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Abstract

We hypothesized that chronic oral administration of the phosphodies-
terase-5 inhibitor sildenafil could improve the exercise capacity and
pulmonary hemodynamics in patients with pulmonary arterial hyper-
tension (PAH) on the basis of previous short-term studies. We tested
this hypothesis in 14 subjects with PAH, including seven patients with
the idiopathic form and seven patients with atrial septal defects, but no
other congenital heart abnormalities. Patients were subjected to a 6-
min walk test and dyspnea was graded according to the Borg scale.
Pulmonary flow and pressures were measured by Doppler echocardi-
ography. Patients were given sildenafil, 75 mg orally three times a day,
and followed up for 1 year. Sildenafil therapy resulted in the following
changes: increase in the 6-min walk distance from a median value of
387 m (range 0 to 484 m) to 462 m (range 408 to 588 m; P < 0.01),
improvement of the Borg dyspnea score from 4.0 (median value) to 3.0
(P < 0.01), and increased pulmonary flow (velocity-time integral)
from a median value of 0.12 (range 0.08 to 0.25) to 0.23 (range 0.11 to
0.40; P <0.01) with no changes in pulmonary pressures. In one patient
with pulmonary veno-occlusive disease diagnosed by a lung biopsy,
sildenafil had a better effect on the pulmonary wedge pressure than
inhaled nitric oxide (15 and 29 mmHg, respectively, acute test). He
walked 112 m at baseline and 408 m at one year. One patient died at 11
months of treatment. No other relevant events occurred. Thus, chronic
administration of sildenafil improves the physical capacity of PAH
patients and may be beneficial in selected cases of veno-occlusive
disease.
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Introduction

Conventional vasodilator therapy for pul-
monary arterial hypertension (PAH), which
includes calcium channel blockers, has been
shown to have an impact on survival (1),

although the responders represent a limited
proportion of treated patients. From 1990 to
2000, sequential studies demonstrated the
beneficial effects of continuous intravenous
prostacyclin (epoprostenol) infusion on the
physical capacity, hemodynamics and sur-
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vival of patients with PAH (2-7). Subse-
quently, since 2000, controlled clinical trials
have demonstrated the efficacy of novel pros-
tacyclin analogues developed for oral (8),
subcutaneous (9) and inhaled (10) therapy.
In addition, based on the important patho-
physiological role of endothelin-1 in PAH
(11,12), the endothelin receptor antagonist
bosentan has been tested successfully (13,14).

In the last 2 to 3 years, additional new
compounds have been tested and are in dif-
ferent phases of approval by regulatory agen-
cies. These new therapeutic options include
sildenafil, a specific phosphodiesterase-5
inhibitor which is expected to promote a
sustained rise in cGMP levels within pulmo-
nary vascular smooth muscle cells. This
would enhance the vasodilator effects of
endogenous nitric oxide and natriuretic pep-
tides (15,16). The rationale for using silde-
nafil as a pulmonary vasodilator is that the
high concentration of phosphodiesterase-5
in lung tissue (17) would cause its effect to
be more restricted to the pulmonary circula-
tion.

Most of the accumulated knowledge on
the use of sildenafil in pulmonary hyperten-
sion is based on case reports or observation
of small patient groups (18-23). There are
few studies involving more than 10 patients
(24-26). In some of them, the acute effects of
sildenafil on the pulmonary circulation were
examined (27-29). In others, the drug was
tested in specific clinical conditions such as
lung fibrosis (30) and thromboembolic pul-
monary hypertension (31). The objective of
the present study was to investigate the long-
term effects of oral sildenafil administration
on the physical capacity of patients with
PAH. We also investigated whether improve-
ment of exercise tolerance, if any, would be
associated with changes in pulmonary he-
modynamics estimated noninvasively. We
included in the study patients with severe
PAH who could not walk any distance at
baseline, and one case of well-documented
pulmonary veno-occlusive disease (PVOD).
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After baseline evaluation, patients were fol-
lowed up for at least 1 year.

Patients and Methods
Patient group

The study included patients with PAH
who were admitted to the Heart Institute,
Sao Paulo, Brazil, for diagnosis and treat-
ment from March, 2002 to February, 2003.
In order to make the patient population as
homogeneous as possible, only patients with
idiopathic PAH (sporadic or familial) or ad-
vanced pulmonary vasculopathy associated
with an atrial septal defect were included.
These patients entered the study consecu-
tively. Patients with chronic airway obstruc-
tion, pulmonary thromboembolism, connec-
tive tissue disease, and schistosomiasis were
excluded. In our patient population, there
was no history of fenfluramine ingestion and
no clinical or laboratory evidence of human
immunodeficiency virus infection. A mean
pulmonary artery pressure above 30 mmHg
at rest in the presence of normal pulmonary
artery wedge pressure (<15 mmHg), obtained
during cardiac catheterization before the
study, was considered necessary for patient
inclusion. Patients with class II to IV symp-
toms (New York Heart Association) entered
the study if they were stable and assisted on
an outpatient basis. They were enrolled if
they walked a maximum of 500 m during the
6-min walk test, although we did not estab-
lish any lower limit for inclusion. During the
study, patients were kept on anticongestive
therapy (cardiac glycosides and diuretics) if
necessary, as well as warfarin. However, no
vasodilators other than sildenafil were used
prior to or during the study. In particular,
prostacyclin analogues and bosentan were
not administered to any patient. The proto-
col was approved by the Scientific Commit-
tee of the Heart Institute (SDC 2072/02/79)
and the local ethics committee (CAPPesq
851/02) and patients gave written informed
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consent to participate in the study.
Study protocol

Having met the criteria for inclusion,
patients were hospitalized for pre-treatment
(baseline) evaluation and for the first 72 h of
drug administration. Evaluation consisted of
a 6-min walk test, classification of dyspnea
at rest and at the end of the walk test accord-
ing to the Borg criteria, and echocardio-
graphic estimation of pulmonary pressures
and flow. Systemic parameters were also
recorded. Patients were given sildenafil 75
mg orally three times a day, and tests were
repeated at 72 h. Those who did not have any
significant adverse events were kept on thera-
py. At 6 months, an attempt was made to
reduce the sildenafil dose to 50 mg three
times a day. Subsequent evaluations were
performed at 3 months, 6 months and 1 year.
All patients were kept on sildenafil after the
end of the study period. Follow-up informa-
tion on patients who have been treated for 12
to 22 months is also provided.

Outcome measures

The 6-min walk test, which consists of
determining the distance a patient could walk
in 6 min, was performed according to a
standardized protocol (32). The perceived
patient breathlessness at rest and at the end
of the 6-min walk was graded according to
the Borg dyspnea scale which consists of
scores of 0 to 10, with higher values indicat-
ing more severe discomfort (33). Rest and
post-exercise peripheral oxygen saturation
was measured by pulse oximetry. Doppler
echocardiographic estimation of pulmonary
hemodynamics was carried out as previously
described (34). Briefly, pulmonary pressures
were estimated using continuous-wave Dop-
pler recording. The systolic pulmonary ar-
tery pressure, assumed to be equal to the
systolic right ventricular pressure, was de-
termined using the maximal tricuspid regur-

gitation jet velocity. The mean and diastolic
pulmonary artery pressures were obtained
from the curve of pulmonary regurgitation.
Pulmonary flow was estimated using pulsed
Dopplerrecording, with the cursor positioned
in the midpoint of the pulmonary annulus.
The systolic flow velocity was recorded as a
function of time. The area under the curve
was calculated and reported as the velocity-
time integral (VTI). Heart rate and mean
systemic pressure were measured noninva-
sively. In one patient with documented
PVOD, an acute vasodilator trial with silde-
nafil was performed with invasive assess-
ment of cardiopulmonary hemodynamics
(right heart catheterization).

Safety procedures

Laboratory tests including evaluation of
hepatic and renal function as well as com-
plete ophthalmologic examination were per-
formed at baseline and every 3 months for all
subjects receiving sildenafil. As an attempt
to detect any adverse effects or changes in
the clinical status, patients underwent medi-
cal evaluation every 2 weeks for 6 months
and monthly thereafter.

Statistical analysis

The null hypothesis of the study was that
there would be no differences between re-
sults obtained during sildenafil therapy and
those obtained at baseline. The most impor-
tant variables in the study, e.g., the 6-min
walk distance, the Borg dyspnea score and
pulmonary VTI and pressures could not be
assumed to have normal (Gaussian) distribu-
tion. We therefore decided to express all the
results as median and range. Results ob-
tained at 72 h, 3 months, 6 months, and 1
year of treatment were compared with base-
line values as repeated measures in the same
subject. For this purpose, Friedman’s test
(so-called Friedman’s ANOVA) was used
first. If differences were detected, the New-
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man-Keuls multiple comparison test was
applied in an attempt to determine which
specific values were significantly different
from baseline. All tests were two-sided. The
null hypothesis was rejected in the presence
of P values <0.05.

Results
General patient data

Individual patient data at baseline are
listed in Table 1. Fourteen patients (11 fe-
males) aged 33 + 12 years (median 31, range
15 to 53 years) were enrolled. Except for 2
patients, the time of symptoms prior to the
study ranged from 2 months to 3 years (me-
dian 1 year) in the idiopathic PAH group and
1 to 3 years (median 1 year) in the atrial
septal defect group. Two patients, one in
each group, had a more insidious disease,
with a duration of 10 and 14 years, respec-
tively. The mean pulmonary arterial pres-
sure was 50 + 11 mmHg. Two patients (cases
No. 8 and 9, brother and sister) had familial
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PAH. In one patient (case No. 12), a prelimi-
nary diagnosis of familial PAH was estab-
lished, but he was further confirmed to have
PVOD by hemodynamic evaluation and a
lung biopsy. The 6-min walk distance at
baseline was shorter than 150 m for 4 pa-
tients. Two of them could not walk at all.

Sildenafil therapy

The effects of sildenafil on the param-
eters analyzed in the study are shown in
Tables 2, 3 and 4 and Figures 1 and 2. Patient
No. 14 presented moderate to severe head-
aches and abdominal as well as leg pain.
Sildenafil was discontinued on the second
day. Patient No. 6 was lost to follow-up after
the 3-month evaluation, since she moved to
another state in Brazil. We were informed
that she is under medical care and stable.
Patient No. 4 died after 11 months of treat-
ment (see follow-up data). Thus, the effects
of treatment were computed at 3 months, 6
months, and 1 yearin 13, 12 and 11 patients,
respectively.

Table 1. Baseline data for the patients in the present study.

Patient Gender Age Diagnosis Mean pulmonary SpO, NYHA 6" WD Borg dyspnea
No. (years) arterial pressure (%) (m) score
(mmHg)
1 F 42 ASD 47 74 11 409 5
2 F 53 Idiopathic PAH 56 96 vV 175 5
3 F 36 ASD 54 96 Il 484 4
4 F 24 Idiopathic PAH 60 97 Y 0 5+
5 F 37 Idiopathic PAH 34 94 1l 387 5
6 F 23 ASD 42 96 Il 392 4
7 M 46 Idiopathic PAH 88 96 Il 379 4
8 M 15 Familial PAH 62 99 Y 0 4%
9 F 18 Familial PAH 50 98 Il 406 8
10 F 29 ASD 63 97 Il 439 4
11 F 53 ASD 42 96 I 363 5
12 M 33 Familial PAH+ 62 92 \% 112 6
13 F 25 ASD 61 94 11 413 4
14 F 25 ASD 38 97 I 96 4

ASD = atrial septal defect; NYHA = New York Heart Association Classification; PAH = pulmonary arterial
hypertension; SpOy = peripheral oxygen saturation; 6" WD = 6-min walk distance. *The score corresponds
to the magnitude of breathlessness at rest for the 2 patients who could not walk at baseline. The Borg
dyspnea score is described in Ref. 33. *Familial pulmonary arterial hypertension presenting as pulmonary

veno-occlusive disease.
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In the patient group as a whole, sildenafil
did not provoke significant changes in pul-
monary pressures measured noninvasively.
However, there was a significant increase in
pulmonary VTT at 72 h (P < 0.05), 3 months
(P <0.05), 6 months (P<0.01), and 1 year (P
<0.01) relative to baseline (Figure 1A). This
was associated with a significant increase in
the median value of the walk distance at 3
months, 6 months and 1 year relative to the
basal condition (P < 0.01; Figure 1B). Indi-
vidual changes in the 6-min walk distance
are shown in Figure 2. All patients who
completed a one-year follow-up on sildenafil
walked more than 380 m at that time. Pa-
tients with idiopathic PAH walked a shorter
distance at baseline in comparison with those
with atrial septal defects (277 and 413 m,
respectively, median values), but the dis-
tance walked at 1 year was very similar (466
and 462 m, respectively). The increase was
significant in both groups (P=0.028 and P =
0.043, respectively). The increase in walk
distance was associated with improvement
in the Borg dyspnea score at 3 months (P <
0.05), 6 months (P < 0.05) and 1 year (P <
0.01) versus baseline (Figure 1C). As shown
in Table 2, no significant changes were de-
tected in systemic parameters during silde-
nafil therapy.

Sildenafil treatment for pulmonary
veno-occlusive disease

One patient (case No. 12) had an initial
diagnosis of familial PAH based on clinical
presentation and relevant familial events.
Two sisters of his died of pulmonary hyper-
tension at 11 and 14 years of age. Subse-
quently, this patient was shown to have
PVOD based on a lung biopsy (data not
shown) and hemodynamic behavior during
an acute vasodilator trial (Table 3). In this
patient, no abnormalities of the left heart
were detected during echocardiographic ex-
amination. In particular, pulmonary venous
drainage, left atrium, mitral valve, and left
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ventricle were normal. The left ventricular
ejection fraction was 75%. After a single
oral dose of 75 mg sildenafil, there was a
marked decrease in pulmonary vascular re-
sistance, similar to the effect obtained with
10 ppm inhaled nitric oxide. In contrast to
nitric oxide, however, the rise in pulmonary
artery wedge pressure was only mild and
well tolerated. Based on these results, the
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Figure 1. Box-plot representation of the effect of sildenafil on pulmonary hypertensive
patients who were followed for one year. The dose was 75 mg three times a day for six
months and was reduced afterwards to 50 mg three times a day in all but five patients.
Shown on the right are the individual data for two patients who did not complete follow-up
(see text). A, Effect of sildenafil on pulmonary flow (velocity-time integral; P = 0.0007,
Friedman’s ANOVA). The multiple comparison test showed significant differences at 72 h
(P < 0.05), 3 months (P < 0.05), 6 months (P < 0.01), and 1 year (P < 0.01) relative to
baseline. B, Effect of sildenafil on the 6-min walk distance (P < 0.0001). The increase was
significant at 3 months, 6 months and 1 year (P < 0.01). C, Effect of sildenafil on Borg
dyspnea score at the end of the 6-min walk (P = 0.0033). The decrease was significant at 3
months (P < 0.05), 6 months (P < 0.05) and 1 year (P < 0.01). 3and 6 mo = 3 and 6 months.

Braz ] Med Biol Res 38(2) 2005



190

Figure 2. Changes in the 6-min
walk distance of 11 PAH pa-
tients on sildenafil therapy for 1
year in comparison with pre-
treatment (baseline) condition.
Sildenafil dose was the same as
indicated in Figure 1. The pa-
tient number given in the inset
is the same as in Table 1. The
horizontal line corresponds to
380 m. 3 and 6 mo = 3 and 6
months.
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patient was enrolled in the sildenafil study
group and was stable at 1 year on treatment,
with the pulmonary and systemic parameters
indicated in Table 4. This patient was ex-
cluded from the lung transplantation waiting
list after 6 months of sildenafil therapy.

Adverse effects and relevant follow-up events

Data analysis was carried out when the
last patient completed 1 year of follow-up
(February 2004). The first patient who en-
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tered the study has now been treated for 22
months (patient No. 1; Table 1). Thus, the
duration of follow-up in the present study
group ranged from 12 to 22 months. Eleven
of 14 patients who entered the study are
currently on chronic use of sildenafil as the
single vasodilator therapy.

The following events were observed dur-
ing the first few days of treatment: headache
(N =5), abdominal pain (N = 2), leg pain (N
= 1), nausea (N = 2), diarrhea(N=1), and a
color tinge to vision (N = 1). Except for one
patient with moderate to severe abdominal
and leg pain whose treatment was discontin-
ued (case No. 14), symptoms were mild,
self-limited and did not require any specific
treatment or changes in sildenafil schedule.
No changes were detected in hepatic or renal
function and no ophthalmologic abnormali-
ties were observed during follow-up. In-
creased skin pigmentation in the face associ-
ated with sun exposure was observed in 3
patients (cases No. 1, 3 and 5). After 6
months of treatment, an attempt was made to
reduce the sildenafil dose to 50 mg three
times a day. Five patients did not tolerate
dose reduction (cases No. 4, 5,8, 11, and 12)
but improved after returning to the initial
dose. At 11 months of treatment, patient No.
4 appeared at the emergency unit with syn-
cope and circulatory collapse. In spite of
intensive care, she died 4 days after admis-
sion. Permission for autopsy examination
was not obtained.

Discussion

In this study of chronic sildenafil admin-
istration in PAH, all patients improved in
their physical capacity compared with base-
line. This was associated with an increase in
estimated pulmonary flow in all patients and
improvement in Borg dyspnea score in all
but 2 patients. The drug appeared to be ef-
fective in patients with class IV symptoms,
in particular 2 subjects who could not walk
before treatment. All patients who walked
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Table 2. Effect of sildenafil on pulmonary, systemic and exercise parameters.

Baseline Sildenafil
72 h 3 months 6 months 1 year

6-min walk distance (m) 387 (0-484) 457 (138-527) 483 (252-579)** 489 (294-609)** 462 (408-588)**
Borg dyspnea score

Rest 2.0(0-5.0) 2.0(0-5.0) 1.0 (0-3.0) 1.0(0-3.0) 1.0(0-2.0*

6-min walk 4.0(3.0-6.0) 4.0(3.0-6.0) 3.0(3.0-5.0)* 3.0(3.0-5.0)* 3.0(3.0-5.0)**
Pulmonary artery

pressure (mmHg)

Systolic 107 (68-150) 98 (66-152) 118 (80-150) 110 (60-145) 106 (77-167)

Diastolic 37 (13-42) 31(16-37) 31 (24-44) 29 (21-47) 26 (23-44)

Mean 54 (33-63) 43 (28-60) 46 (35-63) 50 (30-72) 45 (33-74)
Pulmonary flow (VTI) 0.12(0.08-0.25) 0.19(0.12-0.31)* 0.19(0.11-0.30)* 0.24(0.12-0.33)** 0.23(0.11-0.40)**
Mean systemic 76 (69-93) 77 (70-93) 80 (70-93) 79 (69-92) 83 (73-93)

pressure (mmHg)
Heart rate (bpm) 76 (55-100) 76 (68-85) 75 (66-90) 84 (60-87) 75 (568-92)
Sp02 (%)

Rest 96 (74-99) 96 (87-98) 97 (86-98) 96 (80-97) 96 (77-98)

6-min walk 90 (46-99) 91 (69-98) 92 (65-98) 93 (59-98) 90 (56-97)

Data are reported as median and range. SpO» = peripheral oxygen saturation; VT| = velocity-time integral.
*P < 0.05and **P < 0.01 versus baseline (Newman-Keuls multicomparison test after Friedman’s ANOVA).

Table 3. Acute vasodilator trial in a patient with pulmonary veno-occlusive disease.

Baseline Nitric oxide (10 ppm) Sildenafil*

Mean systemic pressure (mmHg) 78 78 76
Mean pulmonary artery pressure (mmHg) 61 48 44
Pulmonary artery wedge pressure (mmHg) 8 29 15
Cardiac index (I min™! m2) 1.9 2.3 2.6
Pulmonary vascular resistance index (U/m?2) 27.9 8.3 1.1
Systemic vascular resistance index (U/m?2) 39.4 34.3 &1.5
*Measurements performed on patient No. 12, 2 h after a single oral dose of 75 mg.
Table 4. Chronic effect of sildenafil on pulmonary veno-occlusive disease (patient No. 12).

Baseline 3 months 6 months 1 year
Six-minute walk distance (m) 112 252 294 408
Borg dyspnea score 6 B B 4
Mean pulmonary artery pressure (mmHg) 62 85 b4 48
Pulmonary flow (VTI) 0.10 0.15 0.15 0.22
Mean systemic pressure (mmHg) 76 80 73 83

Sildenafil was administered orally, 75 mg three times a day.

VTI = velocity-time integral.
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less than 380 m at baseline were above this
limit at the end of the study period. Ability to
walk more than 380 m during vasodilator
therapy has been shown to be associated
with a better prognosis in pulmonary hyper-
tension (35). Finally, in one patient with a
confirmed diagnosis of PVOD, chronic ad-
ministration of sildenafil was effective and
safe. Thus, the major contribution of the
present study to the literature of sildenafil in
PAH may be summarized as follows. The
drug seems to be effective on a long-term
basis, even in patients with severily dis-
abling disease (idiopathic PAH and atrial-
septal defect-associated PAH). Also, silde-
nafil seems to be useful in selected cases of
veno-occlusive disease.

Although there are similarities in the
pathological features of pulmonary hyper-
tension of varying etiologies, abnormalities
at the cellular and molecular levels may be
different. Thus, inflammatory mechanisms
are present in idiopathic PAH but there is no
available information on the role played by
inflammation in PAH associated with atrial
septal defects. In spite of these potential
differences, we observed a beneficial effect
of sildenafil on the physical capacity of pa-
tients with both etiologies.

Side effects that may occur over time in
individual patients using sildenafil are diffi-
cult to predict at present. In a recent series
(24), no major adverse effects were reported
with doses up to 300 mg/day. A significant
decrease in systemic pressure requiring drug
discontinuation has been reported with a
daily dose of 150 mg (25). In our study, a
daily dose of 225 mg sildenafil was well
tolerated by all but one patient who pre-
sented moderate to severe headaches associ-
ated with abdominal and leg pain. A fatal
outcome has been reported in patients on
long-term sildenafil therapy. In arecent study
(25), 2 of 14 patients died after 6 and 7
months of treatment. In one of them, the fatal
outcome was associated with the onset of
atrial fibrillation. One of our patients died
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after 11 months of treatment. Although we
cannot definitely exclude the possibility of a
serious adverse effect of the drug, this pa-
tient had an excellent initial response to
treatment, with an increase in walk distance
from O m at baseline to 399 and 389 m,
respectively, at 3 and 6 months on sildenafil.
Since permission for autopsy examination
was not given, we can only speculate about
pulmonary embolism as a possible cause of
the fatal outcome.

The optimal daily dose of sildenafil in
terms of efficacy and safety has not been
established. Favorable effects have been re-
ported with doses ranging from 25 mg twice
to 100 mg three times a day (22-25). There
seem to be patients who do not tolerate doses
higher than 75 mg/day (36). In our series, the
dose of 75 mg three times a day was well
tolerated by all but one patient. Data for a
large number of treated patients are needed
to establish the ideal daily dose of sildenafil
for long-term administration. The dose to be
used in the individual patient will depend on
additional factors such as decision to use
sildenafil as a single or combined vasodila-
tor therapy (36,37).

The magnitude of changes in pulmonary
pressures following sildenafil administration
is still a matter of debate. Favorable effects
have been reported in patients with PAH
(23) and in subjects with chronic pulmonary
thromboembolism (31). Also, improvement
of pulmonary hemodynamics has been dem-
onstrated with sildenafil as a long-term ad-
junct therapy (26). We observed a signifi-
cant rise in pulmonary flow after chronic
sildenafil administration, not associated with
significant changes in pulmonary pressures.
Similar results have been reported by Sastry
and colleagues (24). These discrepancies may
be in part methodological. In our patients
and those of Sastry and co-workers (24),
pulmonary pressures were assessed nonin-
vasively by Doppler echocardiography. This
is in contrast to the direct (invasive) meas-
urements performed in the former studies
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(23,26,31). Echocardiographic estimation of
pulmonary pressures may not be sufficiently
sensitive to detect mild changes in pulmo-
nary artery pressures. However, the increase
in pulmonary flow in our patients, in agree-
ment with previous studies, suggests a ben-
eficial effect of sildenafil on pulmonary he-
modynamics.

PVOD may occur as sporadic or familial
cases and has pathogenetic connections with
the so-called primary pulmonary hyperten-
sion. This was suggested by a recent obser-
vation in a patient with documented PVOD
of a mutation in the bone morphogen protein
receptor II gene with transmission among
family members (38). There has been a lot of
controversy about the use of vasodilators in
PVOD. In some case reports on prostacyclin
therapy, results ranged from success (39) to
fatal outcome due to pulmonary edema (40).
In the present study, a patient with typical
histopathological features of PVOD and a
family history of pulmonary hypertension
had an important reduction in pulmonary
vascular resistance after a single oral dose of
75 mg sildenafil. In contrast to inhaled nitric
oxide, the increase in pulmonary wedge pres-
sure was only mild. This superior effect of
sildenafil on the “wedge pressure” compared
with inhaled nitric oxide has been demon-
strated in PAH (28) but, to our knowledge,
has never been reported in veno-occlusive
disease. Based on our findings, we would
like to suggest that sildenafil may be benefi-
cial for selected patients with PVOD after an
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appropriate acute test.

The present study has obvious limita-
tions. The small number of treated patients
and the unavailability of a placebo group are
the most important ones. However, the pla-
cebo effect is unlikely to explain the im-
provement of exercise capacity in some pa-
tients, in particular those with severe physi-
cal limitation at baseline.

In conclusion, the phosphodiesterase-5
inhibitor sildenafil appears to be effective in
increasing the exercise capacity of patients
with PAH. Furthermore, the drug seems to
be relatively safe for chronic use. We ob-
served no major adverse effects that could be
directly associated with sildenafil therapy.
Selectivity of action on the pulmonary circu-
lation was suggested by the absence of any
relevant effects on the systemic circulation.
The differential effect of sildenafil on the
pulmonary wedge pressure as compared with
inhaled nitric oxide indicates its potential
usefulness in selected cases of PVOD. Con-
trolled studies involving patients followed
up for longer periods of time are necessary to
establish the impact of the drug on long-term
outcome and survival.
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