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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Phosphodiesterase-5 (PDE5) inhibitor

therapy is effective in the treatment of
patients with pulmonary hypertension (PH).
All available PDE5 inhibitors, sildenafil,
tadalafil and vardenafil have been reported
to cause pulmonary vasodilation acutely in
patients with PH. There is a lack of
information on the haemodynamic effects
in relation to plasma concentrations for the
available PDE5 inhibitors and the drug
concentration to obtain optimal clinical
effect is unknown.

WHAT THIS STUDY ADDS
• This study provides information on the

correlation between vardenafil plasma drug
concentration and the acute changes in
haemodynamics in patients with PH after a
single oral dose of vardenafil.

AIMS
To evaluate the acute haemodynamic effects of a single oral dose of
vardenafil and to study the drug concentration in relation to
haemodynamic effects in patients with pulmonary hypertension (PH).

METHODS
Sixteen patients with PH (aged 29–85\ years), received one single oral
dose of vardenafil (5, 10 or 20 mg). The haemodynamic effect was
assessed over a 60 min period. Vardenafil plasma concentrations were
measured after 15, 30, 45 and 60 min using liquid
chromatography–tandem mass spectrometry.

RESULTS
At 60 min a reduction in mPAP with a median % decrease of -20.3%
(range -48.3 to 3.0; P < 0.001) and an increase in cardiac output and
the cardiac index with a median % change of 10.6% (range -25.0 to
88.1; P = 0.015) and 12.1% (range -24.0 to 94.4; P = 0.01) respectively
was observed. The pulmonary vascular resistance (PVR) was reduced
with a median % decrease of -28.9% (range -61.5 to -5.9; P < 0.001),
and pulmonary selectivity was reflected by a median percent reduction
of -16.9% (range -49.0 to 16.5; P = 0.002; n = 14) in the PVR/systemic
vascular resistance ratio. There was a correlation between the plasma
concentrations of vardenafil and change in mPAP (r = -0.579, P = 0.019)
and between vardenafil concentrations and change in PVR (r = -0.662,
P = 0.005).

CONCLUSIONS
Vardenafil causes rapid changes in cardiopulmonary haemodynamics
and there is a correlation between plasma vardenafil drug
concentration and the acute changes in mPAP as well as PVR in
patients with PH.
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Introduction

Pulmonary hypertension (PH) is a haemodynamic
and pathophysiological state including a number of
vascular diseases found in multiple clinical conditions,
leading to right ventricular failure [1]. The presence of
phosphodiesterase-5 (PDE5) in the pulmonary vasculature
provides the basis for targeted treatment of pulmonary
arterial hypertension (PAH) with PDE5 inhibitors [2–4].
Endogenous ligands such as nitric oxide (NO) and natri-
uretic peptides stimulate pulmonary vasodilatation by use
of a common signalling pathway that involves generation
of cyclic guanosine monophosphate (cGMP) as a second
messenger to mediate the intracellular effects that finally
result in vasodilatation [5]. The phosphodiesterases (PDEs)
form a family of enzymes (PDE1-11) with different modes
of regulation, localization, cellular expression, and inhibitor
sensitivities that selectively catalyze the hydrolysis and
thereby the degradation of cyclic adenosine monophos-
phate and cGMP [6]. In the pulmonary vasculature, the
levels of cGMP are regulated mainly by PDE5 and PDE5
inhibition promotes the accumulation of cGMP allowing
for prolonged and enhanced cGMP mediated pulmonary
vasorelaxation [7].

Sildenafil, vardenafil and tadalafil are three selective
PDE5 inhibitors currently widely used for the treatment of
erectile dysfunction. Two large randomized, double-blind,
placebo-controlled phase 3 clinical trials with sildenafil
and tadalafil have demonstrated that these compounds
are safe and beneficial in the treatment of patients with
PAH, which has lead to their registration and approval for
the treatment of PAH [8, 9]. Recently, it was demonstrated
that vardenafil is effective and well tolerated in patients
with PAH in the first randomized, double-blind, placebo-
controlled study with this drug [10]. In this study, oral
vardenafil improved exercise capacity, symptoms, haemo-
dynamics and clinical outcome and it represents the first
study in which monotherapy with a PDE5 inhibitor in
treatment-naive PAH patients has been able to reduce sig-
nificantly the occurrence of clinical worsening events [10].
Furthermore, beneficial therapeutic effects of vardenafil
for treatment of patients with pulmonary hypertension
(PH) including patients with PAH have been demonstrated
in uncontrolled case reports and in a long term open label
study [11–14]. In one of these studies, there are also data
on the haemodynamic efficacy of vardenafil from a single
dose evaluation up to 90 min [12]. Moreover, there are also
data on the haemodynamic efficacy of vardenafil from a
single dose evaluation study in which the acute haemody-
namic effects of sildenafil and inhaled NO were studied
and compared with the effects of different doses of vard-
enafil and tadalafil [15].

A dose-dependent effect has been demonstrated for
tadalafil with regard to the distance walked in 6 min
(6MWD) [9]. There is also some indication for a dose-
dependent effect on lowering mean pulmonary artery

pressure (mPAP) and pulmonary vascular resistance (PVR)
for sildenafil [8]. However there is only one peer reviewed
publication where a study on haemodynamic effects in
relation to actual plasma concentrations for one of the
available PDE5 inhibitors (sildenafil) in patients with PH is
described [16]. In the present study we have evaluated the
acute haemodynamic response of a single dose of vard-
enafil in relation to plasma concentrations of vardenafil, in
patients with PH during right heart catheterization (RHC).

Methods

Subjects
Sixteen patients with PH of different aetiologies, represent-
ing WHO group I-IV, according to the latest updated clinical
classification of PH (Dana Point, 2008) were enrolled in the
study between 2006 and 2007 [1]. The patient group con-
sisted of females (n = 10) and males (n = 6), 29–85 years of
age (median 63), World Health Organization (WHO) func-
tional class II or III.All patients were receiving at least one of
the conventional background therapies (diuretics,
b-adrenoceptor blocker, ACE inhibitor, warfarin, angio-
tensin receptor blocker, digoxin, or Ca2+ antagonist). Four
patients with a previous diagnosis of PAH were treated
with a PAH-specific medication (three with bosentan and
one with sildenafil). The patients on bosentan therapy are
denoted in Table 1 and in Figure 1. These patients on
bosentan were on stable doses (62.5 mg, 125 mg and
250 mg twice daily) with a treatment duration exceeding 3
months for all patients. The other 12 patients were diag-
nosed with PH or PAH at the time of enrolment after con-
firmation at RHC. The inclusion criteria were PH patients
with a resting mPAP � 25 mmHg measured by RHC and an
age over 18 years. No patient met the exclusion criteria
(severe liver dysfunction [Child-Pugh class C], or hypoten-
sion, [<90/50 mmHg]). Diagnostic procedures preceding
patient recruitment included echocardiography, chest
X-ray, lung function test,measurement of the 6MWD and in
selected cases tomographic scan of the lung and pulmo-
nary angiography. Patients were hospitalized 1 day before
and 1 day after the RHC, and the indication for RHC was
either haemodynamic follow-up of known PAH (n = 4) or
for diagnostic confirmation of suspected PAH/PH (n = 12).
All patients were fasting 24 h before the procedure, thus
no medication was given prior to the RHC.

Study design
The study was an open-label acute haemodynamic and
pharmacokinetic trial performed at the regional PAH
centre at Uppsala University Hospital. Each patient
received one single oral dose of either 5 mg (n = 1), 10 mg
(n = 2) or 20 mg (n = 13) vardenafil (Levitra®, Bayer Scher-
ing Pharma) depending on age and liver function (see
Table 1). During RHC haemodynamic and mixed venous
oxygen saturation measurements were performed at base-
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line and 15, 30, 45 and 60 min after vardenafil administra-
tion. Blood samples for determination of vardenafil
concentrations were taken from the pulmonary artery at
baseline and 15, 30, 45 and 60 min. Blood samples were
collected into EDTA-tubes (BD Diagnostics) and were pro-
cessed immediately in a thermostatic (20°C) centrifuge
(Jouan BR 3.11) for 10 min at 3000 rev min–1. Plasma was
separated and stored at -20°C until analysis. Approval for
the study was obtained from a local ethics review commit-
tee and conducted in accordance with Good Clinical Prac-
tice guidelines and the Helsinki Declaration. Written
informed consent was obtained from all patients.

Haemodynamic assessment
RHC was performed in all patients after an overnight fast. A
fibreoptic thermodilution pulmonary artery catheter
(Becton Dickinson Criticath SP5 107 HTD catheter) was
inserted through the right internal jugular vein into the
pulmonary artery. Correct position was verified by fluoros-
copy. Central venous pressure (CVP), pulmonary artery
wedge pressure (PAWP), cardiac output (CO) and cardiac
index (CI) were measured at baseline and 60 min. Pulmo-
nary artery pressure (PAP) was measured at baseline and
15, 30, 45 and 60 min. Pressures were registered with a
Cathcor® system (Siemens) and the flow was calculated
with thermodilution technique or with Fick’s principle.
Patients with tricuspid valve regurgitation >grade 1 were
evaluated with Fick’s principle due to greater variation
with the thermodilution technique. The same physician
performed all examinations, except patient 9, and the

patients were in a resting supine position during the
examination. Calculation was made of PVR, systemic vascu-
lar resistance (SVR) and PVR : SVR, a ratio that indicates pul-
monary selectivity of the vasodilatory effect. During RHC
some patients did not receive an arterial line because of
either technical or procedural reasons or an arterial sam-
pling was missed. Therefore we have missing data for the
following set of haemodynamic variables (arterial satura-
tion, aortic pressure, SVR and pulmonary arterial oxygen
saturation).

Bioanalytical methods
Bioanalysis of plasma samples for the determination of
vardenafil concentration was performed at the Swedish
National Veterinary Institute (SVA) in Uppsala using liquid
chromatography–tandem mass spectrometry (LC-MS/MS).

Vardenafil dihydrochloride and the internal standard
pentadeuterated vardenafil (vardenafil-d5) were pur-
chased from Toronto Research Chemicals (North York, ON,
Canada).The water was purified using a Milli-Q water puri-
fication system (Millipore, Bedford, MA, USA). All other
chemicals were of analytical grade or better and used
without further purification.

The sample pretreatment was carried out as follows.To
1 ml of plasma, 50 ml of internal standard solution
(vardenafil-d5 at 250 ng ml-1 in methanol) and 50 ml of
methanol were added followed by 50 ml of 2.0 M NaOH (aq)
and 5.0 ml of ethyl acetate. The samples were then shaken
for 20 min and centrifuged at 1000 g for 10 min. The
organic phases were transferred to new tubes and were

Table 1
Baseline demographic and clinical characteristics

Patient
number

Age
(years)

Gender
(M/F)

Weight
(kg)

BSA
(m2)

Clinical classification of PH
(WHO group I-IV)

WHO
functional
class I-IV

6MWD
(m)

Dose of
vardenafil
(mg)

1 79 M 107 2.2 IPAH (I) III 315 10
2 50 F 53 1.5 PH due to left heart disease (II) III 350 5

3 60 F 73 1.8 PH due to left heart disease (II) II 585 20
4* 29 F 57 1.6 IPAH (I) II 658 20

5 77 M 102 2.2 PH due to left heart disease (II) III NA 20
6 38 F 49 1.5 IPAH (I) III 300 20

7 35 M 70 1.9 PH due to left heart disease (II) III 422 20
8 45 F 69 1.8 PAH associated with CTD (SSc) (I) III 347 20

9 85 F 78 1.8 CTEPH (IV) II 251 10
10 76 M 69 1.9 PH due to lungdisease (III) III 211 20

11 70 M 111 2.2 IPAH (I) III 60 20
12 71 F 58 1.6 PH due to left heart disease (II) III 25 20

13* 44 M 90 2.2 IPAH (I) II 570 20
14 66 F 60 1.6 IPAH (I) III 390 20

15* 72 F 65 1.7 PAH associated with CTD (SSc) (I) III 180 20
16 59 F 63 1.7 IPAH (I) III 300 20

M, male; F, female; BSA, body surface area; PH, pulmonary hypertension; WHO, World Health Organization; 6MWD, 6 min walk distance; IPAH, idiopathic pulmonary arterial
hypertension; CTD, connective tissue disease; SSc, systemic sclerosis; CTEPH, chronic thromboembolic pulmonary hypertension; NA, not available. Roman numerals within brackets
designate the clinical classification of PH (WHO groups I-IV). Patients on bosentan therapy are marked with an asterisk (*); patient 4 (bosentan 250 mg twice daily), patient 13
(bosentan 125 mg twice daily) and patient 15 (bosentan 62.5 mg twice daily).
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evaporated to dryness under a gentle stream of nitrogen
at 60°C. The samples were reconstituted in 50 ml of water/
methanol 80:20 (v/v) whereafter they were transferred to
vials for LC-MS/MS analysis.

A Surveyor MS pump was hyphenated to a TSQ
Quantum Ultra tandem quadrupole mass spectrometer,
with an electrospray interface operating in the positive

mode (Thermo Fischer Scientific, San José, CA, USA). The
column was a Luna C8 [2] with the dimensions: length
50 mm, i.d. 2.0 mm (Phenomenex, Torrence, CA, USA). The
mobile phase consisted of (A) 0.1 % acetic acid in water
and (B) acetonitrile. A gradient was run as follows: 10 % B
for 1 min, increase from 10 % to 90 % B in 4 min, reduction
to 10 % B in 0.10 min and constantly at 10 % B, for 2.90 min.
The total run time was 8 min, the flow rate was 200 ml min-1

and the injection volume was 10 ml.
The data acquisition mode was Selected Reaction

Monitoring (SRM) and the transitions were m/z 489
[M + H]+ → 151 for vardenafil (collision energy 40 V),
and m/z 495 [M + H]+ → 151 for the internal standard
vardenafil-d5 (collision energy 40 V). The dwell time was
0.10 s.

Stock solutions of vardenafil dihydrochloride and the
internal standard were prepared in methanol at approxi-
mately 0.1 mg ml-1. These solutions were diluted and used
to spike (50 ml) blank plasma to obtain calibration samples.
Calibration was performed by linear curve fit (no weight-
ing) of the peak area ratio (analyte : internal standard) as a
function of the concentration. The calibration curve inter-
val was 0.35–35 ng ml-1. Quality control samples were pre-
pared by adding 50 ml of separately prepared working
solutions. The lowest limit of quantification (LLOQ) was
0.35 ng ml-1 and the precision expressed as relative stan-
dard deviation was <2.2%.

Statistical analysis
Baseline data, when compiled, are given as the median and
range (minimum to maximum). Differences of study
parameters between baseline and post treatment values
were evaluated by Wilcoxon’s signed-rank test and differ-
ences between groups were evaluated by the Mann–
Whitney U-test. The Spearman rank correlation test was
performed to evaluate the association between plasma
vardenafil exposure (plasma concentration or AUC) and
change in hemodynamic parameters. Significance was
defined as P < 0.05.

Results

Haemodynamic parameters
Baseline demographic and clinical characteristics of the
study population are shown in Table 1. The baseline hae-
modynamic variables and the observed changes in hae-
modynamics for the patients after a single 5, 10 or 20 mg
oral dose of vardenafil from baseline to 60 min are shown
in Table 2. Due to high age and/or liver failure one patient
received 5 mg and two patients received 10 mg and all of
the other patients received 20 mg.

A significant reduction in mPAP with a median %
decrease of -20.3% (range -48.3 to 3.0; P < 0.001; n = 16)
was observed at 60 min.Furthermore at 60 min there was a
significant increase in CO and the CI with a median %

r = –0.579
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Figure 1
The association between vardenafil plasma concentration and change in
mPAP (A) and PVR (B) at 60 min after a single oral dose of vardenafil in
patients with pulmonary hypertension (n = 16). Thirteen patients
received 20 mg of vardenafil ( and �), two patients received 10 mg (�)
and one patient received 5 mg (�). Open squares indicates patients
exposed to bosentan (n = 3). Plasma vardenafil and change in mPAP and
PVR correlated significantly (Spearman rank correlation r = -0.579, n = 16,
P = 0.019 for mPAP and r = -0.662, n = 16, P = 0.005 for PVR)
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change of 10.6% (range -25.0 to 88.1; P = 0.015; n = 16) and
12.1% (range -24.0 to 94.4; P = 0.01; n = 16) respectively.
PVR was reduced significantly with a median % decrease of
-28.9% (range -61.5 to -5.9; P < 0.001; n = 16) and pulmo-
nary selectivity of the vasodilatory effect was reflected by a
median % reduction of -16.9% (range -49.0 to 16.5;
P = 0.002; n = 14) in the PVR : SVR ratio.

The PAH patients (representing WHO group I) on
bosentan (n = 3) demonstrated a median decrease of
mPAP with -10.8% at 60 min (range -20.0 to 3.0) as com-
pared with -23.8% (range -34.1 to 0) for the other PAH
patients not exposed to bosentan (n = 6) (P = 0.095 for dif-
ference in response). There were no statistically significant
differences in the haemodynamic response at 60 min
between the three PAH patients exposed to bosentan in
comparison with the rest of the group of PH/PAH patients
(n = 13) (data not shown). In addition, there were no statis-
tically significant differences between patients with PAH
(n = 9) and PH (representing WHO group II-IV) (n = 7) with
regard to haemodynamic response at 60 min. The PAH
patients demonstrated a median decrease of mPAP of
-22.2% (range -34.1 to 3.0) as compared with -18.4%
(range -48.3 to 0) for the PH group (P = 0.738 for difference
in response).

Plasma concentrations of vardenafil and
haemodynamic response
A full set of routine haemodynamic variables was available
for the patients at baseline and 60 min after administration
of a single dose of vardenafil. mPAP was registered at 15, 30

and 45 min as well. The median plasma concentration of
vardenafil, 60 min after a single oral dose of vardenafil (5,
10 or 20 mg) was 5.07 ug l-1 (n = 16,Table 2), with a median
area under the curve (AUC)(0,45 min) and AUC(0,60 min)
value (n = 15, Table 2) of 2.53 mg h l-1 and 3.88 mg h l-1

respectively.The individual plasma concentrations of vard-
enafil at 60 min are illustrated in Figure 1. The three PAH
patients exposed to bosentan (Table 1) displayed a signifi-
cantly lower median plasma vardenafil concentration at
60 min [0.33 mg l-1 (patient 4); 0.88 mg l-1 (patient 13);
1.52 mg l-1 (patient 15)] as compared with the other
PH/PAH patients (7.3 mg l-1, range 0.68 to 39.6, n = 13)
(P = 0.014 for difference in concentration).

The relationship between plasma vardenafil exposure
and haemodynamic response 60 min after vardenafil
administration is presented in Table 3. In the non-
parametric Spearman rank correlation test, there was a
statistically significant correlation between the plasma
concentrations of vardenafil and change in mPAP (n = 16,
r = -0.579, P = 0.019), and between vardenafil concentra-
tions and change in PVR (n = 16, r = -0.662, P = 0.005), illus-
trated in Figure 1. Similarly as shown in Table 3, there was a
significant correlation between vardenafil AUC and change
in mPAP (n = 15, r = -0.668, P = 0.007 for AUC(0,45 min),and
n = 15, r = -0.744, P = 0.001 for AUC(0,60 min)) and
between vardenafil AUC and change in PVR (n = 15,
r = -0.540, P = 0.038 for AUC(0,45 min) and n = 15,
r = -0.588, P = 0.021 for AUC(0,60 min)). After a single
dose of vardenafil, plasma drug concentrations and mPAP
measurements from baseline, 15, 30, 45 and 60 min were

Table 2
Median % changes (range minimum-maximum) in haemodynamic parameters during right heart catheterization from baseline to 60 min and the phar-
macokinetic parameters of vardenafil after a single oral dose

n
Baseline
median (min, max)

60 min
median (min, max)

*Change (%)
median (min, max) P value1

Heart rate (beats min-1) 16 71 (56, 94) 72 (50, 102) -0.9 (-19.2, 19.4) 0.978
Aortic pressure (mmHg) 14 135 (118, 224) 127.50 (104, 321) -5.8 (-26.2, 122.9) 0.153

Mean aortic pressure (mmHg) 14 94 (81, 139) 88 (68, 119) -6.0 (-27.0, 2.1) <0.001
Systolic PAP (mmHg) 16 65.50 (41, 98) 52.50 (26, 89) -17.2 (-36.6, 3.8) <0.001

mPAP (mmHg) 16 40 (29, 65) 34.50 (15, 58) -20.3 (-48.3, 3.0) <0.001
mPAWP (mmHg) 16 11 (4, 32) 10.50 (3, 32) 0.0 (-40.0, 50.0) 0.977

mRAP (mmHg) 16 8.50 (2, 28) 6.50 (1, 23) -13.1 (-83.3, 100.0) 0.720
CO (l min-1) 16 3.95 (2.10, 5.83) 4.95 (2.60, 7.90) 10.6 (-25.0, 88.1) 0.015

CI (l min-1 m-2) 16 2.30 (1.40, 3.40) 2.75 (1.70, 4.50) 12.1 (-24.0, 94.4) 0.010
PVR (dyn .s cm-5) 16 612 (192, 1144) 404 (80, 816) -28.9 (-61.5, -5.9) <0.001

SVR (dyn .s cm-5) 14 1852 (848, 2968) 1444 (640, 2248) -20.6 (-61.2, 1.7) <0.001
PVR : SVR 14 0.28 (0.09, 0.53) 0.25 (0.09, 0.50) -16.9 (-49.0, 16.5) 0.002

PA sat (%) 13 60.50 (45.90, 69.40) 62.45 (51, 76.50) 2.6 (-7.7, 36.1) 0.168
Art sat (%) 11 91.20 (85, 93.70) 90.40 (79.70, 96.55) -1.3 (-6.6, 5.2) 0.375

Vardenafil concentration (mg l-1) 16 5.07 (0.33, 39.6)
Vardenafil AUC(0,45 min) (mg l-1 h) 15 2.53 (0.00, 17.9)

Vardenafil AUC(0,60 min) (mg l-1 h) 15 3.88(0.04, 23.08)

1Wilcoxon’s signed-rank test. *Values shown represent the median % change (with range minimum to maximum). m, mean; PAP, pulmonary artery pressure; PAWP, pulmonary
arterial wedge pressure; RAP, right atrial pressure; CO, cardiac output; CI, cardiac index; PVR, pulmonary vascular resistance; SVR, systemic vascular resistance; PA, pulmonary artery;
Art, arterial; AUC(0,45 min) and (0,60 min), area under the plasma concentration-time curve from time zero to 45 and 60 min, respectively.
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available from 14 patients, presented in Table 4. A signifi-
cant change in mPAP with a median % decrease of
-10.54% (P = 0.013, Table 4) was already observed at
15 min. The significant decrease in mPAP in relation to
baseline was seen also at 30, 45 and 60 min (Table 4). A
clear trend with increasing median % reduction in mPAP
was registered in parallel with increasing plasma concen-
trations of vardenafil from baseline to 60 min after drug
administration.

Safety
Vardenafil was well tolerated and there were no adverse
events observed in this study after the administration of a
single oral dose of vardenafil. No hypotension or clinically
significant changes in haematological or biochemical
parameters were seen.

Discussion

We have shown that a single dose of oral vardenafil, a
PDE5 inhibitor, is a potent and selective pulmonary vaso-
dilator displaying a rapid onset of effect on pulmonary
haemodynamics.

A major and novel finding in this study is the correla-
tion between vardenafil plasma drug concentration and
the acute changes in mPAP as well as PVR. Among the
available PDE5 inhibitors, vardenafil was chosen because
of its rapid onset of effect [15]. Moreover, vardenafil is more
potent and selective than sildenafil and tadalafil on its
inhibitory activity on PDE5 [17–19].

In our study vardenafil displayed pulmonary selectivity
acutely, reflected by a median % reduction of -16.9% in the
PVR/SVR ratio.

Table 3
Spearman’s rank correlation between vardenafil exposure and % change in haemodynamic parameters at 60 min after a single oral dose of vardenafil

Vardenafil
concentration

Vardenafil
AUC(0,45 min)

Vardenafil
AUC(0,60 min)

n Spearman’s rho P value n Spearman’s rho P value n Spearman’s rho P value

Heart rate (beats min-1) 16 0.291 0.274 15 0.018 0.950 15 0.054 0.850
Aortic pressure (mmHg) 14 -0.552 0.041 14 -0.174 0.553 14 -0.270 0.350

Mean aortic pressure (mmHg) 14 -0.582 0.029 14 -0.424 0.131 14 -0.481 0.081
Systolic PAP (mmHg) 16 -0.397 0.128 15 -0.422 0.117 15 -0.504 0.056

mPAP (mmHg) 16 -0.579 0.019 15 -0.668 0.007 15 -0.744 0.001
mPAWP (mmHg) 16 -0.148 0.585 15 -0.065 0.818 15 -0.087 0.757

mRAP (mmHg) 16 -0.397 0.128 15 -0.360 0.188 15 -0.362 0.184
CO (l min-1) 16 0.282 0.289 15 -0.120 0.671 15 0.021 0.940

CI (l min-1 m-2) 16 0.308 0.247 15 -0.272 0.327 15 -0.129 0.648
PVR (dyn .s cm-5) 16 -0.662 0.005 15 -0.540 0.038 15 -0.588 0.021

SVR (dyn .s cm-5) 14 -0.486 0.078 14 -0.095 0.748 14 -0.222 0.446
PVR : SVR 14 -0.191 0.513 14 -0.521 0.056 14 -0.433 0.122

PA sat (%) 13 -0.137 0.655 12 -0.084 0.795 12 -0.077 0.812
Art sat (%) 11 -0.264 0.433 11 -0.218 0.519 11 -0.191 0.574

m, mean; PAP, pulmonary artery pressure; PAWP, pulmonary arterial wedge pressure; RAP, right atrial pressure; CO, cardiac output; CI, cardiac index; PVR, pulmonary vascular
resistance; SVR, systemic vascular resistance; PA, pulmonary artery; Art, arterial; AUC(0,45 min) and (0,60 min), area under the plasma concentration-time curve from time zero to
45 and 60 min, respectively.

Table 4
Spearman’s rank correlation between vardenafil concentration and % change in mPAP after a single oral dose of vardenafil at different time points up to
60 min after vardenafil administration

n = 14 Vardenafil concentration mPAP
Spearman’s rho* P valueTime(min) (mg l-1) median (mmHg) median % change median P value1

0 0.00 40.00 0.00 . .
15 1.01 38.50 -10.54 0.013 -0.263 0.364

30 5.99 36.50 -16.15 0.002 -0.528 0.053
45 5.43 35.50 -17.51 <0.001 -0.488 0.076

60 6.30 34.50 -20.34 <0.001 -0.634 0.015

1Wilcoxon’s signed-rank test. *Spearman’s rank correlation between vardenafil concentration and median change (%) in mPAP. mPAP, mean pulmonary artery pressure.
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In conflict with these results, Ghofrani et al. found that
acutely only sildenafil and tadalafil caused a significant
reduction the PVR : SVR ratio, thus showing selectivity for
the pulmonary circulation, corroborated by a small case
report from Aizawa et al. where the acute effects of vard-
enafil were studied and no pulmonary selectivity was seen
[12, 15]. However pulmonary selectivity for vardenafil was
noted in the latter study by Aizawa et al. who observed a
significant decrease in PVR : SVR ratio by -20.7% after 3
months of treatment [12]. Pulmonary selectivity for vard-
enafil has also been demonstrated in a long term study by
Jing et al., as reflected by a reduction in the PVR : SVR ratio
of -13.2% [14]. This disceprancy between our results and
others regarding pulmonary selectivity for vardenafil after
acute administration could be explained by differences in
study population size, where Ghofrani et al. included seven
and nine patients in the vardenafil groups and Aizawa et al.
studied five patients whereas we had 14 patients for which
this variable was calculated. As in the study by Ghofrani
et al., vardenafil caused significant acute changes in the
clinically relevant haemodynamic variables mPAP, CI and
PVR.

In our study, a significant change in mPAP with a
median % decrease of -10.54% was observed already at
15 min after drug administration. Interestingly it has been
shown that vardenafil, contrary to the other two PDE5
inhibitors, has other pharmacological effects apart from
PDE5 inhibition, also blocking Ca2+ fluxes, thus enhancing
its vasorelaxing properties [19]. This unique dual effect of
vardenafil might explain the rapid decrease of mPAP in our
study.

We observed a linear correlation between increasing
vardenafil concentrations and fall in mPAP and PVR.
Regarding the other PDE5 inhibitors it has been observed
that both tadalafil and sildenafil increased the 6MWD in a
dose-dependent manner [9, 20].

The patients in our study that were on bosentan treat-
ment displayed very low concentrations of vardenafil at
60 min, indicating a possible drug interaction between
vardenafil and bosentan. It was noted that the patient on
the highest dose of bosentan (250 mg twice daily) dis-
played the lowest plasma concentration of vardenafil
whereas the patient on the lowest bosentan dose (62.5 mg
twice daily) displayed almost five times higher plasma
vardenafil concentration. The significant difference in
plasma vardenafil concentrations at 60 min between the
patients exposed to bosentan and the others was not
reflected by a significant difference in the haemodynamic
response. Even though the difference in mPAP decrease at
60 min between these groups was relatively large, it did
not reach statistical significance most likely due to the
small sample size. For tadalafil and sildenafil there is a
known drug interaction with bosentan mediated by the
cytochrome P450 3A4 leading to a reduction of plasma
concentrations of tadalafil and sildenafil by approximately
40% and 60% respectively [21–23]. In fact, in the pivotal

study for tadalafil a significant effect on the placebo-
corrected 6MWD could not be seen in the patients who
were on background bosentan [9]. Moreover, the effect on
all secondary endpoints tended to be better in patients on
tadalafil monotherapy [9]. In a small study by Hatano et al.,
the acute haemodynamic effects of a single dose of
sildenafil (50 mg) with simultaneous measurements of
plasma concentrations of sildenafil and its major metabo-
lite were examined [16]. In this study only eight patients
with PAH were included and they were divided in two
groups (four patients in each group) with and without
chronic bosentan treatment. In both groups sildenafil
caused pulmonary artery dilatation with reduction of
mPAP and PVR. The small sample size did not allow for
distinguishing statistical differences between the groups
with regard to haemodynamic effects. However, a numeri-
cally smaller maximal reduction of mPAP and PVR in the
patients who were chronically treated with bosentan was
seen [16]. In support of our results, Pfizer has submitted the
results obtained from the study A 1481024 to the Euro-
pean Medicines Agency in which pharmacokinetic and
pharmacodynamic data show that therapeutic plasma
concentrations of sildenafil should be in the range of 10
and 100 ug l-1 to obtain significant effect on mPAP and PVR
[24]. The maximal reductions in mPAP and PVR were seen
at 100 ug l-1.

We have not found any available data for tadalafil or
vardenafil regarding the optimal plasma concentration for
maximal reduction in mPAP or PVR. It is however reason-
able to assume that there is a drug class effect for the PDE5
inhibitors regarding concentration dependent effects on
the relevant pulmonary parameters in patients with PH. In
our study, considerable variation in plasma vardenafil con-
centrations at 60 min was observed, which were signifi-
cantly correlated to changes in mPAP and PVR. Even in the
more uniform subgroup of patients not co-medicated with
bosentan and receiving 20 mg vardenafil (n = 10) the vari-
ability was surprisingly high reflected by a range in plasma
vardenafil concentrations of 0.68 mg l-1 to 39.6 mg l-1 and
change in mPAP and PVR ranging from 0% to -48.3% and
-13.6% to -61.5% respectively (as illustrated in Figure 1).
This variation in plasma vardenafil concentrations could
serve as an explanation for the absence of a clear dose-
dependent response in haemodynamics for vardenafil in
the study by Ghofrani et al. [15]. In that study, at single oral
doses of 10 mg and 20 mg, vardenafil caused a significant
decrease of mPAP of -14.3% and -12.1% respectively com-
pared with baseline. In the same study the acute haemo-
dynamic response to tadalafil at three different single oral
doses was explored (20, 40 and 60 mg). Despite the large
difference in administered tadalafil dose, a significant dif-
ference in the acute haemodynamic response could not be
detected [15].

Although vardenafil has been found to be effective and
well tolerated in patients with PAH at a dose of 5 mg twice
daily in a well designed study [10], clinical trial data from
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dosing regimens exceeding 10 mg day-1 are lacking. The
results from the present study warrant further character-
ization of the pharmacokinetic profile of vardenafil in
patients with PH/PAH.

Furthermore there is a need for a long term study to
evaluate the dose–concentration-effect relationships of
vardenafil in patients with PH/PAH.

Although the current licensed indication for sildenafil
and tadalafil is PAH, studies on patients with PH due to
chronic thromboembolic disease [25, 26], left heart disease
[27, 28] and lung diseases [29–31] have demonstrated
positive treatment effects with PDE5 inhibition.The major-
ity of the patients in our study had PAH, but we also
included patients with PH secondary to other conditions
such as chronic thromboembolic disease, lung disease and
chronic left ventricular failure, thus reflecting the patient
spectra that currently in clinical practice are treated with
PDE5 inhibition. In our study there was no difference in
haemodynamic response at 60 min between PAH patients
and patients with PH (WHO group II-IV).

In summary, we show that there is a correlation
between plasma vardenafil drug concentration and the
acute changes in mPAP as well as PVR. Since mPAP and PVR
are haemodynamic variables that are strongly associated
with mortality in patients with PAH we suggest that the
optimal plasma concentration of PDE5 inhibition in rela-
tion to relevant endpoints in patients with PH should be
further studied [32].
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