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Chapter 5
Effects of Sildenafil on Invasive
Hemodynamics and Exercise
Capacity in Heart Failure Patients
with Preserved Ejection Fraction
and Pulmonary Hypertension: a
Randomized Controlled Trial
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Abstract

Background	Heart failure with preserved ejection fraction (HFpEF), with associated
pulmonary hypertension is an increasingly large medical problem.
Phosphodiesterase (PDE)-5 inhibition may be of value in this population,
but data are scarce and inconclusive.
Methods	In this single center, randomized double-blind placebo-controlled trial,
& Results
we included 52 patients with pulmonary hypertension (mean pulmonary
artery pressure (PAP) > 25 mmHg; pulmonary artery wedge pressure
(PAWP) > 15 mmHg) due to HFpEF (left ventricular ejection fraction
(LVEF) ≥ 45%). Patients were randomized to the PDE-5 inhibitor
sildenafil, titrated to 60 mg three times a day, or placebo for 12 weeks.
The primary endpoint was change in mean PAP after 12 weeks. Secondary
endpoints were change in mean PAWP, cardiac output, and peak oxygen
consumption (peak VO2).
Mean age was 74 ± 10 years, 71% was female, LVEF was 58%, median
NT-proBNP level was 1087 (535 – 1945) ng/L. After 12 weeks, change in
mean PAP was -2.4 (95% CI -4.5 – -0.3) mmHg in patients who received
sildenafil, versus -4.7 (95% CI -7.1 – -2.3) mmHg in placebo patients
(p = 0.14). Sildenafil did not have a favorable effect on PAWP, cardiac
output and peak VO2. Adverse events were overall comparable between
groups.
Conclusion	Treatment with sildenafil did not reduce pulmonary artery pressures,
and did not improve other invasive hemodynamic or clinical
parameters in our study population, characterized by HFpEF patients
with predominantly isolated post-capillary pulmonary hypertension.
(ClinicalTrials.gov, number NCT01726049)
Keywords	Heart failure with preserved ejection fraction, pulmonary hypertension,
sildenafil, phosphodiesterase type 5 inhibition, mean pulmonary artery
pressure
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Introduction
Heart failure with preserved ejection fraction (HFpEF) is an increasingly large medical
and epidemiological problem, for which no evidence based treatment is available.1,2 A
significant proportion of HFpEF patients has concomitant pulmonary hypertension,
which complicates its clinical course.3 Once sustained increased pulmonary pressures
are present, these changes often result in increased right ventricular (RV) afterload
and RV failure, which is associated with an even worse outcome.4,5
Sildenafil is a potent phosphodiesterase type 5 (PDE-5) inhibitor that increases cyclic
guanosinemonophosphate (cGMP) levels causing endogenous nitric oxide mediated
vasodilatation in both systemic and pulmonary vasculature.6 As sildenafil selectively
reduces pulmonary vascular resistance and is recognized as an effective therapy for
pulmonary arterial hypertension (PAH),6,7 it is suggested that treatment with sildenafil
decreases pulmonary artery pressures and thereby symptoms in patients with HFpEF
and pulmonary hypertension.
To date, only two randomized placebo-controlled trials have investigated the effects
of sildenafil in patients with HFpEF. The first single center study, including patients
with HFpEF and pulmonary hypertension, demonstrated beneficial effects of sildenafil
on invasively measured pulmonary hemodynamics, echocardiographic variables and
quality of life.8 This positive study was then followed by a much larger, multicenter
non-invasive trial including both HFpEF patients with and without pulmonary hypertension. In contrast to the positive findings of the first study, treatment with sildenafil
did not improve exercise capacity or symptoms.9 These conflicting results have led
to speculations that sildenafil may be only effective in selected HFpEF patients with
associated pulmonary hypertension. The aim of the present randomized double-blind
placebo-controlled trial was to investigate the effects of sildenafil on invasive hemodynamic measurements and exercise capacity in patients with pulmonary hypertension
due to HFpEF.

Methods

Study design
This was a single center, prospective, randomized, double-blind placebo-controlled
trial. An independent data safety monitoring board reviewed safety data every six
months throughout the trial. The Trial and Coordination Center (University Medical
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Center Groningen, www.tcc.nl) was responsible for data management and statistical
analysis. The study conforms to the Declaration of Helsinki and the Medical Research
Involving Human Subjects Act. The institutional review board and local ethic committee approved the study, and all patients provided written informed consent. This trial
is registered at ClinicalTrials.gov, number NCT01726049.

Objectives
The primary objective of the study was to evaluate the effect of 12-week treatment with
sildenafil as compared to placebo on invasively measured mean pulmonary artery
pressure (PAP) in patients with HFpEF and pulmonary hypertension. Secondary
objectives were the effect of sildenafil on pulmonary artery wedge pressure (PAWP),
cardiac output, and exercise capacity, measured by cardiopulmonary exercise testing.

Participants
Eligible patients were ≥ 18 years with symptomatic HFpEF (Left Ventricular Ejection
Fraction [LVEF] ≥ 45% and New York Heart Association [NYHA] functional class II-IV)
and pulmonary hypertension. Pulmonary hypertension was diagnosed by mean PAP
> 25 mmHg and mean PAWP > 15 mmHg invasively measured by right-sided cardiac
catheterization.7 Key exclusion criteria included severe non-cardiac limitation to exercise, significant left sided valve disease and other causes of pulmonary hypertension.
Detailed inclusion and exclusion criteria are provided in the Appendix.

Randomization and study medication
Eligible patients were randomly assigned in a 1:1 ratio according to a computergenerated random sequence to one of the two treatment groups using a block size
of four. Sildenafil and matching placebo were administrated orally in tablets and were
provided by Pfizer Global Pharmaceuticals, were identical in appearance and were
supplied to the study site in identical masked kits.
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study procedures
The study population was recruited among patients with HFpEF with severe heart
failure symptoms. At our center, a right heart catheterization is part of clinical care
policy in HFpEF patients with echocardiographic signs of pulmonary hypertension.
Clinically stable patients underwent a right heart catheterization and simultaneous
echocardiogram to determine LVEF performed by the same cardiologist and ultrasound technician. We screened 109 HFpEF patients with high likelihood of pulmonary hypertension. Fifty-two patients provided written informed consent (Figure 1).
At baseline, patients underwent physical examination and an exercise capacity test
(if no recent test within 3 months prior randomization was available), and started
with sildenafil or placebo 20 mg t.i.d. After two weeks, patients were titrated to their
final doses of sildenafil 60 mg t.i.d. or placebo, if well tolerated - absence of severe
adverse effects and hypotension (<90/50 mmHg) -, and treated for another 10 weeks.
After a total period of 12 weeks of treatment, a second right heart catheterization and
exercise test were performed. Kansas City Cardiomyopathy Questionnaires (KCCQ)
were completed at baseline and 12 weeks to evaluate change in clinically summary
score. Background therapy remained unchanged during this period, unless important
clinically necessity left to the treating physician’s discretion. Detailed right heart catheterization and exercise test procedures are summarized in the Appendix.

Screening
Outpa&ent
Clinic

Right HC +
Echo

Wri7en
Informed
Consent

Randomiza&on

Week 2

Week 4

Week 12

Study
Baseline
• Exercise test
• Physical
examina&on (NYHA)
• Laboratory

Sildenaﬁl/placebo
20 mg t.i.d

○ Overview of study procedures

• Dose evalua&on

• Dose evalua&on

• Physical
examina&on (NYHA)

• Physical
examina&on (NYHA)

Sildenaﬁl/placebo
60 mg t.i.d

• Right HC
• Exercise test
• Physical
examina&on (NYHA)
• Laboratory
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Sample size calculation
In a pilot sample of 8 patients with HFpEF, mean PAP was 38.0 mmHg with a standard
deviation of 8.5 mmHg. With an anticipated 20% reduction in mean PAP, an alpha
of 0.05 (two-sided) and a sigma of 8.5, a total of 20 evaluable patients were required
in each intervention group to achieve a power of 80%. We expected a dropout rate of
20%. Therefore, a total number of 52 patients had to be randomized to obtain at least
40 evaluable patients.

Statistical analyses
Efficacy analysis was performed according to the intention-to-treat (ITT) principle. In
addition, treatment effect was also analyzed in the per-protocol set (Appendix). Differences in change from baseline between groups was evaluated using a Student t-test
for normally distributed data, and Mann-Whitney U-test for non-normally distributed
data. Treatment effects are presented using point estimates and 95% confidence
intervals. For the quantitative primary and secondary endpoints data at week 12, oneway analysis of variance was applied on the change from baseline. In case of missing
data at week 12, a substitution/imputation approach was considered for the primary
and secondary efficacy endpoints. In this, the nature of missing data was taken into
consideration (e.g. due to clinical event, death or missing completely at random).
The substitution/imputation approach was determined prior to unblinding during the
determination of the study analysis sets. All statistical analysis were performed using
SAS® for WindowsTM, version 9.3 and SPSS, version 22.

Results

Baseline characteristics
Between October 2011 and September 2014, 52 patients with HFpEF and pulmonary
hypertension were randomized to receive sildenafil or placebo (Figure 1). Baseline
characteristics are summarized in Table 1. We observed some imbalances between the
two treatment arms based on standardized differences, as can be expected in small
studies (Table S1, Appendix). The proportion of patients with a pre-capillary component of pulmonary hypertension are summarized in Table 2. Using the definitions
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transpulmonary gradient (TPG) > 12 mmHg, diastolic pulmonary gradient (DPG) ≥ 7
mmHg and pulmonary vascular resistance (PVR) > 240 dynes/s/cm-5, 52%, 12% and
35%, respectively, of patients had a pre-capillary component of pulmonary hypertension. In these subgroups, median TPG was 18 (15 – 20) mmHg, median DPG was 9
(9 – 13) mmHg, and median PVR was 321 (269 – 387) dynes/s/cm-5 (Table 2).
Primarily, 13 patients could not be taken into account in the efficacy analysis (Figure
1). One patient died due to heart failure, and was considered as a potential ‘treatment
failure’. Prior unblinding, missing data of this patient was imputed with the highest
increase for the variable of interest.

5

Figure 1 ○ Screening and Randomization. Abbreviations: PAP, Pulmonary Artery Pressure; PAWP, Pulmonary
Artery Wedge Pressure; LVEF, Left Ventricular Ejection Fraction; ITT, Intention-To-Treat; AE, Adverse Events
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Table 1 ○ Baseline characteristics according to treatment allocation
Variable

Sildenafil

Placebo

Total study population

Demographics
Age (years)

72 ± 12

76 ± 7

74 ± 10

Female, n (%)

20 (77)

17 (65)

37 (71)

Caucasian, n (%)

24 (92)

26 (100)

50 (96)

NYHA, n (%)
II

6 (23)

5 (19)

11 (21)

III

20 (77)

21 (81)

41 (79)

IV

0

0

0

58 ± 4

58 ± 4

58 ± 4

Systolic blood pressure (mmHg)

140 (130 – 150)

145 (140 – 150)

143 (135 – 150)

Diastolic blood pressure (mmHg)

78 (70 – 80)

79 (70 – 80)

79 (70 – 80)

Heart rate (bpm)

69 (65 – 81)

70 (61 – 79)

69 (64 – 79)

Body mass index

28 ± 7

30 ± 6

29 ± 6

Coronary artery disease, n (%)

5 (19)

12 (46)

17 (33)

Percutaneous coronary intervention,

3 (12)

10 (39)

13 (25)

Coronary artery bypass graft

3 (12)

3 (12)

6 (12)

Cerebrovascular disease, n (%)

3 (12)

5 (19)

8 (15)

Pulmonary embolus, n (%)

0 (0)

3 (12)

3 (6)

Atrium fibrillation or atrial flutter, n (%)

14 (54)

18 (69)

32 (62)

Chronic

10 (39)

16 (62)

26 (50)

Paroxysmal

4 (15)

2 (8)

6 (12)

LVEF (%)

Medical history

Diabetes, n (%)

7 (27)

11 (42)

18 (35)

Hypertension, n (%)

22 (85)

25 (96)

47 (90)

Hypercholesterolemia, n (%)

14 (54)

13 (50)

27 (52)

Pacemaker, n (%)

6 (23)

4 (15)

10 (19)

ICD, n (%)

1 (4)

0 (0)

1 (2)

Beta Blockers

22 (85)

23 (89)

45 (87)

Diuretics

22 (85)

25 (96)

47 (90)

ACE Inhibitors /Angiotensin Receptor Blockers

17 (65)

22 (85)

39 (75)

Mineralocorticoid Receptor Antagonists

6 (23)

12 (46)

18 (34.6)

7.9 ± 0.9

8.2± 0.9

8.1 ± 0.9

Medication, n (%)

Laboratory
Hb (mmol/L)
Creatinine (umol/L)
Urea (mmol/L)
AST (U/L)

96± 36

102± 39

99 ± 37

7.6 (6.1 – 9.0)

8.1 (6.3 – 11.3)

7.6 (6.3 – 10.9)

23 (21 – 27)

23 (19 – 30)

23.00 (20.00 – 29)
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Table 1 ○ Baseline characteristics according to treatment allocation (continued)
Variable
ALT (U/L)

Sildenafil

Placebo

Total study population

17 (14 – 22)

18 (13 – 23)

17 (13 – 22)

Glucose (mmol/L)

5.7 (5.4 – 7.9)

6.4 (5.6 – 7.2)

6.4 (5.4 – 7.9)

NT-proBNP (ng/L)

1109 (535-1945)

956 (536-1858)

1087 (535 – 1945)

NYHA, New York Heart Association; LVEF, Left Ventricular Ejection Fraction; ACE, Angiotensin Converting Enzyme; Hb, Hemoglobin; AST, Aspartate Aminotransferase; ALT, Alanine Aminotransferase; NT-proBNP, N-terminal pro-Brain Natriuretic Peptide
Normally distributed data are presented as mean ± standard deviation
Non-normally distributed data are presented as median (interquartile range)
Categorical variables are reported as number and percentages of observations
Analysis of variance, student’s T-test were used for continuous normally distributed variables. Chi-square test,
Wilcoxon test for continuous non-normally distributed variables, x2 test for categorical variables
Table 2 ○ Percentage patients with pre-capillary component of pulmonary hypertension
Total number of patients (%)
TPG > 12 mmHg, n (%)

27 (52)

Median (IQR) TPG among patients with TPG > 12 mmHg

18 (15 – 20)

Mean ± SD PVR among patients with TPG > 12 mmHg

19 ± 7

DPG ≥ 7 mmHg, n (%)

6 (12)

Median (IQR) DPG among patients with DPG ≥ 7 mmHg

9 (9 – 13)

Mean ± SD DPG among patients with DPG ≥ 7 mmHg

11 ± 5

PVR > 240 dynes/s/cm-5, n (%)‡

18 (35)

Median (IQR) PVR among patients with PVR > 240 dynes/s/cm-5

321 (269 – 387)

Mean ± SD PVR among patients with PVR > 240 dynes/s/cm-5

370 ± 160

TPG, Transpulmonary gradient; DPG, Diastolic pulmonary gradient; PVR, Pulmonary vascular resistance; IQR,
interquartile range; SD, standard deviation
‡ is equal to > 3 wood units

Study outcomes
After 12 weeks of therapy, mean change in PAP (from baseline to week 12) was -2.4
(95% CI -4.5 to -0.3) mmHg in the sildenafil group , whereas change in mean PAP
from baseline to week 12 was -4.7 (95% CI -7.1 to -2.3) mmHg in the placebo group
(p = 0.14, Figure 2, Table 3). The mean PAP trajectories of each individual patient are
visualized in Figure S2. In the subgroup > 240 dynes/s/cm-5 , treatment effect of
sildenafil (n=7) versus placebo (n=8) after 12 weeks was -4.6 (95% -10.3 to 1.2) mm
Hg vs. -5.1 (95% -10.8 to 0.6) mm Hg. In the subgroup ≤ 240 dynes/s/cm-5, treatment
effect of sildenafil (n=13) versus placebo (n=14) was -1.4 (95% -3.5 to 0.7) mm Hg vs.
-4.4 (95% -7.1 to -1.7) mm Hg (p for interaction = 0.958). After 12 weeks of treatment,

5
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Figure 2 ○ Change in mean pulmonary artery pressure after 12 weeks of treatment with sildenafil of placebo.

Table 3 ○ Effect of sildenafil on primary and secondary endpoints
sildenafil

Placebo

P

Baseline

35.0 ± 9.5

35.0 ± 7.1

1.00

Week 12

32.3 ± 8.3

29.7 ± 5.6

0.23

Treatment effect

-2.4 (95% CI -4.5 – -0.3)

-4.7 (95% CI -7.1 – -2.3)

0.14

Baseline

19.9 ± 3.2

20.8 ± 4.2

0.38

Week 12

19.2 ± 4.6

17.1 ± 4.0

0.13

Treatment effect

-0.5 (95% CI -1.9 – 1.0)

-3.5 (95% CI -5.2 – -1.8)

0.008

Baseline

5.3 ± 1.3

5.5 ± 1.2

0.48

Week 12

5.1 ± 1.2

5.3 ± 1.2

0.49

Treatment effect

-0.4 (95% CI -0.9 – 0.1)

-0.2 (95% CI -0.5 – 0.1)

0.37

Baseline

11.7 ± 3.3

11.1 ± 2.5

0.47

Week 12

12.8 ± 3.1

12.2 ± 2.6

0.55

Treatment effect

0.2 (95% CI -0.9 – 1.4)

0.7 (95% CI -0.3 – 1.6)

0.51

Mean PAP (mmHg)

Mean PAWP (mmHg)

Cardiac output (L/min)

Peak Vo 2 (ml/min/kg)

PAP, Pulmonary Artery Pressure; PAWP, Pulmonary Artery Wedge Pressure
Data are presented as mean ± standard deviation
Treatment effect is presented as point estimates and 95% Confidence Interval (CI)
For the quantitative primary and secondary endpoints data at week 12, one-way analysis of variance was applied on
the change from baseline. Differences in change from baseline between groups was evaluated using a Student t-test
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mean PAWP was reduced by 3.5 (95% CI -5.2 to -1.8) mmHg in the placebo group,
compared with 0.5 (95% CI -1.9 to 1.0) mmHg in the sildenafil group (p = 0.008, Table
3). The Pearson’s correlation between left ventricular end diastolic pressure (LVEDP)
and PAWP was 0.848 (p <0.001). In the sildenafil group, change in cardiac output
from baseline to week 12 was -0.4 (95% CI -0.9 to 0.1) L/min. In the placebo group,
change in cardiac output from baseline to week 12 was -0.2 (95% CI -0.5 to 0.1) L/min
(p = 0.37, Table 3).
Table 4 summarizes hemodynamic data of the cardiac catheterization at baseline and
12 weeks. In the sildenafil group, change in peak VO2 from baseline to week 12 was
0.2 (95% CI -0.9 to 1.4) ml/min/kg. In the placebo group, change in peak VO2 from
baseline to week 12 was 0.7 (95% CI -0.3 to 1.6) ml/min/kg (p = 0.51, Table 3). At
baseline and 12 weeks 22 and 16 patients, respectively, reached a RQ ≥ 1.0. At baseline,
mean KCCQ clinical summary was 51.08 ± 24.93 points in the sildenafil group and
47.31 ± 29.28 points in the placebo group. After 12 weeks of treatment, mean KCCQ
clinical summary was 64.05 ± 34.29 points in the sildenafil group and 68.33 ± 32.16
points in the placebo group. The mean change in the KCCQ clinical summary score
from baseline to 12 weeks was 12.05 (95% CI 1.14 to 22.96) points in the sildenafil
group and 19.83 (95% CI 8.23 to 31.44) points in the placebo group (p = 0.32). Table S2
of the Appendix summarizes detailed information regarding concomitant medication
and physical examination.

Safety analysis
During follow up, one patient receiving sildenafil died due to heart failure (4%), and
one patient receiving placebo died due to intestinal ischemia (4%). Adverse events
occurred in 22 patients (85%) who received sildenafil and 21 (81%) patients who
received placebo (p=1.00). Prevalence of known adverse effects of sildenafil, such as
headache, dyspepsia, (orthostatic) hypotension, increased erection, respiratory tract
infection was higher in the sildenafil group. No major NYHA reclassifications were
observed during follow up (Figure 3). Detailed adverse events are listed in Table S3 of
the Appendix
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Table 4 ○ Right Heart Catheterization Measurements at Baseline and 12 Weeks
Baseline

Week 12

sildenafil

Placebo

sildenafil

Placebo

9 (7 – 11)

10 (9 – 12)

8 (7 – 12)

7 (6 – 8)

Right ventricular pressure systolic
(mmHg)

52 (44 – 60)

54 (45 – 62)

44 (41 – 58)

45 (37 – 53)

Right ventricular end-diastolic pressure
(mmHg)

10 (9 – 13)

11 (9 – 12)

10 (8 – 12)

7 (6 – 9)*

PAP systolic (mmHg)

52 (45 – 58)

51 (45 – 66)

45 (39 – 55)

47 (37 – 53)

PAP diastolic (mmHg)

20 (19 – 25)

21 (15 – 25)

18 (16 – 22)

17 (15 – 20)

Left ventricular pressure end-diastolic
(mmHg)

19 (18 – 21)

19 (17 – 21)

n.a

n.a.

147 ± 23

152 ± 17

135 ± 20

143 ± 16

73± 11

70 ± 10

79 ± 10

78 ± 13

103 ± 14

102 ± 10

97 ± 14

100 ± 11

Right atrial pressure mean (mmHg)

Arterial pressure systolic (mmHg)
Arterial pressure diastolic (mmHg)
Arterial pressure mean (mmHg)
Cardiac index (L/min/m2)

2.8 ± 0.7

2.9± 0.6

2.6 ± 0.5

2.7 ± 0.7

207 (158 – 259)

203 (132 – 282)

181 (135 – 255)

185 (162 – 256)

Systemic vascular resistance (dynes/s/
cm-5)

1485 (1252 – 1748)

1330 (1157 – 1433)

1395 (1190 – 1600)

1432 (1150 – 1700)

Transpulmonary gradient, TPG (mmHg)

13 (10 – 16)

13 (9 – 19)

12 (8 – 16)

12 (10 – 17)

2±6

-1 ± 5

0±4

0±5

Pulmonary vascular resistance
(dynes/s/cm-5)

Diastolic pulmonary gradient, DPG
(mm Hg)

* P = 0.007 between study arms after 12 weeks of treatment
PAP,Pulmonary Artery Pressure
Normally distributed data are presented as mean ± standard deviation.
Non-normally distributed data are presented as median (interquartile range)

NYHA I
p = 0.58

Sildenaﬁl

Placebo

Baseline

Sildenaﬁl

Placebo

Week 2

NYHA II
p = 0.41

Sildenaﬁl

Placebo

Week 4

NYHA III
p = 0.50

Sildenaﬁl

Placebo

Week 12

Figure 3 ○ New York Heart Association (NYHA) classification at baseline, and at week 2, week 4, and week 12.
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Discussion
The present single center, randomized double blind, placebo controlled trial shows
that sildenafil does not reduce pulmonary artery pressures in patients with HFpEF
with predominantly isolated post-capillary pulmonary hypertension. In addition, treatment with sildenafil does not favorably affect other invasive hemodynamics or exercise
capacity. Our data therefore do not support the use of sildenafil in these patients.
Sildenafil is a potent inhibitor of PDE-5, that is widely used and proven to be effective
in the treatment of PAH and recommended in current European Society of Cardiology
Guidelines on pulmonary hypertension.7 In addition, sildenafil is also used in a significant proportion of patients with heart failure and associated pulmonary hypertension,
although data to support this use are limited.
So far there are only two clinical studies with sildenafil that have been conducted in
patients with HFpEF and they yielded contradictory results.8,9 Our findings are in line
with the largest study conducted in this field so far. This clinical study by Redfield et
al. studied the effect of sildenafil in 216 symptomatic HFpEF patients (NYHA class
II-IV, LVEF ≥ 50%) on exercise capacity and symptoms, compared to placebo.9 In this
trial, evidence for pulmonary hypertension was not an inclusion criterion, although
the actual median pulmonary arterial systolic pressure was 41 (33 − 51) mmHg. After
24 weeks, treatment with sildenafil (60 mg t.i.d) did not improve exercise capacity or
symptoms compared to placebo.9 The second, smaller study by Guazzi et al. studied
the effect of sildenafil (50 mg t.i.d.) in 44 HFpEF patients with a LVEF ≥ 50% and
systemic pulmonary artery pressures ≥ 40 mmHg, estimated by ultrasound, who were
recruited among patients with high blood pressure, new onset of dyspnea and limited
physical capacity.8 After 12 months of treatment, a decrease in invasively measured
pulmonary hemodynamics, echocardiographic variables and quality of life were
observed.8 One important difference between these previous studies is that Guazzi
and colleagues included only patients with pulmonary hypertension, while Redfield
and colleagues included patients with and without pulmonary hypertension. In the
present study, only HFpEF patients with invasively proven pulmonary hypertension
were included and the diagnosis of HFpEF was meticulously established.
One explanation for the seemingly contradictory findings with the study of Guazzi et
al. may be related to the differences in characteristics of the study populations. The
patients enrolled in our study are in line with the typical patient with HFpEF, i.e. usually elderly, female patient, and with a history of hypertension and atrial fibrillation.10
The patients that were enrolled in the study of Guazzi et al. were more often men,
were in sinus rhythm, and they had significantly fewer co-morbidities. In a Letter to the
Editor, in response to study by Guazzi et al.,8 Forfia and Borlaug already pointed out
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that the patient profile of the study of Guazzi et al. was not typical for HFpEF patients
with pulmonary hypertension based on the presence of profound right ventricular
systolic dysfunction and right ventricular failure.11 Furthermore, patients of the Guazzi
study had higher systemic blood pressures, higher right atrial pressure and higher
pulmonary vascular resistance (PVR).
To date, two types of pulmonary hypertension due to left sided heart disease have
been recognized: isolated post-capillary pulmonary hypertension, and combined
post-capillary and pre-capillary pulmonary hypertension.12 In current guidelines the
pre-capillary component of pulmonary hypertension is defined by a TPG (mean PAP
– PAWP) of > 12 mmHg.7 However, recent recommendations suggest that the precapillary component is better reflected by DPG (diastolic PAP – PAWP) > 7 mmHg,
since DPG is less dependent on cardiac output, but this definition has its limitations
as well.12,13 Probably an elevated PVR is the most reliable marker of pulmonary vasculopathy. In the study of Guazzi et al., the mean PVR was higher than 240 dynes (> 3
woodunits).8 In our study population, 52 %, 35% , and 12% had a TPG > 12 mmHg, PVR
> 240 dynes/s/cm-5, and DPG ≥ 7mm Hg, respectively. In addition, only moderately
elevated TPG, PVR and DPG were noted in these subgroups and in the overall study
population, median TPG, PVR, and DPG were not above these cut-off values. These
findings indicate that we included both HFpEF patients with isolated post-capillary
pulmonary hypertension, and HFpEF patients with combined post-and pre-capillary
pulmonary hypertension with a mild to moderate pre-capillary component. We found
no evidence that sildenfil had an effect in the PVR > 240 dynes/s/cm-5 subgroup. It
should be stressed however that the numbers within the subgroups were too small to
draw conclusions. It thus remains to be evaluated whether there is a role for sildenafil
in selected patients with HFpEF with a significant pre-capillary component of pulmonary hypertension. However, this interesting subgroup may be overestimated, since
in a HFpEF population that is characterized by several comorbidities, the etiology of
pulmonary hypertension is often multi-factorial.
Our findings suggest that the described group of patients with HFpEF and associated pulmonary hypertension do not benefit from treatment with sildenafil. These
findings are in contrast with the results that were seen in patients with PAH. This
may be explained by the different pathophysiologies of pulmonary hypertension due
to left heart failure and PAH. In HFpEF, the complex interplay of impaired relaxation,
atrial dysfunction, stiffened myocardium, stiffening of the ventricles and vasculature, inflammation, and endothelial dysfunction14,15 results in a passive backward
transmission of ﬁlling pressures, causing secondary increases in pulmonary artery
wedge pressure and pulmonary artery pressure and eventually, the development
of pulmonary vasculopathy.12 Experimental studies in animal heart failure models
demonstrated that treatment with sildenafil reduced the development of maladaptive
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cardiac hypertrophy, cardiac enlargement and fibrosis, and contractile dysfunction,
and improved cell survival and diastolic function via the NO-sGC-cGMP signaling
pathway.16-19 Targeting the NO-sGC-cGMP signaling pathway has thus been proposed
as a promising approach for the treatment of HFpEF with pulmonary hypertension. In
our study, we could not demonstrate the beneficial effects of sildenafil in a population
of HFpEF patients with mainly post-capillary pulmonary hypertension without significant pulmonary vasculopathy. An explanation could be that the beneficial effects of
PDE-5 inhibitors on the myocardium in HFpEF is less than expected and that clinical
and hemodynamic improvements may only be driven by possible beneficial effects
on pulmonary vasculopathy if present. In recent years several studies with other
novel drugs targeting the NO-sGC-cGMP signaling pathway have been published. In
a randomized, double-blind, placebo-controlled, single dose study, the novel soluble
guanylate cyclase stimulator riociguat did not improve mean PAP (primary endpoint),
but showed favorable hemodynamic and echocardiographic effects.23 In a recent
randomized placebo controlled study in 301 patients with HFpEF, the angiotensin
receptor-neprilysin inhibitor LCZ696 significantly reduced NT-proBNP levels adter
12 weeks of treatment,20 and administration of LCZ696 increased circulating cGMP
levels in healthy humans.21 Further studies are needed to investigate whether this effect on NT-proBNP translates into improved clinical outcomes.
In contrast to our expectations, a greater decrease in PAWP was observed in the
placebo group than in the sildenafil group. As the PAWP may be associated with filling
state, we evaluated concomitant medication throughout the study. We observed no
differences in dose change and weight during follow-up. It is therefore unlikely that
the reduction in PAWP in the placebo treated patients may be explained by optimized
care/treatment under study conditions. Interestingly, more patients in the placebo
group were treated with a hydrochlorothiazide. In addition to this observation, history
of hypertension was slightly higher in the placebo group. This difference may explain
the higher number of patients with diuretics in the placebo group. We do not have a
further valid explanation for this finding and it should be noted that a play of chance
cannot be excluded.
Concerning adverse effects, it has been reported that pulmonary selective vasodilators
may lead to acute pulmonary edema in patients with pulmonary hypertension due to
HFpEF (due to selective lowering PVR, without unloading of the left ventricle).22 As
sildenafil demonstrated beneficial cardiac effects in pre-clinical studies, concomitant
beneficial cardiac effects were to be expected. Overall, we did not observe significant
difference in adverse effects including pulmonary edema. However, more patients
treated with sildenafil had respiratory tract infection, headache and hypotension,
which are well known adverse effects of sildenafil.
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In addition to the limitations of a single center study, the main limitation of the current study was the relatively small number of patients in each treatment group, which
have limited the opportunity of analysis of subgroups of interest (high PVR vs. low
PVR). We calculated the current sample size based on pilot data where we considered
a reduction in mean PAP that was clinically meaningful. Indeed, we included the
predefined sample size and the drop-out rate was as anticipated, so our study had
sufficient power to detect potential differences in pulmonary artery pressures after
treatment with sildenafil.
In conclusion, given the lack of efficacy of sildenafil on invasively hemodynamics and
exercise capacity, we cannot recommend the use of sildenafil as an adjunct in the
treatment in the investigated group of HFpEF patients with associated pulmonary hypertension. In the current study, we investigated patients with predominantly isolated
post-capillary pulmonary hypertension whereas a small proportion of patients had a
mild to moderate pre-capillary component of pulmonary hypertension also. Therefore,
the role of sildenafil in selected patients with HFpEF and significant post- and precapillary pulmonary hypertension remains to be evaluated, and should be considered
for future studies.
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Appendix

Supplemental Methods
Inclusion and exclusion criteria

The inclusion criteria of the Sildenafil in HFpEF and Pulmonary Hypertension study
were:
○ >18 years
○ Written inform consent
○ PH secondary to diastolic left heart failure defined as
○ PAP mean >25 mmHg
○ PAWP mean >15 mmHg
○ Normal systolic LV function on echo/MUGA (LVEF ≥ 45%)
○ NYHA II-IV despite HF therapy
The exclusion criteria of the Sildenafil in HFpEF and Pulmonary Hypertension study
were:
○ Severe noncardiac limitation to exercise (COPD etc)
○ Other cause of PH besides diastolic heart failure
○ Coronary ischemia or recent myocardial infarction (<6 months)
○ Hypotension ( <90/50 mmHg)
○ Ongoing nitrate therapy
○ Ongoing therapy with CYP3A4 inhibitors (ketoconazol, erythromycine, cimetidine,
clarithromycine, itraconazol, voriconazol and protease inhibitors) or CYP3A4
inductors(carbamacepine, fenitoine, fenobarbital, rifampicine, St. John’s wort).
Furthermore patients will be informed not to drink grapefruit juice while on study
medication because of the known impact of grape fruit on pharmacokinetics of
Sildenafil.
○ Ongoing therapy with alpha —inhibitors
○ Significant mitral or aortic valve dysfunction
○ Severe liver disfunction
○ Pregnancy
○ Unable to read and comprehend language (Dutch)
Patients eligible for enrollment were male or female, ≥ 18 years of age, who fulfilled
the criteria for HFpEF, i.e. they had signs and symptoms of HF (New York Heart Association [NYHA] functional class II-IV), despite background heart failure therapy, and
a left ventricular ejection fraction (LVEF) ≥ 45%). In addition, they had evidence of
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pulmonary hypertension (defined as mean pulmonary artery pressure (PAP) > 25 mm
Hg and mean pulmonary arterial wedge (PAWP) > 15 mm Hg measured invasively
by right-sided cardiac catheterization).1 Exclusion criteria included severe non-cardiac
limitation to exercise (severe chronic obstructive pulmonary disorder), other causes of
pulmonary hypertension than due to HFpEF, coronary ischemia or recent myocardial
infarction (within 6 months before randomization), hypotension (< 90/50 mm Hg),
ongoing nitrate therapy, ongoing therapy with CYP3A4 inhibitors or CYP3A4 inductors, significant mitral or aortic valve dysfunction, severe liver dysfunction, pregnancy,
and unability to read study procedures. Further, patients were instructed to avoid
consumption of grapefruit juice during study participation, due to the interaction
between grapefruit juice and the pharmacokinetics of sildenafil.2
Randomization

The computerized system assigned a randomization number to each eligible patient,
which randomized the patient to a treatment group and specified a unique drug number for study drug to be dispensed. After randomization, the study medication was
issued by the hospital pharmacy. Study investigators, including those administering
study drug, and those undertaking study related assessments, and participants were
masked to treatment for the duration of the trial.
Study procedures

The (left and) right heart catheterization procedure and echographic measurements
were performed in an elective setting and in clinically stable patients. Patients with
mean PAP > 25 mm Hg and mean PAWP > 15 mm Hg, with a LVEF of 45% of greater
determined by the simultaneous performed echography, and who fulfilled other inclusion and exclusion criteria, were approached by the principle investigator of the
study. After detailed explanation of purposes, procedures and possible risk, patients
provided written informed consent and were scheduled for a baseline exercise test,
usually within one day. However most of the exercise tests were already performed
within one day prior the heart catheterization. An exercise test performed less than
3 months before study inclusion was accepted as initial exercise test. Patient then
underwent physical examination and blood sampling. After baseline examinations,
patients started with sildenafil or placebo 20 mg three times a day. After two weeks,
patients were subjected to clinical examination and NYHA class evaluation. If the initial dose was tolerated – absence of severe adverse effects and hypotension (<90/50
mm Hg) – doses were increased to 60 mg three times a day. After 4 weeks, patients
underwent a physical examination and NYHA class evaluation. In addition, it was
evaluated whether high doses of sildenafil was tolerated. In total, patients received
study medication for 12 weeks. After 12 weeks, a second right heart catheterization and
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exercise test were performed next to clinical examination and NYHA class evaluation.
Kansas City Cardiomyopathy Questionnaires (KCCQ) were completed at baseline and
12 weeks. (Figure S1).
Right heart catheterization

Hemodynamic measurements were performed with patient in fasting state, in supine
position. The transducer was adjusted to reflect the midthorax by using the point of
Ludivici between manubrium and sternum - 5 cm as zero reference level. In patients
with a very small or large posture, we used the midthoraric line to determine the
zero reference level. A 7F thermodilution balloon-tipped catheter was inserted percutaneously, under local anesthesia, into the right femoral vein and floated under fluoroscopy to the right atrium. The catheter was then advanced into the right ventricle,
and positioned in the pulmonary artery and wedge position and the pressures were
recorded. Furthermore, saturation, heart rate, cardiac output, and blood pressure
were measured. Change from the typical pulmonary artery waveform to the typical
wedge pulmonary pressure waveform on inflation of the balloon catheter and typical
fluoroscopic position of the catheter was considered for a satisfactory wedge pulmonary pressure - characterized by distinct “a” and “v” waveforms. The wedge pressure
was measured at end-expiration according to initial validation of using the PAWP as a
surrogate measure of the left ventricular end diastolic pressure (LVEDP).3 A left heart
catheterization was performed in most of the patients (those without a recent left
heart catheterization) in order to exclude significant coronary artery disease or left
valvular valve disease. Left ventricular end diastolic pressure (LVEDP) was measured
at baseline. Pulmonary arteriolar resistance and total systemic vascular resistance
index were calculated in dynes * seconds/cm5.
Exercise test

To estimate maximum exercise, participants underwent a cardiopulmonary exercise
test on a tread mill. Before the test, a rest electrocardiogram was present. The exercise
test was performed according to the Weber auto protocol. Patients were instructed
to provide a maximum exertion. The following stop criteria were considered: patient
reached plateau phase for one minute, patient cannot walk further, patient is unable
to maintain walking speed, decrease in breathing reserve and O2 heart rate. Reaching
the expected VO2 max value was not considered as a stop criterion. Peak VO2 was
expressed in ml/minute/kg.
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Supplemental Results
Study outcomes in the per-protocol set

The per-protocol set included all subjects from the full analysis set, excluding subjects
violating exclusion criteria, subjects deviating from the protocol guidelines during
the trial (including treatment compliance of taken study medication for at least 80%
of the study period) in a sufficiently serious manner to warrant data exclusion and
subjects who withdraw from the trial resulting in missing data.
Primary and secondary outcomes in the per protocol set

In the per-protocol analysis, change in mean PAP was -2.7 (95% CI -4.8 to -0.5) mmHg
in the sildenafil treated group and -4.4 (95% CI -7.0 to -1.8) mmHg in the placebo
treated group (p = 0.28). Mean change from baseline of PAWP after week 12 was -0.6
(95% CI -2.1 to 1.0) mmHg in the sildenafil treated group, and -3.1 (95% CI -4.6 to -1.5)
mmHg in the placebo treated group (p = 0.022). ). Mean change in cardiac output
from baseline at week 12 was -0.4 (95% CI -0.9 to 0.1) L/min in the sildenafil treated
group and -0.2 (95% CI -0.4 to 0.1) L/min in the placebo treated group (p = 0.38).
Mean change from baseline in peak VO2 at week 12 was 0.2 (95% CI -0.9 to 1.4) ml/
min/kg in the sildenafil treated group, and 0.4 (95% CI -0.5 to 1.4) ml/min/kg in the
placebo treated group (p = 0.76).
Concomitant medication during follow-up

Table S2 summarizes medication at baseline and at visit 4. No pronounced differences
were observed between groups. During follow-up, dose of diuretics was changed in 4
patients (3 sildenafil treated patients and 1 placebo treated patient), where 2 had an
increased dose compared to baseline and 2 were back to their baseline diuretic dose.
Also, we found no differences in weight between groups at week 2 (p = 0.26), 4 (p
= 0.32) and 12 (p = 0.25). In one sildenafil patient, beta-blocker dose was decreased.
One placebo patient stopped with taking an ACE-inhibitor and Aldosteron Receptor
Blocker during study participation.
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Supplemental Tables

Table S1 ○ Baseline characteristics according to treatment allocation
Variable

Sildenafil

Placebo

Standardized differences
0.403

Demographics
Age (years)

72 ± 12

76 ± 7

Female, n (%)

20 (77)

17 (65)

0.257

Caucasian, n (%)

24 (92)

26 (100)

0.401

II

6 (23)

5 (19)

0.094

III

20 (77)

21 (81)

0.094

IV

0

0

NYHA, n (%)

LVEF (%)

58 ± 4

58 ± 4

Systolic blood pressure (mmHg)

140 (130 – 150)

145 (140 – 150)

0.049
0.355

Diastolic blood pressure (mmHg)

78 (70 – 80)

79 (70 – 80)

0.167

Heart rate (bpm)

69 (65 – 81)

70 (61 – 79)

0.306

Body mass index

28 ± 7

30 ± 6

0.410

Medical history
Coronary artery disease, n (%)

5 (19)

12 (46)

0.599

Percutaneous coronary intervention,

3 (12)

10 (39)

0.654

Coronary artery bypass graft

3 (12)

3 (12)

0

Cerebrovascular disease, n (%)

3 (12)

5 (19)

0.214

Pulmonary embolus, n (%)

0 (0)

3 (12)

0.511

Atrium fibrillation or atrial flutter, n (%)

14 (54)

18 (69)

0.320

Chronic

10 (39)

16 (62)

0.473

Paroxysmal

4 (15)

2 (8)

0.243

Medical history

Diabetes, n (%)

7 (27)

11 (42)

0.328

Hypertension, n (%)

22 (85)

25 (96)

0.399

Hypercholesterolemia, n (%)

14 (54)

13 (50)

0.076

Pacemaker, n (%)

6 (23)

4 (15)

0.196

ICD, n (%)

1 (4)

0 (0)

0.281

Beta Blockers

22 (85)

23 (89)

0.113

Diuretics

22 (85)

25 (96)

0.402

ACE Inhibitors /Angiotensin Receptor Blockers

17 (65)

22 (85)

0.455

Mineralocorticoid Receptor Antagonists

6 (23)

12 (46)

0.500

7.9 ± 0.9

8.2± 0.9

0.256

Medication, n (%)

Laboratory
Hb (mmol/L)
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Table S1 ○ Baseline characteristics according to treatment allocation (continued)
Variable
Creatinine (umol/L)
Urea (mmol/L)
AST (U/L)
ALT (U/L)

Sildenafil

Placebo

Standardized differences

96± 36

102± 39

0.153

7.6 (6.1 – 9.0)

8.1 (6.3 – 11.3)

0.322

23 (21 – 27)

23 (19 – 30)

0.139

17 (14 – 22)

18 (13 – 23)

0.232

Glucose (mmol/L)

5.7 (5.4 – 7.9)

6.4 (5.6 – 7.2)

0.256

NT-proBNP (ng/L)

1109 (535-1945)

956 (536-1858)

0.045

NYHA, New York Heart Association; LVEF, Left Ventricular Ejection Fraction; ACE, Angiotensin Converting Enzyme; Hb, Hemoglobin; AST, Aspartate Aminotransferase; ALT, Alanine Aminotransferase; NT-proBNP, N-terminal pro-Brain Natriuretic Peptide
Normally distributed data are presented as mean+SD
Non-normally distributed data are presented as median (interquartile range)
Categorical variables are reported as number and percentages of observations
Analysis of variance, student’s T-test were used for continuous normally distributed variables. Chi-square test,
Wilcoxon test for continuous non-normally distributed variables, x2 test for categorical variables
Standardized difference compares the differences in means or proportions in units of the pooled standard deviation
Table S2 ○ Medication and physical examination at baseline and 12 weeks
Baseline
Sildenafil

Week 12
Placebo

Sildenafil

Placebo

Medication
Beta Blockers, n (%)

22 (85)

23 (89)

21 (81)

22 (85)

Diuretics, n (%)

22 (85)

25 (96)

21 (81)

24 (92)

Furosemide

13 (50)

10 (38)

13 (50)

10 (38)

Bumetanide

6 (23)

10 (38)

5 (19)

10 (38)

Hydrochlorothiazide

3 (12)

7 (27)

3 (12)

6 (23)

ACE Inhibitors, n (%)

11 (42)

13 (50)

11 (42)

12 (46)

Angiotensin Receptor Blockers, n (%)

6 (23)

13 (50)

6 (23)

12 (46)

Mineralocorticoid Receptor Antagonists, n (%)

6 (23)

12 (46)

7 (27)

11 (42)

Physical examination
Body weight, kg

78 ± 18

85 ± 18

79 ± 18

85 ± 19

Heart rate, bpm

69 (65 – 81)

70 (61 – 79)

68 (61 – 79)

70 (60 – 80)

Systolic blood pressure

140 (130 – 150)

145 (140 – 150)

145 (120 – 150)

140 (130 – 150)

Diastolic blood pressure

78 (70 – 80)

79 (70 – 80)

75 (70 – 85)

80 (70 – 81)

ACE, Angiotensin Converting Enzyme; LVEF, Left Ventricular Ejection Fraction; NT-proBNP, N-terminal pro Brain
Natriuretic Peptide
Normally distributed data are presented as mean+SD
Non-normally distributed data are presented as median (interquartile range)
Analysis of variance, student’s T-test were used for continuous normally distributed variables. Chi-square test,
Wilcoxon test for continuous non-normally distributed variables, x2 test for categorical variables
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Table S3 ○ Incidence of Adverse Events in Safety Population
Adverse Event (AE), n (%)

Sildenafil

Placebo

Total

Primary safety (composite) endpoint occurred

1 (4)

1 (4)

2 (4)

Cardiac failure

1 (4)

0

1 (2)

Intestinal infarction

0

1 (4)

1 (2)

Death

1 (4)

1 (4)

2 (4)

3 (12)

2 (8)

5 (10)

Pneumonia

1 (4)

2 (8)

3 (6)

Vascular Pseudoaneurysm

1 (4)

0

1 (2)

Medical Device Complication

1 (4)

0

1 (2)

Elective Surgery

1 (4)

0

1 (2)

Respiratory Tract Infection

1 (4)

0

1 (2)

Non-serious AEs

22 (85)

21 (81)

43 (83)

Headache

4 (15)

3 (12)

7 (27)

Nausea

2 (8)

2 (8)

4 (8)

Dyspepsia

1 (4)

0

1 (2)

Dizziness

1 (4)

3

4 (8)

Flushing

1 (4)

2 (8)

3 (6)

Visual Impairment

0

5 (20)

5 (10)

Insomnia

1 (4)

2 (8)

3 (6)

Fatigue

1 (4)

0

1 (2)

Abdominal pain

2 (8)

2 (8)

4 (8)

Myalgia

4 (15)

4 (15)

8 (15)

Ventricular tachycardia

0

1 (4)

1 (2)

Chest pain

2 (8)

1 (4)

3 (6)

Dry mouth

1 (4)

1 (4)

2 (4)

Respiratory tract infection

9 (35)

3 (12)

12 (23)

Infection (other)

3 (12)

1 (4)

4 (8)

Increased erection

1 (4)

0

1 (2)

Hypotension

2 (8)

1 (4)

3 (6)

Dyspnea

2 (8)

0

2 (4)

Oedema peripheral

5 (19)

2 (8)

7 (13)

Non-study specific SAEs

Categorical variables are reported as number and percentages of observations
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Figure s1a ○ Individual values for mean pulmonary artery pressure (PAP) at baseline and after 12 weeks of
treatment with sildenafil
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Figure s1b ○ Individual values for mean pulmonary artery
pressure (PAP) at baseline and after 12 weeks of
treatment with placebo
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