newly diagnosed PAH patients. In the goal-
oriented therapy group, mPAP was significantly improved 
at 12 months by 8.08±1.65 mmHg compared with baseline. 
In addition, peak V̇O2 was significantly improved at 12 
months compared with baseline. Subsequently, goal-
oriented, sequential combination therapy tended to provide 
an improved prognosis compared with conventional empiric 
therapy, suggesting that this approach may be better than 
conventional empiric therapy for treating patients with 
newly diagnosed PAH.

Figure 4.  Kaplan-Meier estimates of survival in 
patients with newly diagnosed pulmonary arterial 
hypertension. Group G, goal-oriented sequential 
combination therapy; group H, conventional empiric 
therapy. Dotted line, expected survival as calculated 
with an equation from the National Institutes of 
Health.23,24
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that PAH patients need to be stratified accurately.

New Therapeutic Combinations
COMPASS-2 did not demonstrate that adding bosentan 
to stable sildenafil therapy was superior to sildenafil 
monotherapy in delaying time to first morbidity/mortality 
event.34 Recently, the ERA macitentan and the oral pros-
tanoids treprostinil and selexipag have been approved for 
the treatment of PAH.35 In addition, there have been 
significant advances in defining the role of upfront combi-
nation therapy in treatment-naïve PAH patients.9,36 Based 
on the results of the AMBITION trial,36 the 2015 ESC/
ERS guidelines recommended that upfront combination 
therapy with tadalafil and ambrisentan should be offered 
as first-line therapy to treatment-naïve WHO group 1 PAH 
patients with functional class II or III symptoms.16 It 
should be noted, however, that the AMBITION trial did 
not conclusively demonstrate that upfront therapy was 
superior to sequential combination therapy.

Importance of Sequential Combination Therapy
An important finding of the present study is that to reach 
the predefined treatment goals, combination treatment 
eventually became necessary in almost half of the patients, 
indicating that monotherapy is likely insufficient for a large 
proportion of patients with PAH in whom the disease 
progresses despite active therapy. Hence, a primarily 
non-invasive treatment strategy and the use of combination 
treatment may yield acceptable results in the majority of 
patients with PAH. This goal-oriented strategy was based 
on several factors, including practicability and economical 
considerations. Sequential combination therapy evaluated 
using CPX parameters might be an appropriate therapy 
for the majority of PAH patients.

Study Limitations
The present study has several limitations. First, the number 
of patients in the goal-oriented group was small, but 
because the total number of newly diagnosed PAH patients 
worldwide is small, we believe that the data provided from 
the present goal-oriented group will be valuable for future 
studies of the use of goal-oriented strategies for the treat-
ment of PAH. In addition, some data were missing from 
the conventional treatment group.

Second, because the mean patient age in the goal-
oriented therapy group tended to be higher than that in the 
conventional empiric therapy group, cardiac death was 
more likely to occur in the goal-oriented therapy group. 
Thus, the cardiac death results obtained here are likely 
biased.

Third, to allow comparison with the conventional 
treatment group, we could use only ERA and PDE-5I such 
as bosentan, ambrisentan, sildenafil, and tadalafil in the 
goal-oriented treatment group. In addition, PDE-5I were 
not approved for use in Japan before 2008, therefore at 
that time physicians could not use triple-combination 
therapy. During the follow-up period, however, PDE-5I 
were approved for use; therefore, we list the medications in 
use at the end of the study in Table 3.

Fourth, recently, the oral prostanoids treprostinil37 and 
selexipag,32 several soluble guanylate cyclase stimulators,38 
and the new ERA macitentan have been approved for use 
for the treatment of PAH in Japan; therefore, we now have 
more choices of medication for creating new goal-oriented 
treatment strategies for the treatment of PAH. Finally, we 

therapy for treating patients with newly diagnosed PAH.
In the present study, 2 female patients were judged by 

the expert physician to need early combination therapy. 
The first patient had portopulmonary hypertension, and, 
after achieving a favorable clinical outcome with the 
combination therapy, at 12 months she remained at WHO 
functional class I. The second patient had WHO functional 
class IV PAH with scleroderma and died due to right heart 
failure at 6 months.

I.v. epoprostenol was used for 1 patient in the 12-month 
period and in a total of 3 patients for >12 months and 
during follow-up in the goal-oriented therapy group.

PAH With CHD
In the present study, 6 group G patients had PAH with 
CHD. Ultimately, 4 of these patients could not be treated 
with sequential combination therapy because of worsening 
dyspnea or peripheral edema and were returned to mono-
therapy. The remaining 1 patient, who had Eisenmenger’s 
syndrome due to an atrial septal defect, was treated with 
combination therapy, and although he had poor exercise 
tolerance, he did not die during follow-up. In contrast, 
another patient with atrial septal defect needed only oral 
prostacyclin analog to retain good exercise capacity and 
improve from WHO functional class II to I. There are few 
published data on combination therapy for the treatment 
of PAH with CHD, but the recommended therapy is the 
same as in idiopathic PAH.26,27 Because there is a multitude 
of different clinical pictures of patients with PAH with 
CHD, stereotypical combination therapy might be difficult 
for PAH patients with CHD.

In the present study, exercise tolerance in teenage patients 
was relatively preserved regardless of the severity of PAH. 
Two of 3 teenage patients with mild PAH elected to receive 
only beraprost during the study period. The peak V̇O2 of 1 
male patient (19 years old) who had idiopathic PAH and 1 
female patient (16 years old) who had portopulmonary 
hypertension was 22.7 mL/min/kg and 19.0 mL/min/kg at 
baseline, respectively, and they reported no difficulties in 
daily life.

The results of this subanalysis suggest that goal-oriented 
therapy evaluated using CPX parameters might be most 
appropriate for middle-aged (40–60-year-old) patients with 
idiopathic PAH, collagen disease, or portopulmonary 
hypertension without CHD, or for patients newly diagnosed 
with PAH of WHO functional class II or III.
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for the treatment of PAH. Therefore, in the present study, 
we excluded its use in the goal-oriented sequential combi-
nation therapy group. Recently, oral prostacyclin analogs, 
such as selexipag, which target the prostacyclin pathway, 
have been approved for the treatment of PAH.32 I.v. 
epoprostenol has been shown to improve hemodynamics, 
exercise capacity, and survival in patients with PAH.33 
Therefore, i.v. epoprostenol should be used as soon as 
possible in cases of inadequate clinical results or in cases of 
deterioration by oral combination therapy. This means 
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did not include exercise training for patients in the goal-
oriented group. Exercise training, however, can improve 
functioning in patients with PAH.39

Conclusions
A goal-oriented therapeutic approach evaluated using CPX 
parameters provided reasonably favorable survival rates in 
patients with PAH compared with a conventional empiric 
treatment strategy.
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