@ ESC European Journal of Heart Failure (2022) 24, 1239-1248 RESEARCH ARTICLE

European Society doi:10.1002/ejhf.2527
of Cardiology

Effects of sildenafil on symptoms and exercise
capacity for heart failure with reduced ejection
fraction and pulmonary hypertension

(the SilHF study): a randomized placebo-
controlled multicentre trial

Trond J. Cooper'#, John G.F. Cleland?3, Marco Guazzi4, Pierpaolo Pellicori3-5,
Tuvia Ben Galé, Offer Amir’, Abdallah Al-Mohammad?, Andrew L. Clark5,
Alex McConnachie3, Kjetil Steine?, and Kenneth Dickstein1?

TStavanger University Hospital, Stavanger, Norway; 2National Heart Lung Institute, Imperial College, London, UK; 3Robertson Centre for Biostatistics and Glasgow Clinical Trials
Unit, University of Glasgow, University Avenue, Glasgow, UK; #Cardiology Department, University of Milano, San Paolo Hospital, Milan, Italy; >Hull University Teaching Hospitals
NHS Trust, Castle Hill Hospital, Cottingham, UK; éHeart Failure Unit, Cardiology Department, Rabin Medical Center, Petah Tikva and Sackler Faculty of Medicine, Tel Aviv
University, Tel Aviv, Israel; "Division of Cardiology, Hadassah Medical Center, Faculty of Medicine, Hebrew University Jerusalem Israel & Azrieli Faculty of Medicine, Bar-llan
University, Zfat, Israel; #University of Sheffield, Sheffield Teaching Hospitals NHS Foundation Trust, Sheffield, the UK, Sheffield, UK; *Department of Cardiology, Akershus
University Hospital, Oslo, Norway; and "®University of Bergen, Stavanger University Hospital, Stavanger, Norway

Received 14 December 202 1; revised 26 April 2022; accepted 30 April 2022 ; online publish-ahead-of-print 6 June 2022

Aims Pulmonary hypertension (PHT) may complicate heart failure with reduced ejection fraction (HFrEF) and is associated
with a substantial symptom burden and poor prognosis. Sildenafil, a phosphodiesterase-5 (PDE-5) inhibitor, might have
beneficial effects on pulmonary haemodynamics, cardiac function and exercise capacity in HFrEF and PHT. The aim
of this study was to determine the safety, tolerability, and efficacy of sildenafil in patients with HFrEF and indirect
evidence of PHT.

Methods The Sildenafil in Heart Failure (SilHF) trial was an investigator-led, randomized, multinational trial in which patients

and results with HFrEF and a pulmonary artery systolic pressure (PASP) >40 mmHg by echocardiography were randomly
assigned in a 2:1 ratio to receive sildenafil (up to 40 mg three times/day) or placebo. The co-primary endpoints
were improvement in patient global assessment by visual analogue scale and in the 6-min walk test at 24 weeks. The
planned sample size was 210 participants but, due to problems with supplying sildenafil/placebo and recruitment,
only 69 patients (11 women, median age 68 (interquartile range [IQR] 62—74) years, median left ventricular ejection
fraction 29% (IQR 24-35), median PASP 45 (IQR 42-55) mmHg) were included. Compared to placebo, sildenafil did
not improve symptoms, quality of life, PASP or walk test distance. Sildenafil was generally well tolerated, but those
assigned to sildenafil had numerically more serious adverse events (33% vs. 21%).

Conclusion Compared to placebo, sildenafil did not improve symptoms, quality of life or exercise capacity in patients with HFrEF
and PHT.
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Graphical Abstract

The SilHF trial: Sildenafil does not improve symptoms and exercise capacity in patients

with HFrEF and secondary pulmonary hypertension.
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Co-Primary Endpoints

6-minute walk test at 24 weeks

Placebo: +33 (SD 50) m

4 Sildenafil: +24 (SD 75) m
Difference estimate (95% CI)
-2.8 (-38.5, 32.9), p=0.88

EQ-5D Visual Analogue Scale at 24 weeks

Placebo: +4.3 (SD 17.0)
Sildenafil: +2.9 (SD 16.4)

Difference estimate (95% Cl)
-1.57 (-10.64, 7.50), p=0.73

‘ Conclusions

Compared to placebo, sildenafil did not improve symptoms, quality of life or exercise
capacity in patients with HFrEF and secondary pulmonary hypertension

The SilHF trial: sildenafil does not improve symptoms and exercise capacity in patients with heart failure with reduced ejection fraction (HFrEF) and
secondary pulmonary hypertension. 6MWT, 6-min walk test; Cl, confidence interval; LVEF, left ventricular ejection fraction; PASP, pulmonary artery

systolic pressure; SD, standard deviation.
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Introduction

Raised pulmonary artery (PA) pressure is a common finding in
patients with heart failure,’® reflecting increases in left atrial
pressure, pulmonary vasoconstriction, reductions in pulmonary
compliance, increase in endothelin levels and structural changes in
the pulmonary arteriole and pulmonary capillary bed.>* Endothelial
dysfunction leading to impaired nitric oxide (NO) production may
make an important contribution to the development of pulmonary
hypertension (PHT).> Inhibition of the phosphodiesterase-5
(PDE-5) enzyme is a potential therapy for patients with heart
failure.*"® PDE-5 inhibitors prevent the degradation of cyclic
guanosine monophosphate resulting in enhanced NO availability
leading to vasodilatation, especially of the pulmonary circulation.>?
Sildenafil is widely used for the treatment of primary PHT®'%1! but
robust evidence of benefit for patients with PHT secondary to left
ventricular failure is lacking. Early studies suggested that sildenafil
might have favourable effects on pulmonary haemodynamics,
particularly in patients with heart failure with reduced ejection
fraction (HFrEF).">""> Subsequently, several small, single-centre
trials and a meta-analysis including 284 patients suggested that
sildenafil improves symptoms and exercise capacity in HFrEF.¢~"8
Accordingly, we performed a multicentre, placebo-controlled

trial to assess the effects of chronic sildenafil treatment on

Phosphodiesterase-5 inhibitors e

Quality of life o

symptoms and exercise capacity in symptomatic patients with
HFrEF and evidence of PHT on echocardiography.

Methods

Study design and protocol

The Sildenafil in Heart Failure (SilHF) trial was a 36-week,
investigator-initiated, randomized, double-blind, placebo-controlled,
multinational trial, designed to assess the efficacy, safety, and tol-
erability of chronic sildenafil treatment in patients with HFrEF. The
design and rationale have been published.® The trial was funded by
local grants from Stavanger University Hospital, and other partici-
pating centres, and a ‘Cyber Grant’ from Pfizer. Pfizer also provided
sildenafil and matching placebo. The trial was performed in five
participating centres in Norway, United Kingdom, lItaly and Israel,
coordinated from Stavanger University Hospital. An external mediator
(. Kjekshus, University of Oslo) reviewed all serious adverse events
(SAE) and fulfilled the role of an unblinded data safety monitor-
ing board. The trial protocol was approved by all members of the
Steering Committee (online supplementary Appendix S7), and local
regulatory approval was obtained by all participating centres. All
patients provided written informed consent prior to enrolment in the
study.

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Patients were randomly assigned to receive sildenafil or placebo in
a 2:1 ratio. Active treatment, in the form of sildenafil 20 mg provided
by Pfizer, was packaged and blinded at Kragerg Tabelett Produksjon
in Norway, with matching placebo. Study medication and placebo
was subsequently distributed to all participating sites. The data were
entered into an electronic case report form developed by the unit for
Applied Clinical Research for the Faculty of Medicine at the Norwegian
University of Science and Technology in Trondheim'® which was also
responsible for generating randomization codes.

Symptomatic outpatients aged >18years with HFrEF (New York
Heart Association [NYHA] functional class Il-Ill and left ventric-
ular ejection fraction [LVEF] <40%) were screened and enrolled if
they had an elevated brain natriuretic peptide (BNP, >100 pg/ml) or
N-terminal proBNP (>400 pg/ml) in the year before enrolment, and
PHT at screening, defined as a pulmonary artery systolic pressure
(PASP) >40mmHg on echocardiography/Doppler (using tricuspid

regurgitation velocity and estimating right atrial pressure using inferior
vena cava diameter and collapsibility).2’ All patients were on stable,
guideline-recommended therapy for a minimum of 3 months. The
main exclusion criteria were acute coronary syndrome, angiography
or hospitalization within last 3 months, angina, severe valvular heart
disease, or symptomatic lung disease. Patients were also excluded
if the 6-min walk test (6MWT) distance was >475m, estimated
glomerular filtration was <40 ml/min/1.73m?, or systemic systolic
or diastolic arterial pressures were >160 mmHg and >90 mmHg,
respectively. Additional inclusion and exclusion criteria are shown in
online supplementary Appendix S1.

Eligible patients were randomly allocated to either sildenafil or
placebo in a ratio of 2:1. Patients were given an initial test dose
of 10mg with a 2-hour observation period. The dose was then
up-titrated to a target maintenance dose of 40 mg three times a day
over the following 2 weeks.

Maininclusion criteria
EF s 40%
NYHA 11111
B6MWT<475m
PASP 240mmHg
NT-proBNP >400pg/ml

BNP > 100pg/ml

|

l Randomized 2:1 (n=69) ]

I

Allocated to sildenafil (n=45)
+ Received allocated intervention (n= 45)

A

I Allocation JL

L

Allocated to placebo (n= 24)
+ Received allocated intervention (n= 24)

Lost to follow-up (n=0)

Discontinued intervention (n= 3)

8 Week follow-Up |

Lost to follow-up (n=0)

Discontinued intervention (n= 0)

Analysed (n=37)
Deaths (n=4)
Discontinued intervention (n=1)

Discontinued intervention total (n=7)

[ 24 Week follow-Up 1
Analysed (n=24)

+ Discontinued intervention total (n= 0)

Figure 1 Consort diagram. 6MWT, 6-min walk test; BNP, brain natriuretic peptide; EF, ejection fraction; NT-proBP, N-terminal pro-brain
natriuretic peptide; NYHA, New York Heart Association; PASP, pulmonary artery systolic pressure.

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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There were visits at screening, inclusion, up-titration, 8 weeks,
16 weeks, 24 weeks and a final follow-up telephone call at 36 weeks.
Blood tests were performed at screening and at 24 weeks. Side effects
and changes to medication were recorded at all visits. Adverse events
(AE) and SAE were captured continuously and reviewed by J.K. The
6MWT was performed at both screening and inclusion (baseline) and
at 8 and 24 weeks. The 6MWT distance at inclusion was considered
baseline. Validated tools such as the Kansas City Cardiomyopathy
Questionnaire (KCCQ) and EuroQol-5D including a visual analogue
scale (VAS) were used to assess quality of life?’ at inclusion, week 8
and week 24. Echocardiography was also performed at screening and
weeks 8 and 24 (a full echocardiographic protocol is provided in online
supplementary Appendix S7).

Table 1 Baseline characteristics

Efficacy and safety measurements

The co-primary endpoints were patient global assessment as measured
by a VAS as part of the EuroQol-5D and the 6MWT at 24 weeks.
Secondary endpoints were safety, tolerability, and changes in symptoms
(NYHA functional class), and quality of life (KCCQ and EuroQol-5D).
Changes in renal function and PASP as assessed by echocardiography
were also evaluated.

Statistical analysis

The study was designed as a large pilot trial, without a formal sample
size calculation. The planned sample size was 210 participants, to be

All (n = 69)

Placebo (n=24)

Sildenafil (n = 45)

Demographics and medical history

Age (years)

Women

CAD

Stroke

PCI/CABG

Smoking

Hypertension
Dyslipidaemia

Diabetes

Atrial fibrillation
Weight (kg)

BMI (kg/m?2)

SBP (mmHg)

DBP (mmHg)

Heart rate (bpm)
NYHA class Il

NYHA class Il

LVEF (%)

PASP (mmHg)

6MWT distance (m)
EQ-5D health utility score
EQ-5D VAS

KCCQ clinical summary score
KCCQ overall summary score
Blood results
Haemoglobin (g/dl)
Creatinine (pmol/L)
eGFR (ml/min/1.73 m?)
NT-proBNP (pg/ml)
BNP (pg/ml)
Treatment

Loop diuretic

Thiazide diuretic
Aldosterone antagonist
ACEi or ARB
Beta-blocker

68 (62-74)
11 (15.9)

47 (68.1)

4(5.8)

35 (51.5)

7 (10.1)

38 (55.1)

49 (71.0)

24 (34.8)

32 (46.4)

81.0 (70.1-89.5)
27.1 (24.0-29.6)
115 (105-128)
70 (61-76)

71 (65-76)

32 (46)

37 (54)

29 (24-35)

45 (42-55)

374 (312-427)
0.796 (0.672—0.883)
62.5 (45.8-712)
71.9 (58.3-83.3)
60.8 (48.2-73.1)

13.2 (12.0-14.4)
103 (88-119)
58 (49-74)

60 (87)
4(5.8)

54 (79.4)
64 (92.8)
66 (95.7)

69 (63-74)
2 (8.3)

17 (70.8)

0 (0.0)

14 (58.3)

2(8.3)

14 (58.3)

20 (83.3)

10 (41.7)

9 (37.5)

80.0 (73.8-86.7)
27.0 (25.8-28.4)
121 (107-131)
70 (64-79)

70 (67-76)

12 (50)

12 (50)

29 (25-35)

44 (40-62)

406 (351-450)
0.805 (0.700—0.883)
62.5 (50.0-73.8)
745 (64.7-85.4)
662 (56.5-74.2)

13.6 (12.4-15.1)
89 (79-107)

62 (56-85)

2109 (1781-2514)
308 (165-762)

19 (79)
3 (12.5)
15 (65.2)
24 (100.0)
23 (95.8)

67 (62-74)
9 (20.0)

30 (66.7)

4(89)

21 (477)
5(11.1)

24 (53.3)

29 (64.4)

14 (31.1)

23 (51.1)

81.0 (70.0-89.6)
27.2 (23.8-29.9)
113 (101-127)
66 (61-75)

73 (64-76)

18 (44)

25 (56)

29 (23-35)

45 (42-54)

353 (311-400)
0.779 (0.620—0.850)
62.5 (45.0-70.0)
71.3 (52.6-82.3)
58.3 (45.3-72.4)

12.9 (11.9-14.3)
112 (95-126)

53 (48-67)

1668 (1112-2578)
384 (256—806)

41 (91.1)
12

39 (86.7)
40 (88.9)
43 (95.6)

Values are mean (interquartile range), or n (%).

6MWT, six minute walk test; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; BNP, brain natriuretic peptide; CABG,
coronary artery bypass grafting; CAD, coronary artery disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; EQ-5D, EuroQol-5 dimensions;
KCCQ, Kansas City Cardiomyopathy Questionnaire; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; PASP, pulmonary artery systolic pressure;
PCI, percutaneous coronary intervention; SBP, systolic blood pressure; VAS, visual analogue scale.

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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randomized in a 2:1 fashion in order to assess safety in more patients
on active treatment. The sample size was mainly derived from the
number needed to detect a significant change in the 6MWT. Based on
available data at the time, this distance was set at 40 m.2° However,
due to financial, logistical and recruitment problems, only 69 patients
were randomized.

At baseline, continuous measures are presented as median and
25th and 75th percentiles. Categorical measures are reported as num-
bers and percentages. Outcome measures are summarized at each
follow-up point, and as mean change, with standard deviation, from
baseline. Outcomes were compared between randomized groups using
linear regression, adjusting for baseline measures of the outcome. All
analyses were according to the intention to treat principle, i.e. accord-
ing to randomized group, regardless of treatment compliance. AE and
side effects are reported as number of participants experiencing each
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type of event and are compared between groups using Fisher’s exact
tests. Missing data were not imputed. No adjustments were made for
multiple comparisons, with p-values <0.05 taken as showing statistical
significance. All analyses were performed using R for Windows, v3.6.0.

Results

Recruitment was slower and more challenging than anticipated.
Moreover, during the course of the study, supply of placebo and
sildenafil was interrupted, which led to a temporary suspension
of the trial for 18 months (from September 2015 until Febru-
ary 2017). Of the 69 patients enrolled, 45 were allocated to
sildenafil and 24 to placebo (Figure 7). Their baseline characteris-
tics are shown in Table 7. Median age was 68 (Q1-Q3: 62-74)

500 —
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Figure 2 Line of identity plots on different outcome measures at baseline and week 24. 6MWD, 6-min walk distance; EQ-5D-VAS, EuroQol
Questionnaire-5 dimensions visual analogue scale; KCCQ-OSS, Kansas City Cardiomyopathy Questionnaire overall summary score.

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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years and 16% were women. Line of identity plots is provided
in Figure 2. More than 50% reported moderate breathlessness
on exertion, LVEF was often severely depressed (median 29%
[Q1-Q3: 24-35]), median PASP was 45 (Q1-Q3: 42-55) mmHg
and median 6MWT distance was 374 (Q1-Q3: 312-427)m.
Forty-six percent of patients were in chronic atrial fibrillation (AF)
and 36% of patients had echocardiographic evidence of mitral
regurgitation (MR).

Outcome measures

There was no significant difference in 6MWT distance at either 8 or
24 weeks for patients assigned to sildenafil as compared to placebo

(p=0.37 and p = 0.88, respectively). At 24 weeks, the mean change
in 6MWT distance was +33 (standard deviation [SD] 50) m in those
assigned to placebo compared to +24 (SD 75) m for those assigned
to sildenafil (Table 2).

Changes in VAS score (EuroQol-5D) were similar in those
assigned placebo or sildenafil at both 8 and 24 weeks. At 24 weeks,
the mean change in VAS was +4.3 (SD 17.0) in those assigned
to placebo compared to +2.9 (SD 16.4) for those assigned to
sildenafil. The changes in VAS were not significant.

Quality of life, as assessed by the mean differences in KCCQ
overall summary score and EuroQol-5D, did not change signifi-
cantly during 24 weeks of follow-up in either group. No significant
differences were observed between patients assigned to sildenafil

Table 2 Outcome measures — 6-min walk test, EuroQol-5D and Kansas City Cardiomyopathy Questionnaire

n Placebo

6MWT distance (m)
Participants with data at baseline and 8 weeks

Baseline 64 385.8 (83.5)
Week 8 64 396.3 (95.5)
Change 64 10.5 (38.9)
Participants with data at baseline and 24 weeks
Baseline 58 386.8 (81.8)
Week 24 58 420.0 (94.4)
Change 58 33.2(50.2)

EQ-5D visual analogue scale
Participants with data at baseline and 8 weeks

Baseline 59 60.3 (18.9)
Week 8 59 63.4 (14.0)
Change 59 3.1 (15.5)
Participants with data at baseline and 24 weeks
Baseline 52 59.9 (19.2)
Week 24 52 64.2 (16.6)
Change 52 4.3(17.0)

EQ-5D health utility score
Participants with data at baseline and 8 weeks

Baseline 57 0.761 (0.219)

Week 8 57 0.826 (0.123)

Change 57 0.066 (0.186)
Participants with data at baseline and 24 weeks

Baseline 46 0.755 (0.236)

Week 24 46 0.740 (0.330)

Change 46 —0.015 (0.341)

KCCQ clinical summary score
Participants with data at baseline and 8 weeks

Baseline 66 732 (17.3)
Week 8 66 779 (18.7)
Change 66 47 (11.4)
Participants with data at baseline and 24 weeks
Baseline 60 732 (17.3)
Week 24 60 75.7 (21.4)
Change 60 2.5 (15.1)

Sildenafil Difference Estimate (95% CI), p-value

336.8 (111.3)
353.3 (134.4)
16.5 (50.6) 112 (-13.4, 35.8), p=0.3656

341.4 (113.6)
365.4 (154.3)
24.0 (75.4) —2.8(-38.5,32.9), p=0.8765

60.3 (17.4)
62.9 (18.9)
2.6 (10.4) —0.48 (=6.70, 5.73), p=0.8769

59.5 (18.9)
62.4 (22.8)
2.9 (16.4) —1.57 (—10.64, 7.50), p=0.7295

0.705 (0.276)
0.739 (0.246)
0.035 (0.198) —0.056 (—0.144, 0.032), p =0.2082

0.777 (0.199)
0.812 (0.227)
0.035 (0.179) 0.058 (~0.089, 0.205), p=0.4312

68.4 (21.5)
69.9 (24.7)
1.5 (15.7) —3.7(-11.1,3.6), p=0.3138

70.2 (21.5)
70.7 (25.5)
0.5 (15.4) ~22(~10.4,5.9), p=0.5879

Values are mean (standard deviation).

6MWT, 6-min walk test; Cl, confidence interval; EQ-5D, EuroQol-5 dimensions; KCCQ, Kansas City Cardiomyopathy Questionnaire.

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 3 Main echocardiography measures and
creatinine at baseline and 24 weeks

Placebo Sildenafil

PASP inclusion (mmHg) 52 (16) 49 (9)
PASP week 24 (mmHg) 45 (15) 41 (13)

EF inclusion (%) 29 (8) 29 (8)

EF Week 24 (%) 31 (8) 30 (12)
E/E’ inclusion 18 (11) 21 (10)
E/E’ Week 24 15(7) 20 (11)
Creatinine baseline (pmol/L) 93 (30) 110 (23)
Creatinine Week 24 (umol/L) 100 (20) 118 (28)

Values are mean (standard deviation).
EF, ejection fraction; PASP, pulmonary artery systolic pressure.

compared to placebo. This also applied to the KCCQ clinical sum-
mary score.

Renal function tended to decline in both groups during the
course of the study, but no between group differences were
observed. In patients randomized to sildenafil, mean systolic blood
pressure did not change between baseline and 24 weeks. Mean sys-
tolic blood pressure for the sildenafil group was 115 (SD 17) mmHg
and 115 (SD 22) mmHg at inclusion and week 24, respectively,
and 121 (SD 17) mmHg and 120 (SD 18) mmHg in the control
group. No significant differences in echocardiographic variables
were observed (Table 3).

Adverse events

The proportions of patients with SAE were similar in each group,
5 (21%) with placebo and 15 (33%) with sildenafil. AE were also
similar in each group (22% with sildenafil vs. 17% with placebo)
(Table 4). There were no deaths in the placebo group, but four
(8.9%) in those assigned to sildenafil including two unwitnessed
out-of-hospital sudden deaths, for which the cause was not known
to the principal investigator, one death from worsening heart
failure and one death with lung cancer and pneumonia. There was
a significant difference in temporary withdrawals from treatment,
with 10 occurring in the sildenafil group and none in the placebo
group (p=0.01).

Discussion

We did not detect any beneficial clinical or haemodynamic effects
from chronic treatment with sildenafil in patients with symptomatic
HFrEF and non-invasive evidence of PHT.

The acute effects of sildenafil on the pulmonary circulation
have been well documented,?’ and several small trials suggest
that short-term PDE-5 inhibitor treatment may improve exercise
capacity, symptoms and quality of life.'”?> Chronic treatment with
sildenafil was also reported to improve pulmonary haemodynam-
ics, suggesting that the adverse vascular remodelling associated
with PHT might be attenuated and even reversed.”

Table 4 Safety outcomes

Sildenafil p-value?

Patients with >1 SAE 5(21%) 15 (33%) 0.4
SAE deemed related 1 (4%) 0 (0%) 0.3
to intervention

Total number of SAE 6 (25%) 17 (38%)

Patients with >1 AE 4 (17%) 10 (22%) 0.8
Hospitalizations 5(21%) 13 (29%) 0.6
Deaths 0 (0%) 4 (9%) 0.3
Side effects 1 (4%) 10 (22%) 0.08
Temporary withdrawn 0 (0%) 10 (22%) 0.01

due to any event

AE, adverse event; SAE, serious adverse event.
2Fisher’s exact test.

Lewis and co-workers'® assessed sildenafil (25—75mg three
times a day for 12weeks) in 34 patients with HFrEF and PHT,
and found that sildenafil improved exercise capacity (measured by
peak oxygen uptake [VO,] and 6MWT) and quality of life, but did
not affect pulmonary artery pressures measured by right heart
catheterization. Guazzi and colleagues’ assessed the long-term
effects of sildenafil on brachial artery flow-mediated dilatation
(FMD) and exercise capacity in 46 patients with HFrEF and PHT. In
addition to reductions in PASP and improvements in FMD, both
breathlessness and exercise capacity (peak VO,) improved with
sildenafil over 6 months. Behling and colleagues?? also reported
that sildenafil improved exercise capacity and reduced echocar-
diographic PASP in a randomized, placebo-controlled trial of 19
patients with HFrEF.

Pulmonary hypertension secondary to left heart disease
(PH-LHD) usually reflects increases in left atrial pressure, with
backwards hydrostatic pressure into the pulmonary circulation,
called isolated post-capillary pulmonary hypertension (ipcPH).
However, this can progress to pulmonary vasoconstriction and
changes in the pulmonary arterioles and microvasculature. Arteri-
olar constriction is followed by hypertrophy of arteriolar smooth
muscle and vascular remodelling leads to increases in pulmonary
vascular resistance and pressure, which is called combined pre-
and post-capillary pulmonary hypertension (cpcPH). Both forms
are differentiated using by right heart catheterization.?>

As in the study performed by Lewis,'® but in contrast to oth-
ers,"2 we found no significant reduction in PASP with chronic
administration of sildenafil. It is possible that this reflects differ-
ences in patient selection. Our trial included a high proportion
of patients with permanent AF who are likely to have chroni-
cally elevated left atrial pressures. Patients with AF have been
excluded from several other trials of sildenafil in patients with
HFrEF (Table 5).1161722-28 This difference may partially explain why
our patients had, on average, a higher PASP than those investigated
by Lewis or Guazzi. Pulmonary arteriolar constriction may have
progressed to a component of fixed pulmonary arteriolar remod-
elling in our patients suggesting that we had missed the window of
opportunity to reverse PHT. Another possible cause for discrep-
ancies between studies may be the effect of MR. In our study, 38%

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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of patients in the sildenafil group (31% in placebo) had echocardio-
graphic evidence of MR. Pulmonary vasodilators such as sildenafil,
might increase MR, thus increasing the backward pulsatile flow into
the pulmonary circulation.* Previous studies have shown that PHT
often persists after surgical correction of mitral valve disease and
that acute improvements in haemodynamics with sildenafil for such
patients may not be sustained over time.??

Trials assessing patients with heart failure with preserved ejec-
tion fraction (HFpEF) and PHT have met with little success.?’ One
small trial by Guazzi and colleagues? showed improvements in
exercise capacity and in pulmonary haemodynamics as measured
by echocardiography. A larger trial performed by Redfield and col-
leagues,® which included patients with HFpEF with and without
PHT, found no benefit on symptoms, exercise capacity or pul-
monary haemodynamics. A study conducted by Hoendermis and
co-workers, assessing sildenafil in patients with HFpEF and mainly
post-capillary PHT, found no improvement in symptoms, exercise
capacity or invasive haemodynamic measurements at 12 weeks.?’

Vericiguat, a novel oral soluble guanylate cyclase stimulator, also
increases NO production by a different pathway from sildenafil.
The VICTORIA trial,’® a large multicentre trial assessing vericiguat
in patients with advanced HFrEF, demonstrated a modest reduction
in the primary composite endpoint of hospitalizations for worsen-
ing heart failure or cardiovascular mortality. The positive results of
this trial may ensure continued interest in the NO pathway as a
potential target for treatment in HFrEF with PHT.

Sildenafil was generally well tolerated, with rates of AE and SAE
similar to placebo. There was a higher proportion of permanent
discontinuations in the sildenafil group, but this was not statisti-
cally significant. This was mainly due to non-cardiovascular causes,
including prosthetic joint infection, two patients with urinary
retention, subdural haematoma following a fall, oesophageal can-
cer, obstructive jaundice and the four deaths. None of these events
were deemed likely related to the intervention by the attending
clinician. All four deaths occurred in patients assigned to sildenafil.
Temporary discontinuations of study drug was significantly higher,
and all occurred in patients who were in the sildenafil group. Only
one in three patients was randomized to placebo and therefore
the numerical difference in deaths and temporary discontinuations
may have arisen by chance due to the small sample size, especially
of the placebo group. Temporary withdrawals were generally
short, usually only lasting a few days due to minor side effects,
most often headaches. This would also be in keeping with previous
studies (Table 5). Several other studies where PDE-5 inhibition has
been given for other indications, such as erectile dysfunction, have
also demonstrated safety and tolerability in patients with heart

failure 31-33

Limitations

There are several important limitations in our study. We random-
ized only 69 patients, which was substantially less than planned and
underpowered the study. However, in contrast to trials evaluat-
ing clinical events, in which most patients do not contribute to
the endpoints, all patients in SilHF contributed to the outcomes

such as symptoms, exercise capacity and quality of life. Interven-
tions that offer substantial clinical benefits on such outcomes do
not need large trials to show important effects; indeed, large tri-
als may detect effects that are statistically significant but clinically
irrelevant for the majority of the patients. Trials of modest size also
provide valuable information to estimate the likely magnitude and
variability in treatment effect sizes, which can be used to deter-
mine how large a trial would be required to provide a definitive
answer. Failure to detect a beneficial trend for any outcome in our
trial makes it unlikely that a much larger trial would detect a clin-
ically important effect. Additionally, as shown in Table 5, our trial
is one of the largest trial assessing PDE-5 inhibition in HFrEF, and
to our knowledge the first multicentre international trial. This was
an investigator-initiated research effort and the administration and
logistics were not funded by the pharmaceutical industry. There
were several major logistical delays, and obstacles in setting up
research centres in the participating countries. Lastly, there were
substantial delays in receiving further sildenafil and placebo when
the first batch expired due to slow recruitment.

We did not require right heart catheterization to enrol patients,
but used echo-Doppler to detect and quantify PHT non-invasively.
Although the correlation between invasive and non-invasive mea-
surements is generally good,** we did not perform right heart
catheterization and were unable to assess the reversibility of PHT,
or differentiate between ipcPH and cpcPH. Patients with HFrEF
and cpcPH might be a subgroup of patients who could obtain more
benefit from chronic PDE-5 inhibition.

Conclusion

Chronic treatment with sildenafil did not improve symptoms, qual-
ity of life or exercise capacity for patients with HFrEF and moderate
PHT assessed by echocardiography. Based on this relatively small
dataset, routine administration of sildenafil to this population is not
recommended.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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