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| Right ventricular MRI scans between September 2003 and September 2010: n = 121

IS

Familial: n=2

Chronic thromboembolic pulmonary hypertension: n = 23
Duplicative examinations in the same patient: n = 18
Connective tissue diseases: n = 13

Congenital heart diseases: n = 13

Pulmonary hypertension owing to left heart disease: n = 5
Portal hypertension: n = 4

Pulmonary hypertension owing to lung disease: n = 2

| Idiopathic pulmonary arterial hypertension: n = 41]

| Hospitalization for right heart-failure: n =

9]

| Death:n=4

Figure.

Study profile.

| Survivor: n =32+ 5=37

correcting for the patient’s body surface area. The RVEF and
LVEF were determined by dividing the systolic volume by the
right and left end-diastolic volumes, respectively.

Right Heart Catheterization

A diagnostic right-heart catheterization was performed using a
balloon-tipped, flow-directed 7F Swan-Ganz catheter. The pa-
tient was stable, lay supine, and breathed room air. The PAP,
right atrial pressure, PCWP, cardiac output, PVR index and
mixed venous oxygen saturation were measured. Blood was
sampled with the catheter positioned inside the main pulmo-
nary artery. The arterial oxygen saturation was measured using
blood sampled from the radial or femoral artery. The cardiac
output was assessed using the Fick method, and the PVR
was calculated using the following formula: (mPAP-PCWP)/
cardiac output. All of the eligible patients had right-heart cath-
eterization examinations within 6 months of their CMR ex-
aminations.

Statistical Analysis

All data are expressed as the meantstandard deviation (SD).
The hazard ratios of the factors potentially associated with a
first hospitalization (primary endpoint) or death after hospital-
ization (secondary endpoint), such as age, sex, NYHAFC,
biochemical markers and the CMR measures, were calculated
using a Cox proportional-hazards model. First, the hazard ratio
and 95% confidence interval (CI) for each factor were esti-
mated using a univariate model. The following variables were
tested: age, sex, the NYHAFC, the distance in a 6-min walk
test (6MWT), the plasma brain natriuretic peptide (BNP)
level," the serum uric acid level,!s the cardiac index, the stroke
volume index (SVI), the RV mass index (RVMI), the LV mass
index (LVMI), RVEF, LVEF, the RV end-systolic volume

index (RVESVI), the RV end-diastolic volume index (RVEDVI),
the L'V end-systolic volume index (LVESVI) and the LV end-
diastolic volume index (LVEDVI). Catheterization was not
performed on the same day as the CMR examination, so the
right heart catheterization variables were not tested. To exam-
ine the robustness of the univariate results, multivariate Cox
regression analyses with step-wise variable selection were per-
formed. A multivariate Cox model with time-dependent co-
variates was also used to evaluate the effects of any concomi-
tant medications during the follow-up period.

We added exploratory analyses with respect to the endpoint
of clinical worsening, including all clinical events (additional
therapies in response to clinical worsening, hospitalization and
death) with a univariate Cox regression model.

All of the confidence intervals were estimated at the 95%
confidence level, and significance was set at a P<0.05 (2-tailed).
All of the data were analyzed using a commercially available
software program (SAS version 9.1, Cary, NC, USA).

Resuits

Patients’ Characteristics

The patients’ demographic and baseline CMR data are sum-
marized in Table 1. The right heart catheterization measure-
ments collected within 6 months of each CMR examination
are also shown in Table 2. Over a mean follow-up period of
1,3504£769 (range: 196-2,654) days, 9 of the 41 patients were
hospitalized for right heart failure; 4 of the 9 hospitalized pa-
tients died and none died from non-cardiopulmonary causes
(Figure). In 29 patients (71%), the medical therapy was changed
because of clinical worsening. Intravenous prostacyclin, endo-
thelin-receptor antagonists and sildenafil were added in 14, 13
and 18 patients, respectively (Table 1). All the patients were
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Hospitalization for right HF Mortality
HR 35%C P value HR S — P value
Lower Upper Lower Upper

Demographic variables

Age (year) 1.01 0.97 1.05 0.716 1.04 0.98 112 0.198

Sex (M/F) 2.00 0.54 748  0.301 2.36 033 1673 0.392
CMR measurements

Cardiac index (L-min~'-m-2) 0.81 0.33 198 0.645 0.46 0.09 243  0.358

SVI (mi/m?) 1.01 0.97 1.05 0.645 0.98 0.91 1.06 0.681

RVMI (g/m2) 0.96 0.88 1.06 0.444 0.96 0.88 1.05 0.401

LVMI (g/m2) 1.07 1.02 1.12  0.008* 1.03 0.97 1.10  0.386

RVEF (%) 0.97 0.92 1.08 0.351 0.96 0.87 1.05 0.369

LVEF (%) 0.95 0.88 1.02 0.175 0.97 0.86 1.08 0.527

RVEDVI (ml/m?) 1.02 1.00 1.03  0.012* 1.02 1.00 1.04  0.028*

RVESVI (ml/m2) 1.02 1.00 1.03  0.014* 1.03 1.00 1.05  0.021*

LVEDVI (ml/m2) 1.03 1.00 1.05 0.019* 1.00 0.95 1.04 0932

LVESVI (ml/m?) 1.04 1.00 1.07 0.027* 1.00 0.92 1.08 0.907
Functional status

NYHAFC 4.61 169 1255  0.003* 6.23 1.29 30.13  0.023*

6MWT (m) 1.00  0.99 1.01 0.467 1.00 0.98 1.02  0.799
Biochemical markers

Plasma BNP (pg/ml) 1.00  1.00 1.00 0.129 1.00  1.00 1.00 0.197

Serum uric acid (mg/dl) 1.25 0.98 159  0.075 1.38 0.95 200 0.087

*P<0.05.

HF, heart failure; HR, hazard ratio; Cl, confidence interval. Other abbreviations as in Table 1.

Hospitalization for right HF Mortality
HR 95%cl P value HR 95%Cl P value
Lower  Upper Lower  Upper
RVEDVI (ml/m2) 1.02 1.00 1.03 0.010* RVEDVI (ml/m2) 1.03 1.00 1.05  0.020*
LVEDVI (ml/m2) 1.02 1.00 1.05 0.052 NYHAFC 21.85 1.46 328.14 0.023*
NYHAFC 7.66 2.05 28.61 0.002* *P<0.05.
*P<0.05. Abbreviations as in Tables 1,3.

Abbreviations as in Tables 1,3.

Hospitalization for right HE Mortality
Therapy HR —%C _ pawe HR ——%C paie
Lower Upper Lower Upper
Intravenous prostacyclin 2.87 077 1072 0.117 2.09 029 14.90 0.461
Endothelin-receptor antagonists 0.52 0.14 1.96 0.334 0.23 0.02 2.24 0.207
Sildenafiit - - - (0.994) - - - (0.996)
Calcium antagonists 1.02 0.21 4.92 0.981 1.18 0.12  11.36 0.885

tAll hospitalized or deceased patients were treated with sidenafil.

Abbreviations as in Table 3.

treated with oral anticoagulants.

Predictors of Hospitalization for Right Heart Failure or
Mortality

The univariate Cox regression analyses suggested that LVMI,
LVEDVI, LVESVI, RVEDVI, RVESVI and NYHAFC were
associated with the time to hospitalization (primary endpoint)

in the IPAH patients and that RVEDVI, RVESVI and NY- |
HAFC were associated with the time to death (secondary

endpoint) (Table 3). The RVEDVI was closely related to the
RVESVI, and the LVEDVI was closely related to the LVESVI
and LVMI; therefore, multivariate Cox regression analyses
were performed using RVEDVI, LVEDVI and NYHAFC as
predictors of the hazard of hospitalization and RVEDVI and
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Hospitalization for right HF
Therapy/Variable HR 95%Cl P value
Lower Upper
Intravenous prostacyclin
RVEDVI (ml/m?) 1.02 1.01 1.04 0.008*
NYHAFC 5.02 1.17 21.54 0.030*
Time-dependent covariate (intravenous prostacyclin) 4.60 0.96 21.92 0.055
Endothelin-receptor antagonists
RVEDVI (ml/m?) 1.02 1.01 1.03 0.005*
NYHAFC 9.24 2.16 39.43 0.003*
Time-dependent covariate (endothelin-receptor antagonists) 2.47 0.47 12.98 0.286
Sildenafilt
RVEDVI! (ml/m?) 1.02 1.00 1.03 0.009*
NYHAFC 5.21 1.51 18.02 0.009*
Time-dependent covariate (sildenafil)t ~t —t ~t (0.995)t
Calcium antagonists
RVEDVI (ml/m?) 1.02 1.00 1.03 0.009*
NYHAFC 8.01 2.1 30.49 0.002*
Time-dependent covariate (calcium antagonists) 0.52 0.10 2.70 0.438

*P<0.05. *Because of a high percentage of patients treated with sildenafil (88%), it was impossible to evaluate the
effect of sildenafil by means of multivariate Cox model with time-dependent covariate.

Abbreviations as in Tables 1,3.

NYHAFC as predictors of mortality. The multivariate analyses
using step-wise variable selection showed that the RVEDVI
and NYHAFC were independent predictors of the hazards of
both hospitalization and mortality (Tables 4,5).

There was no significant relationship between the endpoints
and the type of therapy (ie, intravenous prostacyclin, endothe-
lin-receptor antagonist, sildenafil and calcium antagonists;
Table 6). Furthermore, the effects of RVEDVI and NYHAFC
on hospitalization were not substantially changed in a time-
dependent Cox model with additional adjustments for any con-
comitant medications during the follow-up period (Table 7).
However, because of the large percentage of patients treated
with sildenafil (88%), it was impossible to evaluate the effects
of sildenafil using this statistical model.

Results of Exploratory Data Analyses

Clinical worsening, including all clinical events (additional
therapies in response to clinical worsening, hospitalization and
death), occurred in 32 of 41 patients. In the univariate Cox re-
gression model, there was no significant association between
clinical worsening and any variables including age, sex, NY-
HAFC, 6MWT, BNP level, serum uric acid level and CMR
measurements.

Discussion

In this study, we investigated the prognostic significance of
CMR measurements in patients with IPAH before initiating
intravenous prostacyclin therapy. We found that increased
RVEDVI and NYHAFC were associated with both hospital-
ization for right heart failure and mortality.

In our study, we only focused on patients with IPAH. Some
previous studies have included multiple types of PAH patients
(category 1 of the Venice or Dana Point classification!!) in their
cohorts and subsequent analyses. Although this approach may
be appropriate for some therapeutic studies,!¢ the validity of
this practice is questionable when evaluating prognostic fac-

tors.!” It is well known that survival curves are not comparable
across all subgroups of category 1 PAH,'® and therefore it
should not be assumed that the prognostic variables will be
identical in the various populations.

Compared with other diagnostic tools, the advantages of
CMR are its noninvasiveness, non-ionizing safety, excellent
spatial and temporal resolution, and repeatability. CMR is more
reproducible than echocardiography when measuring RV func-
tion.” There have been few previous studies that have ad-
dressed the relationships between CMR measures and clinical
outcomes in IPAH patients. Previous studies have demon-
strated that an increased RVEDV], a large right atrium, and a
low RVSVI are associated with a poor prognosis.>*2! How-
ever, to the best of our knowledge, the associations between
hospitalization for heart failure because of IPAH and the CMR
results have not yet been reported. We found that the RVEDVI
and RVESVI were associated with both hospitalization for
right heart failure and mortality. This finding is clinically im-
portant because CMR provides a direct RV parameter for pre-
dicting early RV failure (before the initiation of intravenous
prostacyclin therapy). Measures of increased RVEDVI and
RVESVI could be used to predict treatment failure and, thus,
could offer an opportunity to change the patient’s treatment or
add the patient to the transplant list before RV failure leads to
death.? It is well known that the RV compensates for increased
afterload via enlargement and hypertrophy. At some point, the
RV is unable to further adapt to the increased afterload, and RV
failure occurs, leading to hospitalization for heart failure or
imminent death.

A previous study enrolling 64 IPAH patients revealed a sig-
nificantly better survival in the patients with RVEDVI <84 ml/m?
than in those with RVEDVI >84ml/m?.° In our post hoc
analysis by means of a Cox regression, treating the RVEDVI
as a binary variable, no event was observed in patients with
RVEDVI <84 ml/m? during a longer mean follow-up period
(32416 vs. 45126 months), which is consistent with the previ-
ous finding; however, we did not observe enough events in the
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patients with RVEDVI 284 ml/m? to establish a significant
difference between the groups (Figure S1). Thus, in the sta-
tistical analyses presented here, we treated each factor (eg,
RVEDVI) as a continuous variable to avoid the loss of infor-
mation associated with creating binary variables.

In our study, the NYHAFC was an independent predictor of
both hospitalization and mortality. Previous studies have re-
ported that this classification is a prognostic factor for mortal-
ity in IPAH patients.?>2* Sitbon et al have reported that the
survival of primary pulmonary hypertension patients treated
with intravenous prostacyclin is associated with the NYHAFC
at baseline,?? and our results are consistent with that.

Our univariate analyses also found that LVEDVI, LVESVI
and LVMI were associated with hospitalization; however, these
3 parameters were not associated with mortality. The reason for
the discrepancy in P-values between hospitalization and death
events may have been related to the difference in the numbers
of events; that is, the statistical power of the death-event data
(4 events) is lower than that of the hospitalization-event data (9
events). In the multivariate model, these 3 parameters did not
predict our patients’ prognoses, which may have been related
to the strong effect of the RVEDVI on the severity of the
IPAH. Additional large-scale studies are warranted.

The exploratory analyses showed no significant association
between clinical worsening (all clinical events, including ad-
ditional therapies, hospitalization and death) and any variables
in our study. One explanation is that too many events (32 out
of 41 patients) may have resulted in a low statistical power in
the exploratory analyses of our patient population. Further-
more, hospitalization and death were more clinically relevant
than the total of all clinical events (new additional therapies,
hospitalization and death) and would have a higher power to
detect associations between the MRI findings and the patients’
prognoses in this study.

Study Limitations

First, this was an observational study with a cohort limited to
a 45-month period. Second, our single measurement of the
CMR parameters at the time of study entry and our inability to
evaluate the longitudinal trends in these parameters may have
led to an underestimation of the relationships between the
CMR measures and our endpoints because of regression-dilu-
tion bias. Third, because our study had an observational de-
sign, the IPAH therapies were not controlled. However, there
was no significant relationship between the endpoints and the
medications used. Furthermore, the effects of RVEDVI and
NYHAFC on hospitalization were consistent when the con-
comitant medications were included as time-dependent covari-
ates. Finally, our data were obtained from a single center and
should be evaluated in other centers.

Conclusions

In IPAH patients, the RVEDVI obtained from CMR measure-
ments predicts both hospitalization for right heart failure and
mortality before initiating intravenous prostacyclin therapy.
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Impact of First-Line Sildenafil Monotreatment for
Pulmonary Arterial Hypertension

Ryoji Yanagisawa, MD; Masaharu Kataoka, MD; Hiroki Taguchi, MD; Takashi Kawakami, MD;
Yuichi Tamura, MD; Keiichi Fukuda, MD; Hideaki Yoshino, MD; Toru Satoh, MD

Background: Sildenafil has been demonstrated as effective for the treatment of pulmonary arterial hypertension
(PAH). The purpose of this study was to investigate the occurrence of clinical events after sildenafil monotreatment
as a first-line therapy in patients with PAH over a long-term observation period.

Methods and Results: Sildenafil was administered as a first-line drug to 46 patients with PAH (including 24 patients
with idiopathic PAH) during 2003-2010. We investigated subsequent clinical events such as the addition of epopro-
stenol, hospitalization for right-side heart failure, and death. All the hemodynamic parameters and the 6-min walk
distance improved significantly in the enrolled patients as a whole receiving sildenafil treatment; 15 (33%) of the 46
patients required the addition of epoprostenol during follow-up. Kaplan-Meier analysis demonstrated that more than
60% of the patients receiving first-line sildenafil treatment did not require the addition of epoprostenol for a 5-year
period. Furthermore, the 5-year survival rate after first-line sildenafil treatment was 81%. Finally, more than 75% of
the enrolled patients did not reach the composite endpoint of hospitalization for right-side heart failure and death for
a 5-year period.

Conclusions: This study describes the long-term outcome of patients with PAH receiving sildenafil monotreatment
as a first-line therapy and suggests that it is a promising therapeutic strategy. (Circ J 2012; 76: 1245—-1252)

ORIGINAL ARTICLE

Pulmonary Girculation

Key Words: Epoprostenol; Hospitalization; Prognosis; Pulmonary hypertension; Sildenafil

progressive disease of increasing pulmonary vascular

resistance (PVR) that leads to right-side heart failure
and a grave prognosis.'~ Sildenafil and bosentan have been
developed as new treatments for PAH during the past few
years. Bosentan, an endothelial receptor antagonist, was the
first oral drug shown to have an effect in patients with PAH.5*
Sildenafil, a phosphodiesterase-5 inhibitor, is a new effective
dilator of pulmonary arteries that is also administered orally.
Sildenafil has relatively few adverse effects, compared with
other oral drugs for PAH, and is safe for use even in patients
with mild-to-moderate renal or hepatic dysfunction; more-
over, its use reportedly improves heart failure.!" Recently, the
study on Sildenafil Use in Pulmonary Arterial Hypertension
(SUPER)-1 revealed that sildenafil improves exercise capac-
ity, the World Health Organization (WHO) functional class,
and the hemodynamics of patients with PAH.!! Furthermore,
SUPER-2 established the safety and tolerability of sildenafil
with maintenance of the patient’s functional class.!2

P ulmonary arterial hypertension (PAH) is defined as a

Editorial p 1089

At the present time, the most powerful and effective treat-
ment for PAH is an ambulatory continuous infusion of epo-
prostenol. Prior to the introduction of epoprostenol, the 5-year
survival rate of patients with idiopathic PAH was 34%.'3 Epo-
prostenol has increased the 5-year survival rate to 67%,
according to a report published in the United States in 1994,
However, epoprostenol therapy requires an indwelling cathe-
ter attached to an ambulatory infusion pump, limiting the
patient’s activities and producing the possibility of catheter
infection. Thus, if oral drugs, such as bosentan and sildenafil,
can be used to inhibit the progression of PAH, the introduction
of epoprostenol can be delayed.

Recently, these 3 drugs, epoprostenol, bosentan, and silde-
nafil, have been used in combination for the treatment of PAH.
However, few reports have demonstrated the long-term out-
come of first-line sildenafil monotreatment or any evidence
regarding the combination of these drugs. Therefore, the ob-
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All patients
(n=46)

Epo(+) group
(n=15)

All the data are expressed as the mean+standard deviation.

P value between
Epo(+) and Epo(=)
groups

Epo(~) group
(n=31)

Epo(+) group, patients who required additional epoprostenol treatment during the observation petiod; Epo(~) group,
patients who did not require additional epoprostenol treatment during the observation period; NS, not significant;
NYHA FC, New York Heart Association functional class; mRA, mean right atrial pressure; mPAP, mean pulmonary
arterial pressure; PVR, pulmonary vascular resistance; CO, cardiac output; MWD, 6-min walk distance; BNP, B-type

natriuretic peptide.

jectives of this study were (1) to investigate the clinical effi-
cacy of first-line sildenafil therapy during a long-term obser-
vation period, and (2) to examine the relationship of first-line
sildenafil therapy and the occurrence of events such as the
addition of epoprostenol, hospitalization for right-side heart
failure, and death.

Methods

Study Subjects

In this study, we enrolled 57 patients with PAH who visited the
Keio and Kyorin University Hospitals. The New York Heart
Association functional class (NYHA FC) of enrolled patients
was I, II, or II. The patients with NYHA FC IV were excluded
because intravenous prostanoid should be the first-line treat-
ment for those patients according to the algorithm proposed at
the World Symposium in Venice, Italy, 2003 and revised at
Dana Point, USA, in 2008.151¢ Four patients abandoned silde-
nafil treatment because of the high cost of off-label use or
severe, subjective adverse effects, and 7 patients with Eisen-
menger syndrome were excluded because of the differences
in their clinical characteristics compared with other patients
with PAH. The remaining 46 patients (idiopathic PAH, n=24;
secondary to connective tissue disease, n=16; associated with
portal hypertension, n=6) were analyzed (age 42+14 years;
38 women, 8 men). Sildenafil was administered as a first-line
drug from January 2003 to December 2010. All the patients
provided informed consent, and the administration of silde-
nafil was approved by the institutional review boards of the
hospitals.

All the patients enrolled underwent right-side heart cathe-
terization before the administration of sildenafil and during
the follow-up period. Furthermore, the 6-min walk distance
(6MWD) was determined, and the B-type natriuretic peptide
(BNP) level was measured before the administration of silde-
nafil and during the follow-up period.

Sildenafil Administration

In this study, sildenafil was administered as a first-line drug
after the diagnosis of PAH. The maximum dose of sildenafil
was 20mg t.i.d. as long as the adverse effects could be toler-
ated. Conventional therapies, such as appropriate diuretics
and oxygen therapy, were administered to all patients if such

therapies were judged as being necessary based on the severity
of the PAH and right-side heart failure.

Indication of Additional Epoprostenol and Bosentan

After the administration of sildenafil, the most appropriate
treatment for each patient was instituted based on the algo-
rithm.'516 If epoprostenol was added, the dosage was started at
Ing -min!-kg! and gradually increased to a dose of approxi-
mately 30ng - min-!-kg! at 6 months.

Bosentan was administered when the efficacy of sildenafil
was insufficient in terms of the clinical symptoms and objec-
tive findings or when the patient refused epoprostenol because
of the need to insert an indwelling catheter and having a pref-
erence for oral treatment. The maximum dose of bosentan was
125mg b.i.d. as long as all the adverse effects were tolerable.

Division of Patients Into 2 Groups According to the
Addition of Epoprostenol

All the enrolled patients were divided into 2 groups according
to the addition of epoprostenol. The patients given additional
epoprostenol were designated as the Epo(+) group, and those
without were designated as the Epo(~) group.

Statistical Analysis

The baseline characteristics, hemodynamic variables, and ob-
servation periods were compared between the 2 groups using
Student’s unpaired t-test. The proportion of each baseline
NYHA FC was compared by the chi-square test. Comparisons
of the time course of parameters between the 2 groups were
made by 2-way analysis of variance for repeated measures,
followed by Newman-Keuls test. The curves of the event-free
rates according to the addition of epoprostenol, the event-free
rates according to the composite endpoint of hospitalization
for right-side heart failure and death, and the estimated sur-
vival rates were derived using the Kaplan-Meier method and
compared using the log-rank test. A univariate analysis based
on the proportional hazards model was used to examine the
relationship between events such as death or hospitalization
or the addition of epoprostenol and parameters such as the
baseline characteristics and hemodynamics. The results were
expressed as hazard ratios with 95% confidence intervals. A
multivariate analysis based on the Cox proportional hazards
regression model was used to examine the independent effect
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of each variable on the events. The comparison of the propor-
tion of underlying diseases between the younger group and the
older group was made using chi-square test for independence.
All the data are expressed as the mean *standard deviation. A
value of P<0.05 was considered statistically significant.

Results

Baseline Characteristics and Changes in Hemodynamics,
BNP, 6MWD, and NYHA FC in the Enrolled Patients as a
Whole After Sildenafil Monotreatment

The baseline characteristics of all the patients enrolled in the
study are shown in Table 1. The follow-up examinations,
including right-side heart catheterization, were performed just
before the addition of epoprostenol or bosentan to the treat-
ment regimen. The patients who did not require additional
treatment during the observation period were analyzed using
the final follow-up data until December 2010. Therefore, our
follow-up data for the hemodynamics, 6MWD, and BNP were
obtained during sildenafil monotreatment. The average obser-
vation period was 21122 months, and none of the patients
were lost to follow-up.

A comparison of the hemodynamics at baseline and after
sildenafil treatment is presented in Figure 1. The hemody-
namic parameters, such as the PVR (14.6+8.7 vs, 11.6+ 8.6
Wood units, P<0.05), mean pulmonary arterial pressure (PAP:
52.1%14.0 vs. 45.7£15.7mmHg, P<0.01), mean right atrial
pressure (RA: 8.0+5.5 vs. 6.4+4.4mmHg, P<0.05), and car-
diac output (CO: 3.7+1.6 vs. 4.2£1.9 L/min, P<0.05), improved
significantly after sildenafil treatment in the enrolled patients
as a whole.

Furthermore, the BNP and 6MWD at baseline and after silde-
nafil treatment were also compared. Some 6MWD and BNP
follow-up data were missing, and some patients refused the
6MWD examination because of the presence of a gait disorder

Change i

mpioved /2 classe:
i

AR
orse

néd 1 class

4 (8.7)
NYHA FC, New York Heart Association functional class.

or dyspnea. The BNP (n=30) tended to be lower after sildena-
fil treatment, although the difference was not significant (332t
362 vs. 2471382 pg/ml, P=NS). The 6MWD results (n=16)
improved significantly (352104 vs. 422+102m, P<0.05).

During the observation period of sildenafil monotreatment,
the NYHA FC either improved (n=12, 26.1%) or was main-
tained (n=30, 65.2%) in 42 of 46 patients, and worsened in 4
patients (8.7%) (Table 2).

Baseline Characteristics and Hemodynamic Ghanges in
Patients Treated With or Without Epoprostenol

The patients were divided into 2 groups based on their clinical
course. The Epo(-) group (n=31; 67% of all the enrolled pa-
tients) comprised patients who did not receive epoprostenol
(3 of the 31 patients additionally received bosentan), and the
average follow-up period was 25423 months. The Epo(+)
group (n=15; 33% of all the enrolled patients) comprised pa-
tients who were additionally treated with intravenous epopro-
stenol (4 of those 15 patients additionally received bosentan),
and the average follow-up period was 12+18 months. The
baseline characteristics of the Epo(~) and Epo(+) groups are
shown in Table 1. The age of the Epo(+) group was signifi-
cantly younger than that of the Epo(-) group.
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Figure 2. Hemodynamic changes during the observation period of sildenafil monotreatment among patients grouped according
to the addition of epoprostenol (Epo) treatment. The red circles show the hemodynamic changes in the Epo(+) group, comprising
patients treated with additional epoprostenol, and the biue circles show the hemodynamic changes in the Epo(-) group, compris-
ing patients without additional epoprostenol treatment. At baseline, the mean PAP and PVR of the Epo(+) group were signifi-
cantly higher than those of the Epo(~) group. The PVR, mean PAP, mean RA, and CO all improved significantly with sildenafil
treatment in the Epo(~) group. However, these parameters did not change significantly in the Epo(+) group. The data are the
mean*SD. *P<0.05 vs. baseline Epo(+) group; tP<0.05 between baseline and after sildenafil; ¥P<0.05 between the 2 groups in
the time-course changes. CO, cardiac output; PAP, pulmonary arterial pressure; PVR, pulmonary vascular resistance;

The hemodynamics at baseline, before the administration of
sildenafil, of the 2 groups is presented in Figure 2. No sig-
nificant differences in the mean RA or CO were observed at
baseline. However, the mean PAP and the PVR were signifi-
cantly higher in the Epo(+) group than in the Epo(-) group
at baseline. All the hemodynamic parameters improved sig-
nificantly after sildenafil treatment, compared with the base-
line values, in the Epo(~) group (mean PAP, 47.4+10.8 vs.
38.0+9.4mmHg, P<0.01; mean RA, 7.0+4.9 vs. 5.0£3.1 mmHg,
P<0.05; PVR, 12.8+8.2 vs. 7.4+3.6 Wood units, P<0.01; CO,
3.9£1.7 vs. 4.6x1.9L/min, P<0.05). On the other hand, no
significant differences in any of the hemodynamic parame-
ters were observed after sildenafil treatment, compared with
the baseline values, in the Epo(+) group (mean PAP, 61.8+
15.3 vs. 61.7+13.9mmHg, P=NS; mean RA, 10.1£6.1 vs. 9.3%
5.1mmHg, P=NS; PVR, 18.2+8.7 vs. 20.33£9.4 Wood units,
P=NS; CO, 3.441.2 vs. 3.3£1.6L/min, P=NS). There were
significant differences between the 2 groups in the time-course
of changes of all 4 parameters. However, there was a signifi-
cant difference in the observation period between the 2 groups,
so the possibility cannot be ruled out that this difference may
have affected the statistical results.

Event-Free Rate According to the Addition of Epoprostenol
“Event” was defined as the addition of epoprostenol therapy.
The Kaplan-Meier event-free curve was then determined ac-

cording to the addition of epoprostenol, as shown in Figure 3A.
The observation period was 33127 months. The percentage of
patients treated without the addition of epoprostenol was 80%,
70%, and 63% at 1, 3, and 5 years, respectively.

During the observation period, 15 patients were treated with
additional epoprostenol. In 7 of them, epoprostenol was added
because of right-side heart failure. In remaining 8 patients, it
was added because of deterioration in NYHA FC, worsening
of clinical symptoms or objective findings, and rapid progres-
sion of PAH, although without right-side heart failure.

Furthermore, we analyzed factors associated with the addi-
tion of epoprostenol. Age, mean PAP, and PVR at baseline
were related to the addition of epoprostenol according to uni-
variate analysis, and multivariate analysis demonstrated that
only age at baseline was independently related to the addition
of epoprostenol (Table 3). The median age of all the patients
was 40 years. The Kaplan-Meier event-free curves according
to the median age demonstrated that more of the patients aged
less than 40 years required the addition of epoprostenol at an
earlier stage, compared with the older patients (age >40 years)
(log-rank test, P<0.05) (Figure 3B). In particular, at 2 years
after the start of first-line sildenafil therapy, epoprostenol was
added to the treatment of approximately 20% of the patients
who were older than 40 years old, but 40% of the patients who
were younger than 40 years required the addition of epopros-
tenol. Meanwhile, we compared the proportion of underlying
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(A) Kaplan-Meier estimates according to the addition of epoprostenol treatment. The 1-, 3-, and 5-year rates for patients
treated without the addition of epoprostenol were approximately 80%, 70%, and 63%, respectively. (B) Kaplan-Meier estimates
according to the addition of epoprostenol treatment among patients grouped according to age. The overall median age was 40
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diseases between the younger group (idiopathic PAH, n=15;
secondary to connective tissue disease, n=5; associated with
portal hypertension, n=3) and the older group (idiopathic
PAH, n=9; secondary to connective tissue disease, n=11; as-
sociated with portal hypertension, n=3). There was no signifi-
cant difference between the 2 groups in the proportions of the
underlying diseases of PAH.

Survival Rate

In this study, 5 patients died during the observation period; 2
of them had refused epoprostenol therapy. The estimated sur-
vival rate is shown in Figure 4A. The observation period was
44126 months. The S-year survival rate after first-line sildena-
fil treatment was approximately 81%. We analyzed the factors
associated with survival. Univariate analysis demonstrated

P value

R/ (95% P value

HR, hazard ratio; Cl, confidence interval. Other abbreviations see in Table 1.

that only the mean RA was related to death (Table 4). All the
patients who died during the observation period were female,
and their baseline NYHA FC was I, Therefore, sex and
NYHA functional class were not included in the analysis.

Event-Free Rate According to the Composite Endpoint
The event-free rate for the composite endpoint of hospitaliza-
tion for right-side heart failure and death is shown in Figure 4B.
The observation period was 40+26 months. More than 75% of
the patients had not reached the composite endpoint at 5 years.
There were no significant variables related to the event in uni-
variate analysis.

Nine of the enrolled patients needed hospitalization because
of right-side heart failure; 7 needed additional epoprostenol
because of right-side heart failure and the remaining 2 patients,
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who did not have additional epoprostenol, died because of
rapid progression of right-side heart failure in the short term
after hospitalization.

Discussion

This study demonstrated the long-term outcome of sildenafil
administration as a first-line therapy. We found that: (1) all
hemodynamic parameters improved significantly after sildena-
fil treatment in the enrolled patients as a whole; (2) more than
60% of the enrolled patients did not require the addition of
epoprostenol for 5 years; (3) the patients who required addi-
tional epoprostenol were younger and had more severe hemo-
dynamic characteristics at baseline; and (4) more than 75% of
the patients did not reach the composite endpoint of hospital-
ization for right-side heart failure and death for 5 years.
Previous studies have demonstrated the efficacy of sildena-
fil for the treatment of PAH.!"1217-24 I the evidence-based
algorithm established at Dana Point in 2008, sildenafil was
defined as a first-line drug for PAH in patients with WHO
functional class Il or IL.'6 In the present study, all the hemody-
namic parameters and exercise capacity, as evaluated using the

6MWD, improved significantly after sildenafil treatment in the
enrolled patients as a whole, and the BNP level tended to de-
crease. These results suggest that sildenafil is effective for the
treatment of PAH, even when it is administered as a first-line
therapy, and are consistent with the evidence-based algorithm.
Furthermore, we analyzed the changes of NYHA FC during
the observation period of sildenafil monotreatment (Table 2).
The SUPER-2 study reported that the majority of patients who
entered the SUPER-1 trial improved or maintained their FC
and 6MWD.!2 Similar to the results of SUPER-2 study, the
present study demonstrated that sildenafil monotreatment re-
sulted in maintenance or improvement of NYHA FC in the
majority of all enrolled patients (91.3%). Therefore, we con-
sider that these results demonstrate the superiority of sildenafil
as a first-line drug for PAH. Moreover, we analyzed the chang-
es in hemodynamic parameters according to the addition of
epoprostenol. In our results, all the hemodynamic parameters
improved significantly after sildenafil treatment in the Epo(~)
group, whereas no significant differences in any of the hemo-
dynamic parameters were observed in the Epo(+) group. The
baseline PVR and mean PA were significantly higher in the
Epo(+) group compared with the Epo(—) group. These results
suggest that first-line sildenafil monotreatment only was not
sufficient to improve hemodynamics in patients who were
more severe at baseline. However, this can lead to the sugges-
tion that any hemodynamic parameter in the Epo(+) group was
not significantly worsened, meaning that sildenafil treatment
contributes to maintenance of clinical stability even in the
baseline severe patients. It is consistent with maintenance of
NYHA FC shown in Table 2.

Furthermore, in the present study, we focused on the oc-
currence of events, such as the addition of epoprostenol and
the composite endpoint of hospitalization for right-side heart
failure and death. Epoprostenol is recognized as the most
powerful and effective treatment for PAH.?5% However, epo-
prostenol requires continuous infusion via an indwelling cath-
eter, limiting the quality of life of the patient and a risk of
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catheter infection. Thus, analyzing the clinical course of ad-
ditional treatment with epoprostenol after first-line sildenafil
monotreatment and investigating the characteristics of high-
risk patients are important. In the present study, the age of the
patients who required additional treatment with epoprostenol
was significantly younger than the other patients. The baseline
hemodynamics suggest that the severity of PAH among the
patients who required additional treatment with epoprostenol
was more severe than that of other patients. Furthermore, in
the multivariate analysis, age at baseline was the only variable
that correlated with the addition of epoprostenol. More pa-
tients under the age of 40 years (the median age) required the
addition of epoprostenol treatment at an earlier stage, com-
pared with the older patients. Thus, the severity of the disease
may progress more rapidly among younger patients. There
was no significant difference in the proportions of underlying
causes of PAH between the younger and older patients. These
findings suggest that patients who are younger or whose se-
verity assessment at baseline is severe have a strong possibil-
ity of requiring the addition of epoprostenol treatment, and
therapeutic efficacy may need to be frequently evaluated after
the start of first-line sildenafil treatment among these high-
risk patients to ensure timely introduction of epoprostenol
treatment. Baseline NYHA FC did not influence the require-
ment of additional epoprostenol therapy in the present study,
which suggests that the introduction of epoprostenol is pre-
scribed by the degree of progression of disease rather than by
the baseline disease status.

In this study, more than 75% of the patients did not reach
the composite endpoint of hospitalization for right-side heart
failure and death for 5 years after the start of first-line silde-
nafil therapy. In our study, 20%, 30%, and 37% of the enrolled
patients received additional treatment with epoprostenol at 1,
3, and 5 years, respectively, after the start of first-line sildena-
fil therapy. These findings raise the possibility that combina-
tion therapy should be considered for patients who fail to
improve or whose condition deteriorates after the start of first-
line sildenafil therapy and that a fairly good prognosis can be
expected if the severity assessment and the timing of epopro-
stenol introduction are appropriate.

The estimated 5-year survival rate after the start of first-line
sildenafil therapy was approximately 81%. Several studies
have demonstrated the survival in patients with PAH treated
in the modern management era.?’-3 Compared with the recent
studies, survival in this study was relatively better and was
obtained when sildenafil was used as a first-line monotherapy.
Therefore, it cannot be compared simply with the survival data
of recent studies in the modern management era, However, the
baseline NYHA FC HUIV in our study was 65% (there were
no patients with NYHA FC IV in this study), whereas that in
the recent studies was approximately 80%.27.2830 The differ-
ence in baseline NYHA FC may explain the difference
between the survival in our study and that in other recent stud-
ies. In the present study, all of the patients who died were in
NYHA FC I at baseline, demonstrating that baseline NYHA
FC is generally a strong prognostic factor in the mortality of
PAH patients. Our statistical analysis of variables associated
with overall death demonstrated that only the mean RA at
baseline was related to outcome, consistent with the results of
several previous reports demonstrating that the mean RA
strongly correlated with the outcome of patients with PAH. 23!
Variables arising from right-side overload, such as the mean
RA, may be better prognostic indicators, even when sildenafil
is used as a first-line therapy.
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Study Limitations

The study limitations are the insufficient observation period
and small population. A study with a longer observation period
and a larger number of patients is needed to confirm the pres-
ent results and to ensure their accuracy.

Conclusions

We have shown the long-term outcome of sildenafil when
used as a first-line therapy for patients with PAH. Our results
suggest that sildenafil is emerging as a promising first-line
drug for the treatment of PAH.
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