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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 Resuifs: 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 epoprostenocl 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.

Conciusions: 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

Puimonary Circulation

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.?

P ulmonary arterial hypertension (PAH) is defined as a

Editorial p1089

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%." Epo-
prostenol has increased the S5-year survival rate to 67%,
according to a report published in the United States in 1994.1¢
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)
Age, years 42+14
Sex, F/IM 38/8
NYHA FC I+1i/lil, n 16/30
mRA, mmHg 8.0+£5.5
mPAP, mmHg 52+14
PVR, Wood unit 14.6+8.7
CO, L/min 3.7+1.6
6MWD, m 349+97
BNP, pg/ml 334349

P value between
AT TR s mdc

35+10 4615 <0.01
12/3 26/5 NS
3/12 13/18 NS
10.1+6.1 7.0+4.9 NS

62+15 47+11 <0.01

18+8.7 13+8.2 <0.05
3.4+1.2 3.9+2.9 NS
332194 3644102 NS
317+347 345+358 NS

All the data are expressed as the mean+standard deviation.
Epo(+) group, patients who required additional epoprostenol treatment during the observation period; 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.

ethods

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 IIl. 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.%%1¢ 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, '3 If epoprostenol was added, the dosage was started at
1ng-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

Circulation Journal Vol.76, May 2012
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Unit PVR mmHg  mean PA
25 - 70
20 60 -
15~ 50 -
10 ~ 40 -
5 - 30 -
: 20 ,
baseline after baseline after
sildenafil sildenafil
mmHg  mean RA L/min CO
16~ 6 - T
12 4 5 - ﬁgi_ire"én Hemodynqmic ch_anges
during the observation period of
8 sildenafil monotreatment in the en-
" 4 rolled patients as a whole. Pulmonary
vascular resistance (PVR), mean pul-
4 3 - monary arterial pressure (mean PAP),
mean right atrial pressure (mean RA),
- and cardiac output (CO) improved
. . significantly with first-line sildenafil
baseline . after baseline . after therapy. Data are the meanzstandard
sildenafil sildenafil deviation (SD). *P<0.05 vs. baseline.

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.

Resulls

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

The baseline characteristics of all the patients enrolled in the
study are shown in Table I. 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, MWD, and BNP were
obtained during sildenafil monotreatment. The average obser-
vation period was 21x22 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£1.9L/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 in NYHA FC n (%)
Improved 2 classes 0(0)
Improved 1 class 12 (26.1)
No change 30 (65.2)
Worsened 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 (3524104 vs. 4224102 m, 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 Gharacteristics and Hemodynamic Changes 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 25123 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.

Circulation Journal Vol.76, May 2012
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: fi ! ' fi
baseline atter baseline atter
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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 blue 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+9.4 mmHg, P<0.01; mean RA, 7.0+4.9 vs. 5.0+3.1 mmHg,
P<0.05; PVR, 12.848.2 vs. 7.4+3.6 Wood units, P<0.01; CO,
3.9+1.7 vs. 4.6+1.91L/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, 18.248.7 vs. 20.319.4 Wood units,
P=NS; CO, 3.4+1.2 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 Fignre 3A.
The observation period was 33427 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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Univariate analysis Multivariate analysis
HR (95%Cl) P value HR (95%Cl) P value

Age 0.95 (0.91-0.99) <0.05 0.94 (0.90-0.99) <0.05
Sex 1.15 (0.324.12) NS - -
NYHA FC +I/11 0.38 (0.11-1.35) NS N -
mRA 1.09 (0.99-1.19) NS - -
mPAP 1.07 (1.03-1.12) P<0.05 1.05 (1.00-1.10) NS
PVR 1.06 (1.01-1.11) P<0.05 1.05 (0.96-1.13) NS
co 0.78 (0.53-1.17) NS - -
6MWD 0.99 (0.99-1.00) NS - -
BNP 1.00 (0.99-1.00) NS . .

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

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
44+26 months. The 5-year survival rate after first-line sildena-
fil treatment was approximately 81%. We analyzed the factors
associated with survival. Univariate analysis demonstrated

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 IIl. 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 40426 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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Age 0.98 (0.92—1.05)
mRA 1.26 (1.06-1.49) ' <0.05
mPAP 1.01 (0.96-1.06) NS
PVR 1.02 (0.92-1.13) NS
Co 0.84 (0.32-2.18) NS
6MWD 0.98 (0.96—1.01) NS
BNP 1.00 (0.99-1.00) NS

Abbreviations see in Tables 1,3.

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.212172¢ In 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 II or .16 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-
és 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.?52¢ 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 III/IV in our study was 65% (there were
no patients with NYHA FC 1V in this study), whereas that in
the recent studies was approximately 80%.%%%3% 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 III 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.2%31
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.

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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Subpleural Perfusion as a Predictor for
a Poor Surgical Outcome in Chronic
Thromboembolic Pulmonary Hypertension

Original Research

PULMONARY VASCULAR DISEASE

Nobuhiro Tanabe, MD, PhD, FCCP; Toshihiko Sugiura, MD; Takayuki Jujo, MD;
Seiichiro Sakao, MD, PhD; Yasunori Kasahara, MD, PhD, FCCP; Hideyuki Kato, RT;
Masahisa Masuda, MD, PhD; and Koichiro Tatsumi, MD, PhD, FCCP

Background: Small vessel disease is a major determinant of poor outcome after pulmonary endarter-
ectomy for chronic thromboembolic pulmonary hypertension (CTEPH). Out-of-proportion pulmo-
nary vascular resistance (PVR) may indicate the presence of small vessel disease, but it is a very
subjective evaluation. We investigated poor subpleural perfusion as a marker for small vessel disease
and assessed its association with disease severity and surgical outcome of CTEPH.
Methods: We assessed the subpleural perfused area in the capillary phase of pulmonary angiography
in 104 consecutive patients, including 45 who underwent surgery, and then divided the patients into
either the well-perfused group (the subpleural space in at least one segment was well perfused [n = 75])
or the poorly perfused group (subpleural spaces were either unperfused or minimally perfused
in all segments [n = 29]). We compared the pulmonary hemodynamics, degree of distal thrombi, and
surgical outcome between these two groups.
Results: The poorly perfused group had significantly higher PVR (937 =350 dyne/s/cm?
vs 754 + 373 dyne/s/cm?, P =.02) and more distal thrombi, resulting in fewer surgically treated
patients (27.6% vs 49.3%, P = .04) compared with the well-perfused group. This group showed a
higher surgical mortality (62.5% vs 2.7%) and higher postoperative PVR (656 + 668 dyne/s/cm?®
vs 319 = 223 dyne/s/cm’, P = .04). Even in a multivariate analysis, poor subpleural perfusion was
associated with surgical mortality.
Conclusions: Poor subpleural perfusion in the capillary phase of pulmonary angiography might
be related to small vessel disease and a poor surgical outcome of CTEPH.

CHEST 2012; 141(4):929-934

Abbreviations: CTEPH = chronic thromboembolic pulmonary hypertension; DSA = digital subtraction angiography;
PAP = pulmonary arterial pressure; PE = pulmonary embolism; PVR = pulmonary vascular resistance

Chronlc thromboembolic pulmonary hypertension
(CTEPH) is characterized by pulmonary hyperten-
sion caused by nonresolving thromboemboli of the
pulmonary artery. The true incidence and prevalence
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of CTEPH are unknown. From 0.1% to 0.5% of patients
who survive an episode of acute pulmonary embolism
(PE) have been reported to develop CTEPH.! A pro-
spective study that followed patients with acute PE
showed that 3.8% developed CTEPH within 2 years.2
However, up to 40% of the patients with CTEPH
demonstrate no clinically apparent acute embolic
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episodes.? In addition, Galié and Kim* suggested that
acute PE might be an initiating event and that pulmo-
nary hypertension may result from pulmonary vascular
remodeling (small vessel disease).

Although pulmonary endarterectomy is an effective
modality for the treatment of CTEPH, the most impor-
tant cause of mortality is the inability to reduce pulmo-
nary arterial pressure (PAP) due to small vessel disease.
A high pulmonary vascular resistance (PVR) without
parallel evidence of substantial proximal obstruction
suggests significant distal vasculopathy and an unsuc-
cessful postoperative outcome,*? but it is difficult to
evaluate the degree of pulmonary vascular remodeling
in CTEPH from the central portions of pulmonary
angiograms and the degree of PVR.

Patients with severe disease may show narrowing and
a complete obstruction of pulmonary arteries due to
thrombi as well as the elongation and pruning of pul-
monary arteries in nonobstructed areas by thrombi on
pulmonary angiograms. In these cases, subpleural
spaces are either unperfused or minimally perfused in
all segments in the capillary phase. In other cases, the
subpleural space is well perfused in at least one seg-
ment in a nonobstructed area. We hypothesized that
poor subpleural perfusion in all segments indicates
a severe degree of small vessel disease, resulting in a
poor outcome of surgery, and we retrospectively eval-
uated this hypothesis.

MATERIALS AND METHODS

Design and Subjects

This was a retrospective single-center cohort study involving
consecutive patients. Between July 2000 and December 2009,
110 patients were diagnosed with CTEPH at Chiba University
Hospital. CTEPH was defined as mean PAP =25 mm Hg with
a normal wedge pressure in patients who had dyspnea on exer-
tion for > 6 months. Additionally, lung perfusion scans were
required to demonstrate segmental or larger defects concomi-
tant with a normal ventilation scan. Helical CT scan angiog-
raphy also was performed to confirm the diagnosis and to exclude
large vessel arteritis and tumors. Finally, chronic thromboem-
bolic findings were confirmed by pulmonary angiography.s Ade-
quate selective angiography was performed in 104 of these
110 patients.

In the 104 cases, there were more female patients (n = 70) than
male patients (n=134). The age at catheterization ranged from 16 to
78 years (mean * SD, 55.3 % 13.0). Altogether, 43 patients (41.3%)
had a history of DVT, 28 (26.9%) showed abnormalities in the
screening for coagulopathy, and 23 (22.1%) had antiphospho-
lipid antibodies. The mean PAP, cardiac index, and PVR were
446+11.9 mm Hg, 2.59%0.66 L/minm?, and 814 400 dyne/s/cms,
respectively. Pao, while breathing room air was 58.3 + 10.6 mm Hg.
The 6-min walk distance while breathing appropriate oxygen
was 344 89 m. The number of patients in each World Health
Organization functional class was as follows: class 1, n = 3; class 2,
n=29; class 3, n =67; class 4, n =5,

930

Pulmonary Endarterectomy Criteria

The selection criteria for pulmonary endarterectomy were
slightly modified from those defined by Moser and colleagues.”
Our criteria were (1) a mean PAP >30 mm Hg, resulting in a
calculated PVR of > 300 dyne/s/cm?, even after oral antico-
agulant therapy for >6 months; (2) World Health Organization
functional class of =2; (3) thrombi defined as accessible to cur-
rent surgical techniques (ie, presence at main, lobar, or seg-
mental arteries); and (4) the absence of severe associated disease.
Forty-five patients underwent pulmonary endarterectomy. Fifty-
nine patients were excluded from surgery because of mild dis-
ease (mean PAP = 30 mm Hg) (n = 12), relatively peripheral-type
thrombi (n=42), and other associated conditions (age >70 years,
n=23; COPD, n = 1; thrombocytopenia, n=1).

Pulmonary Angiography

Informed consent was obtained regarding the performance
and risk of right-sided heart catheterization and digital subtraction
angiography (DSA) and the respective exposure to radiation and
contrast media. Serum creatinine level never exceeded 1.5 mg/dL.
Pulmonary angiography was done in conjunction with right heart
catheterization. For pulmonary DSA (Infinix; Toshiba Medical
Systems Corporation), the right- and left-side pulmonary arteries
were selectively catheterized using a 7F Berman catheter.

Arteriograms were acquired at 2 to 3 frames/s. Posteroanterior
and lateral projections of each lung were obtained. The con-
trast bolus consisted of 18 to ~20 mL contrast material with
iodine 300 mg/mL for each of the four series. The flow rate was
9 to ~10 mL/s. DSA images were digitally recorded and printed
and then analyzed at a PACS workstation (DrABLE-EX; Fujitsu
Limited).

We assessed the subpleural perfused area to be =1.5 cm
(approximately one rib width) from the lateral pleura in the capil-
lary phase of selective pulmonary angiography in the right- and left-
side posterior and anterior views followed by lateral views
of the dorsal area, and then divided the patients into either the
well-perfused group (subpleural space in at least one segment
was well perfused) (Fig 1) or the poorly perfused group (subpleural
spaces were either unperfused or minimally perfused in all seg-
ments) (Fig 2). The analysis of pulmonary angiograms was done by
two trained pulmonologists blinded to the patient’s identity. To
fully visualize subpleural perfusion, the level and contrast needed
to be adjusted on the PACS workstation by each observer. The
interobserver agreement between the two investigators also
was confirmed by the McNemar test for the first 50 patients
(k= 0.67, P <.0001, n =50). Final evaluations were achieved
by consensus.

Assessment of the Extent of Central Thrombi
and Intraoperative Classification

Using the Bergin method by CT scan angiography, the central
arteries were defined as vessels proximal to the segmental branches
and were divided into four portions. The central disease score was
quantified by adding up the number of abnormal central portions
in each patient up to a maximum score of 4.° Thromboembolic
disease was visualized during surgery, and each patient was
classified into one of the following four groups as reported by
Thistlethwaite et all® (intraoperative classification): type 1, fresh
thrombus in the main lobar pulmonary arteries; type 2, intimal
thickening and fibrosis proximal to the segmental arteries; type 3,
disease within the distal segmental arteries only; and type 4, distal
arteriolar vasculopathy without visible thromboembolic disease.

The study was approved by the ethics committee of Chiba Uni-
versity (approval number 826). Written informed consent was
obtained from each patient before catheterization.
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FIGURE 1. A, B, Capillary phase of pulmonary angiograms (A) and endarterectomized material (type 1)
(B) in a well-perfused case (pulmonary arterial pressure, 73/23 [41] mm Hg; cardiac index, 2.1 L/min/m?

PVR, 823 dyne/s/cm?).

Statistical Analysis

The statistical analysis was performed using a commercially avail-
able software program (JMP 9 [Japanese version]; SAS Institute Inc).
Comparisons of the well-perfused and poorly perfused groups
in terms of the subpleural space were performed using the
unpaired Student ¢ test for continuous variables and by either
the X2 test or the Wilcoxon test for categorical data, where appro-
priate. Risk factors for in-hospital death in the surgical group
were identified using a univariate or multivariate logistic regres-
sion analyses. Correlations between postoperative PVR and
preoperative parameters were analyzed by either univariate or
multivariate linear regression analysis. P<.05 was considered to
be significant.

REsuULTS

Seventy-five patients comprised the well-perfused
group, and 29 patients comprised the poorly per-
fused group. The poorly perfused group had a sig-
nificantly higher mean PAP (49.5+10.5 mm Hg
vs 42.7+11.9 mm Hg, P =.008) and PVR (969 *
428 dyne/s/cm® vs 754+ 367 dyne/s/cm?, P = .013)
and a lower central disease score compared with
the well-perfused group, resulting in fewer patients
meeting the operative criteria (27.6% vs 49.3%, P=.04)
(Table 1). The overall hospital mortality after surgery

B

FIGURE 2. A, B, Capillary phase of pulmonary angiograms (A) and endarterectomized material (type 4)

(B) in a poorly perfused case (pulmonary arterial
3.11 L/min/m?% PVR, 1,414 dyne/s/cm®). The picture o

sion by Motomi Ando, MD, PhD.

www.chestpubs.org

Fressure, 113/36 [62] mm Hg; cardiac index,
thrombotic material was provided with permis-
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Table 1—Comparison of Clinical Characieristics Between the Well-Perfused and Poorly Perfused Groups

Parameter Well Perfused (n =75) Poorly Perfused (n=29) P Value
Age,y 56.9+ 116 51.8+116 08
Female sex, No. 52 18 48
Acute embolic episodes, % 50.7 44.8 59
Underlying disease, %

DVT 42.7 44.8 .84

Coagulopathy 30.7 17.2 15

Anticardiolipin antibody 25.3 13.8 19
Hemodynamics
Mean right atrial pressure, mm Hg 50+4.0 8.1%5.1 .0015
Mean PAP, mm Hg 42.7+11.9 49.5+105 .008
Cardiac index, I/min/m? 2.66 +0.69 2.41+0.53 .08
PVR, dy'ne/s/ cm? 754 + 367 969 + 428 .013
Pao,, mm Hg 58.6 +10.7 57.4+105 .62
WHO functional class, No. .009

I 3 0

II 25 4

111 46 21

v 1 4
6-min walk distance, m 354 + 87 317492 07
Central disease score, No. 027

0 18 16

1 27 8

2 18 4

3 10 1

4 2 0
Surgical cases, % 49.3 27.6 04

Data are presented as mean * SD, unless otherwise indicated. PAP = pulmonary arterial pressure; PVR = pulmonary vascular resistance;

WHO = World Health Organization.

was 13.3% (six of 45). Five patients died of residual
pulmonary hypertension, whereas one patient in the
poorly perfused group died of bleeding. The poorly
perfused group had more patients with type 3 or
4 disease during surgery and showed a significantly
higher hospital mortality (62.5% vs 2.7%, P <00001)
and higher postoperative PVR than the well-perfused
group (Table 2). Although a univariate logistic regres-
sion analysis showed that a lower 6-min walk distance
and poor subpleural perfusion to be associated with
hospital death, a multiple regression analysis revealed
that only poor subpleural perfusion was associated
with hospital death (Table 3). The postoperative PVR
was significantly correlated with the preoperative
PVR, 6-min walk distance, World Health Organiza-
tion functional class, and subpleural perfusion by
univariate regression analysis. Multivariate regression
analysis revealed poor subpleural perfusion to be an
independent significant predictor for postoperative
PVR (Table 4).

DiISCUSSION

Poor subpleural perfusion was found to be associ-
ated with surgical mortality as well as with a higher
postoperative PVR. Even in a multivariate analysis,
poor subpleural perfusion was associated with poor

932

surgical outcome, although the poorly perfused group
showed significantly more severe disease and more
distal thrombi compared with the well-perfused group
at baseline. To our knowledge, this report is the first to
show poor subpleural perfusion to be associated with
poor surgical outcome of patients with CTEPH.
Several issues still need to be considered when inter-
preting these results. First, we hypothesized that poor
subpleural perfusion in all segments would reflect
the degree of the severity of small vessel disease. As
expected, the poorly perfused group showed a signif-
icantly lower central disease score, more cases of type 3
and 4 disease, and a higher PVR, suggesting a greater
contribution of small vessel disease than that of the
central thrombi to the severe pulmonary hemodynamic
impairment in this group. In addition, poor subpleural
perfusion was significantly associated with surgical
mortality. Galié and Kim* categorized the mechanism
for small vessel disease seen in CTEPH into three
processes as follows: (1) obstruction of small subseg-
mental elastic arteries, (2) classic pulmonary arteriopa-
thy in small muscular arteries and arterioles distal
to nonobstructed elastic pulmonary arteries, and
(3) arteriopathy in small muscular arteries and arteri-
oles distal to obstructed elastic pulmonary arteries. We
excluded some cases with high PVR with respect to
only subsegmental emboli or a few segmental emboli
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Table 2—Comparison of Surgical Ouicome Between Well-Perfused and Poorly Perfused Groups

Parameter Well Perfused (n = 37) Poorly Perfused (n=8) P Value
Preoperative mean PAP, mm Hg 46.7£11.0 56.8+6.2 017
Preoperative PVR, dyne/s/cm? 857 342 1,184 = 344 .019
Intraoperative classification
Type, No. <.0001

1 32 5

2 5 0

3 0 2

4 0 1
Postoperative mean PAP, mm Hg 24.8+9.7 36.3+18.9 .08
Postoperative PVR, dyne/s/cm5 319 +223 656 - 668 .04
Surgical mortality, No. (%) 1(2.7) 5 (62.5) <0001

Data are presented as mean * SD, unless otherwise indicated. See Table 1 for expansion of abbreviations.

from surgery. However, we had five patients with
type 1 disease based on the intraoperative classification
in the poorly perfused group, two of whom died of per-
sistent pulmonary hypertension. Small vessel disease
could have been present, even though the cases were
classified as type 1 disease while also showing central
thrombi.

Second, there have been several reports showing a
higher PVR to be a significant prognostic factor for
surgery.>5512 In the present surgical series, the pre-
operative PVR in the surgical death cases was slightly
higher than that in survivors (1,115 260 dyne/s/cm?
vs 884369 dyne/s/cm?, P =.15), but it did not reach
significance. Excluding the patients with a high PVR
without substantial proximal obstruction may result in
a smaller contribution of the PVR to the surgical out-
come in our series.

Third, predicting the postoperative PVR is important
because residual pulmonary hypertension correlates
with surgical risk as well as with a poor quality of life at
follow-up,1314 although a recent article reported that
patients with residual pulmonary hypertension still
do extremely well in the long term after surgery.’
The presence of poor subpleural perfusion significantly
correlated with postoperative PVR according to a mul-
tiple regression analysis. Thistlethwaite et al'® reported
that type 3 or type 4 diseases correlated with a higher
postoperative PVR. Although the poorly perfused
group included more patients with type 3 or 4 disease,
the preoperative angiographic marker could be more

helpful than intraoperative classification for deter-
mining the surgical indications and predicting post-
operative PVR.

Fourth, we excluded 42 patients with relatively
peripheral-type disease from surgery because of
peripheral thrombi and out-of-proportion PVR with-
out substantial proximal obstruction. A number of
good surgical candidates may have been excluded from
surgery in this series because out-of-proportion PVR
is a subjective evaluation. Angiographic evaluation of
the subpleural perfusion in addition to the out-of-
proportion PVR may be needed to assess small vessel
disease and improve patient selection for surgery.

Fifth, the use of CT scan pulmonary angiograms
recently has been substituted for invasive pulmonary
angiograms in the diagnosis of CTEPH. However,
the present data indicate that pulmonary angio-
grams still play an important role in the evaluation
of small vessel disease. Therefore, pulmonary angio-
gram remains an important tool in the preoperative
evaluation of patients with CTEPH despite recent
improvements in CT scan puhnonary angiograms.

Sixth, the guidelines show that the surgical mor-
tality of 13.3% in the present series is higher than
that of the current best CTEPH centers (4%-7%),16
although it had decreased to 10% over the past
5 years. This higher mortality may be associated with
inexperience in our center (fewer than five cases per
year) rather than with the poor subpleural perfusion
by angiographic evaluation.

Table 3—Preoperative Parameters Associated With Surgical Death by Univariate and Multivariate Logistic
Regression Analyses

Univariate Analysis

Multivariate Analysis

! 1
P Value P Value

Preoperative Assessment OR (95% CI) OR (95% CI)

Mean PAP 1.075 (0.99-1.185) .10

PVR 1.007 (0.999-1.004) 147
6-min walk distance 0.985 (0.968-0.997) .031 0.985 (0.959-1.003) 12
Subpleural perfusion (well vs poorly) 0.017 (0.0007-0.143) .001 0.0197 (0.00049-0.248) .0019

See Table 1 legend for expansion of abbreviations.
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Table 4—Correlation Between Preoperative Parameters and Postoperative PVR by Univariate and Multivariate
Regression Analyses

Univariate Analysis

Multivariate Analysis

I
Partial Regression Coefficient

1 [
P Value Partial Regression Coefficient

Preoperative Assessment P Value
Mean PAP 1.85 .07
PVR 2.59 .014 1.28 21
6-min walk distance —-2.18 .037 —-0.73 35
WHO functional class 2.40 .02 1.69 .10
Central disease score —1.64 11

Subpleural perfusion (well = 1, poorly = 0) —2.86 007 —2.39 024

See Table 1 legend for expansion of abbreviations.

A finally limitation of the present study is related to
it being retrospective and based on findings at a single
institution. The results need to be confirmed prospec-
tively in a large series from multiple institutions.

In conclusion, poor subpleural perfusion in the capil-
lary phase of pulmonary angiography might be a useful
new marker for small vessel disease. It may also be asso-
ciated with a poor surgical outcome of CTEPH.
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Survival of Japanese Patients with Pulmonary Arterial
Hypertension after the Introduction of Endothelin Receptor
Antagonists and/or Phosphodiesterase Type-5 Inhibitors

Seiichiro Sakao, Nobuhiro Tanabe, Yasunori Kasahara and Koichiro Tatsumi

Abstract

Objective Although endothelin receptor antagonists (ERAs) and phosphodiesterase type 5 (PDES) inhibitors
have become the most commonly used treatments for pulmonary arterial hypertension (PAH) since their in-
troduction in 2005, it remains unknown whether these medications play a significant role in the survival of
Japanese patients with PAH.

Methods The cardiac catheterization and survival data of 103 PAH patients were retrospectively reviewed.
A comparison of survival benefits with regard to the type of PAH was completed in PAH patients diagnosed
between 2005 and 2012 and those diagnosed between 1983 and 2004 and in patients undergoing treatment
with ERAs and/or PDES inhibitors and those being treated with conventional therapy and/or oral beraprost.
Although pulmonary vascular resistance (PVR) at baseline differed, the more recent group showed better sur-
vival rates compared with those observed in the early group (5-year survival: 70.1% vs. 44.8) (p<0.05). In
addition, the survival of PAH patients treated with ERAs and/or PDES inhibitors was superior to that of the
patients treated without these medications (5- and 8-year survival: 77.8% and 66.7% vs. 39.0% and 37.0%,
respectively) (p<0.05), especially in patient with idiopathic and heritable PAH.

Conclusion Superior survival rates are observed in patients with idiopathic and heritable PAH after intro-

duction of ERAs and PDES inhibitors, and the use of these drugs provides benefits for survival.

Key words: pulmonary arterial hypertension (PAH), endothelin receptor antagonists (ERAs), phosphodi-

esterase type 5 (PDES) inhibitors

(Intern Med 51: 2721-2726, 2012)
(DOI: 10.2169/internalmedicine.51.8162)

Introduction

An important pathological feature of pulmonary arterial
hypertension (PAH) is pulmonary vascular remodeling asso-
ciated with marked proliferation of pulmonary artery endo-
thelial cells (ECs) and/or smooth muscle cells (SMCs) as
well as components of the extracellular matrix that results in
the obstruction of blood flow in resistant pulmonary arter-
ies (1, 2). Moreover, it appears that all of these conditions
ultimately lead to signaling imbalances between vasocon-
strictive (e.g., endothelin) and vasodilatory (e.g., prostacy-
clin and nitric oxide) compounds (3).

There are three classes of drugs approved for the

evidence-based treatment of PAH (4): prostacyclin analogues
(e.g., epoprostenol, beraprost, treprostinil and iloprost
[treprostinil and iloprost are approved outside Japan]), endo-
thelin receptor antagonists (ERAs) (5, 6) (e.g., ambrisentan
and bosentan) and phosphodiesterase type 5 (PDES) inhibi-
tors (7) (e.g., sildenafil and tadalafil). These drugs, which
are currently used for the treatment of PAH, act not only by
opposing any abnormal vasoconstriction, but also by inhibit-
ing the growth of normal SMC (2). Because the drugs cur-
rently approved to treat PAH are not curative, patients re-
quire long-term therapy. In addition, long-term use of these
drugs may provide sustained benefits in terms of exercise
capacity and pulmonary hemodynamics in comparison to
placebos or historical controls in patients with PAH (3).

Department of Respirology (B2), Graduate School of Medicine, Chiba University, Japan
Received for publication May 14, 2012; Accepted for publication July 3, 2012

Correspondence to Dr. Seiichiro Sakao, sakaos @faculty.chiba-u.jp



Intern Med 51: 2721-2726, 2012 DOI: 10.2169/internalmedicine.51.8162

Because of their availability and convenience, oral drugs
(e.g., ambrisentan, bosentan, sildenafil and tadalafil) have re-
cently become common treatments for PAH in Japan after
being introduced in 2005. However, it remains to be eluci-
dated whether these oral medications significantly improve
survival in Japanese patients with PAH in comparison to
conventional therapy.

Historically, the management of patients with PAH has
been limited to conventional therapies such as anticoagu-
lants, calcium channel blockers, diuretics, digoxin and sup-
plemental oxygen. Beraprost was the first orally active and
chemically stable prostacyclin analog to be developed and
has been available for the treatment of PAH in Japan since
1992. Patients treated with beraprost demonstrate improve-
ments in exercise capacity and symptoms within short-term
durations (8). However, no beneficial effects of oral bera-
prost are observed on exercise capacity at nine or 12
months (9). This indicates that oral beraprost may not have
sustained long-term effects. Therefore, this drug has a weak
recommendation in the PAH evidence-based treatment algo-
rithm (4) and has been approved only in Japan and Ko-
rea (10). In fact, because of its cost and availability, oral
beraprost was the first-line therapy for PAH in Japan before
the approval of ERAs and PDES inhibitors for the treatment
of PAH. Therefore, in this study, the beneficial effects of
ERAs and PDES inhibitors on survival were evaluated with-
out regard to oral beraprost therapy.

The aim of this study was to investigate cumulative sur-
vival benefits with regard to types of PAH in patients with
PAH after the introduction of ERAs and PDES inhibitors in
comparison to those observed in patients treated with con-
ventional therapy and/or oral beraprost.

Materials and Methods

Study subjects

From June 1983 to February 2012, 103 patients older
than 15 years with PAH were treated at Chiba University
Hospital. In all patients, the diagnosis of PAH was estab-
lished using cardiac catheterization and based on a docu-
mented mean pulmonary arterial pressure >25 mmHg and a
pulmonary capillary wedge pressure or left ventricular end-
diastolic pressure <15 mmHg. All patients were classified as
Group 1.1 to 1.4 on the current Dana Point classifica-
tion (11). The study exclusion criteria were: 1) distal
chronic thromboembolic pulmonary hypertension; 2) pulmo-
nary veno-occlusive disease (PVOD) and/or pulmonary cap-
illary hemangiomatosis (PCH); 3) left heart disease; and 4)
chronic pulmonary disease (11). Although six of the 103 pa-
tients were classified as being in WHO function class IV,
only four patients were treated with intravenous infusion of
epoprostenol. Three of these patients were treated with
ERAs and/or PDES inhibitors before the introduction of
epoprostenol. According to Japanese legislation, informed
consent is not required for retrospective collection of data

corresponding to current practice. However, the database
was anonymized and complied with the restrictive require-
ments of the Ministry of Health, Labor and Welfare dedi-
cated to privacy, information technology and civil rights in
Japan. The Ethics Committees of Chiba University Hospital
approved the study protocol.

Efficacy measurements

The subjects were retrospectively divided into two groups:
those diagnosed between 1983 and 2004 (n=66) and those
diagnosed between 2005 and 2012 (n=37), since the intro-
duction of ERAs and PDES inhibitors in Japan occurred in
2005. The subjects were further separated into two groups:
those treated with ERAs and/or PDES inhibitors (n=36) and
those treated with conventional therapy, including anticoagu-
lants, calcium channel blockers, diuretics, digoxin, supple-
mental oxygen and/or oral beraprost and epoprostenol (n=
67). In this analysis, the most recent hemodynamic data ob-
tained before treatment were investigated. For more detailed
analyses, the subjects were divided into subgroups according
to types of PAH. The survival status of all patients was fol-
lowed on a yearly basis and at the end of the study. Five of
the 103 patients were lost to follow-up. The date of initia-
tion of ERAs and PDES5 inhibitors was selected as the start-
ing point to determine the survival period for assessing the
effects of the drugs. The survival rates were calculated for
all patients and by subgroups using Kaplan-Meier estimates.
The baseline demographic and hemodynamic data were in-
vestigated in all patients and by subgroups.

Statistical analysis

The data were analyzed using JMP 9.0.0 (Japanese ver-
sion, SAS Institute Inc., Tokyo, Japan) and the Excel-Toukei
2010 software program (Social Survey Research Information
Co., Ltd., Tokyo, Japan). All results are expressed as the
mean + the SD for continuous variables and as the number
or percentage for categorical variables. The baseline demo-
graphic and hemodynamic data were compared using un-
paired Student’s t-tests. The survival from all-cause death
was estimated using the Kaplan-Meier method, and differ-
ences between groups were examined for significance using
the log-rank test. Univariate and multivariate cox propor-
tional hazards models were used to investigate the independ-
ent effects of the factors on survival. A p value of 0.05 was
considered to be statistically significant.

Results

Baseline characteristics

One hundred and three patients with PAH were initially
enrolled in this study (Table 1). The mean patient age was
46.9+15.0 years (range: 15 to 75) with a 4:1 female to male
ratio. Forty-four patients (42.7%) were identified as having
idiopathic and heritable PAH. The patients were followed
for a mean period of 58.3+61.3 months and a median of



