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Abstract: Inhibitors of phosphodiesterase type 5 (PDE5i) are the first-line treatment for erectile
dysfunction and are also used to treat pulmonary hypertension. PDE5i impedes the breakdown
of nitric oxide (NO)-driven cyclic guanosine monophosphate (cGMP) in smooth muscle cells of
the vascular bed, acting as a potent vasodilator. In heart failure, cGMP signaling is altered. The
modulation of cGMP has therefore emerged as a potential therapeutic option for heart failure. In
this prospective observational study, we aim to investigate whether tadalafil, a long-acting PDE5i
used for erectile dysfunction, could also improve diastolic function assessed by cardiac ultrasound. A
total of 23 patients were enrolled, undergoing nerve-sparing robot-assisted radical prostatectomy for
prostate cancer and treated with 20 mg tadalafil on alternate days to recover erectile function. All
patients underwent tadalafil treatment for at least 6 months. Participants underwent a clinical and
cardiac ultrasound with color Doppler assessment at baseline, after 3 months, and after 6 months. At
6 months, no significant difference was found apart from lower E/e’ ratio (7.4 ± 2.7 vs. 6.3 ± 1.3;
p < 0.03), peak velocity of TR jet (2.4 ± 0.2 vs. 2.1 ± 0.2; p < 0.001), and PAPs (27.3 ± 3.6 vs. 22.9 ± 5.7;
p < 0.005). Our prospective study shows that 6 months of erectile dysfunction therapy for secondary
to radical prostatectomy is associated with a favorable effect on diastolic function, improving the E/e’
ratio and peak velocity of the TR jet.

Keywords: diastolic disfunction; echocardiography; erectile dysfunction; nitric oxide signaling

1. Introduction

Inhibitors of phosphodiesterase type 5 (PDE5is) are a class of drugs that suppresses
the degradation of cyclic guanosine monophosphate (cGMP) and were initially studied
for the treatment of angina pectoris [1] before being considered and employed as first-line
therapy for erectile dysfunction and pulmonary hypertension. The most commonly used
PDE5is are sildenafil, vardenafil, tadalafil, and avanafil [2]. The enhancement of cGMP,
derived from nitric oxide, leads to the distension of vascular smooth muscle and vasodi-
latation, which justifies the therapeutic efficacy in erectile dysfunction and pulmonary
hypertension [3]. In addition to the therapeutic role of PDE5is in erectile dysfunction
and pulmonary hypertension, preclinical studies showed that PDE5i could likely play a
role in mediating cardioprotection through complex mechanisms, suggesting a possible
clinical role of PDE5i for the treatment of cardiovascular diseases [4–8]. Patients affected by
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prostate cancer very frequently need cardiovascular assessment based on the increased risk
of cardiovascular side effects during hormonal treatment [9]. Cross links between urologic
treatment and cardiovascular disease are well recognized. It is indeed well established that
cGMP signaling is abnormal in heart failure [10]; therefore, the modulation of cGMP has
emerged as a potential therapeutic strategy for heart failure. However, no clear evidence
supports PDE5i therapy for heart failure due to the controversial results obtained by trials
investigating the role of a cGMP-augmenting therapy with PDE5i in the treatment of heart
failure [8,10]. Due to these premises, further research is urgently needed to clarify the role
of cGMP-augmenting therapies across the entire spectrum of heart failure, possibly even in
the preclinical phase.

In the current prospective study, we aimed to investigate whether tadalafil, a long-
acting PDE5i, improves the diastolic function. This was assessed using cardiac ultra-
sound in patients with no cardiovascular diseases, taking PDE5i for the prevention of
erectile dysfunction after nerve-sparing robot-assisted radical prostatectomy (RARP) for
prostate cancer.

2. Materials and Methods
2.1. Study Population

We conducted a prospective observational study involving patients who underwent
nerve-sparing robot-assisted radical prostatectomy for prostate cancer at Federico II Uni-
versity Hospital, Naples, Italy (Research Ethics Board of “Federico II” University of Naples,
n.316/20), from November 2018 to December 2019. Patients in treatment with tadalafil for
erectile function recovery, i.e., penile rehabilitation, for at least 6 months after prostatectomy
were included in the study [11]. Exclusion criteria were considered: diabetes mellitus, left
ventricular (LV) ejection fraction <53%, more than mild valvular disease, atrial fibrillation,
history of dyspnea, and inadequate echocardiographic imaging. All the patients underwent
thorough cardiac clinical assessment before starting tadalafil therapy and were assessed
again at 3- and 6-month follow-up visits. These visits included medical history, clinical
examination, heart rate measurement, blood pressure, body mass index, and color Doppler
cardiac ultrasound, performed at the Interdepartmental Laboratory of Echocardiography
at the same University. All patients were treated with tadalafil 20 mg every other day for at
least 6 months. All patients provided written informed consent.

2.2. Transthoracic Echocardiography

An experienced echocardiologist (L.F.) performed all image acquisitions using a GE
Vivid E95 ultrasound machine (GE Healthcare, Horten, Norway) provided by a 3.5 MHz
transducer. LV quantitative analysis was conducted in accordance with guidelines [12].
LV mass and relative wall thickness were calculated using a two-dimensional parasternal
long-axis view. LV mass was indexed to the patient’s height elevated to 2.7, while the left
atrial (LA) volume was indexed to the body surface area. LV ejection fraction (LVEF) was
determined using the biplane method computing the LV end-diastolic and end-systolic
volumes in apical four- and two-chamber views. LV diastolic function was measured
according to current recommendations [13]. Global Longitudinal Strain (GLS) was assessed
offline using a workstation (EchoPAC only software version 113, GE Healthcare, Horten,
Norway), with images taken in the apical views (three-chamber, four-chamber, and two-
chamber). An automated 2D strain software with manual adjustment capability was used
to trace endocardial and epicardial borders. Peak longitudinal strain was measured for the
basal, mid, and apical segments for each wall, obtaining a 16-segment bullseye. GLS was
obtained as a mean of all peak strain before the aortic valve closure. The reproducibility of
GLS was previously published [14,15]. The day-to-day variability in the measurements of
parameters investigating LV diastolic function was previously assessed in our laboratory by
calculating intraclass correlation coefficients [16]. Our results indicated excellent reliability
of the estimates of LV diastolic function.
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RV Systolic Function

Tricuspid annular plane systolic excursion (TAPSE) was measured to assess RV systolic
function. Pulmonary arterial systolic pressure (PASP) was estimated in accordance with
current guidelines; tricuspid regurgitation peak velocity was added to an estimate of
right atrial pressure (RAP). RAP was estimated from the measurement of the size and
the respiratory reactivity of the inferior vena cava (IVC): (a) RAP = 5 mmHg when IVC
diameter is <2.1 cm and has normal inspiratory collapse; (b) RAP = 10 mmHg when IVC
diameter is >2.1 cm or when it collapses <50%; (c) RAP = 15 mmHg when IVC is both
dilated and collapses <50%; (d) RAP = 20 mmHg when IVC is dilated and has no visible
collapse [17].

2.3. Statistical Analysis

Continuous variables are expressed as mean ± standard deviation. Statistical dif-
ferences between continuous variables were tested using the unpaired Student’s t-test or
the equivalent nonparametric procedure (Mann–Whitney U test) for variables not nor-
mally distributed. A comparison of echocardiographic variables before and after the use
of tadalafil was performed using the paired t-test. A p-value of <0.05 was considered
statistically significant. The day-to-day variability in chosen variables was assessed by
calculating intraclass correlation coefficients (ICCs) and their 95% CIs. Statistical analysis
was performed using SPSS package, release 12 (SPSS Inc., Chicago, IL, USA).

3. Results

Of a total of 49 subjects, we excluded 19 because of: LVEF < 53% (n = 4), more than mild
valvular disease (n = 4), atrial fibrillation (n = 2), inadequate echocardiographic imaging
(n = 3), and drop-out at follow-up (n = 10). The remaining 30 patients were included in this
analysis (Figure 1).
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Figure 1. Patient flow and study design.

The mean age was 64 + 7.6 years. At baseline, 11 patients had arterial hypertension,
7 were dyslipidemic, 8 were smokers, none were diagnosed with chronic obstructive
pulmonary disease (COPD) and diabetes mellitus, and only 1 patient presented with
peripheral arterial disease. Patient characteristics at enrollment and after 6 months of
treatment with tadalafil are reported in Table 1.
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Table 1. Characteristics of the patients at baseline and after 6 months of treatment with tadalafil.

Baseline At 6 Months p-Value

SBP (mm Hg) 127 ± 13 129 ± 16 0.71
DBP (mm Hg) 73.6 ± 7.9 75.7 ± 8.7 0.33

HR (bpm) 72.0 ± 10.7 69.2 ± 10.5 0.45
BW (kilograms) 78.6 ± 8.5 77.3 ± 9.7 0.49

BW = body weight; DBP = diastolic blood pressure; SBP = systolic blood pressure; HR = heart rate.

Echocardiographic data were collected at 3 and 6 months for all patients. After
3 months of treatment with tadalafil, no difference was found between echocardiographic
parameters, as reported in Table 2.

Table 2. Echocardiographic findings at 3 months of treatment with tadalafil.

Baseline At 3 Months p-Value

LVM/ht2.7 (g/m2.7) 35.0 ± 7.0 36.1 ± 10.1 0.54
RWT 0.37 ± 0.6 0.35 ± 0.5 0.53

E/e’ ratio 7.4 ± 2.7 6.9 ± 1.4 0.2
TAPSE (mm) 23.9 ± 3.5 23.2 ± 4.0 0.56
TR vel (m/s) 2.4 ± 0.2 2.3 ± 0.2 0.8

LAVi (mL/m2) 28.4 ± 6.8 37.8 ± 5.2 0.3
EF (%) 60.4 ±4.9 60.7 ± 3.3 0.9

GLS (%) 21.0 ± 1.6 20.8 ± 1.6 0.7
PAPs (mmHg) 27.3 ± 3.6 26.0 ± 6.0 0.36

LVM/ht2.7 = LV mass was indexed to patients’ height elevated to 2.7; RWT = relative wall thickness; TAPSE =
tricuspid annulus pulsed systolic excursion; TR vel = tricuspid jet velocity; LAVi = left atrial volume index; FE =
ejection fraction, GLS = global longitudinal strain; PAPs = pulmonary arterial peak systolic pressure.

At 6 months, there was no significant variation in standard echocardiographic param-
eters, but E/e’ ratio, peak velocity of TR jet, and PAPs were significantly lower, as reported
in Table 3 (Figure 2).

Table 3. Echocardiographic findings at 6 months of treatment with tadalafil.

Baseline At 6 Months p-Value

LVM/height2.7(g/m2.7) 35.0 ± 7.0 37.4 ± 11 0.27
RWT 0.37 ± 0.6 0.36 ± 0.6 0.62

E/e’ratio 7.4 ± 2.7 6.3 ± 1.3 0.03
TAPSE (mm) 23.9 ± 3.5 23.0 ± 3.0 0.34
TR vel (m/s) 2.4 ± 0.2 2.1 ± 0.2 0.001

LAVi (mL/m2) 28.4 ± 6.8 27.3 ± 5.6 0.51
EF (%) 60.4 ±4.9 61.0 ± 3.3 0.60

GLS (%) 21.0 ± 1.6 20.8 ± 1.5 0.44
PAPs (mmHg) 27.3 ± 3.6 22.9 ± 5.7 0.005

See Table 2 for the legend.
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4. Discussion

Our prospective study shows that PDE5 inhibition with tadalafil for 6 months, in
patients who underwent penile rehabilitation for erectile function secondary to radical
prostatectomy, is associated with favorable effects on left ventricular diastolic function,
improving the E/e’ ratio and the tricuspid jet (TR). Although over 20 parameters have
been suggested to noninvasively assess left ventricular diastolic function, not all these
parameters are currently utilized in routine clinical practice [13]. In 2016, the American So-
ciety of Echocardiography (ASE) and the European Association of Cardiovascular Imaging
(EACVI) proposed a simple algorithm for the noninvasive evaluation of left ventricular
diastolic function based on the evaluation of the E/e’ ratio and peak TR velocity [13].
The ESC 2021 guidelines on heart failure confirmed that both the E/e’ ratio and peak TR
velocity should be used as echocardiographic markers of left ventricular diastolic dys-
function/raised left ventricular filling pressures [18]. It remains to be proven that the
improvement in E/e’ ratio and peak TR velocity observed in our patients after tadalafil
therapy may have clinical importance. Indeed, the patients enrolled in our study showed
no signs of left ventricular diastolic dysfunction. However, the finding that a drug can
improve left ventricular diastolic function may be of interest, although additional investi-
gations dedicated to this issue are needed. Pre-emptive intervention with drugs capable
of improving left ventricular diastolic function could prevent the onset of left ventricu-
lar diastolic dysfunction in subjects at greater risk or attenuate its progression to heart
failure. Data on the beneficial effect of drugs acting on the guanylate cyclase stimulator
on patients with chronic HF with reduced ejection fraction have recently been published.
Increased levels of cyclic GMP caused by inducing nitric oxide soluble guanylate cyclase
(cGM) pathway appear to have a positive impact on hospitalization for heart failure and
mortality [19]. Even if no data on nitric oxide pathways induction in patients with HF
with preserved systolic function have been provided, a beneficial analogous effect could
be supposed for both cGM and PDE drugs that act by increasing nitric oxide levels with a
beneficial impact on cardiovascular function. It is known that asymptomatic left ventricular
diastolic dysfunction can evolve into overt heart failure. In a randomly selected cohort of
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2042 subjects ≥45 years old that were followed for 4 years, Kane et al. demonstrated that
diastolic dysfunction was an independent risk factor for heart failure in the elderly, even
in apparently healthy subjects [20]. A subsequent meta-analysis of 13 reports based on 11
distinct studies assessing a total of 25,369 participants followed for 7.9 years on average,
including asymptomatic subjects with diastolic dysfunction, revealed a 70% increased
risk of progressing to heart failure in subjects with asymptomatic diastolic dysfunction
in comparison with subjects without asymptomatic diastolic dysfunction [21]. To date,
no treatment has been shown to convincingly reduce mortality and morbidity in a popu-
lation of patients with heart failure with preserved ejection fraction [21]. Therefore, the
development of new therapies remains a challenging and unresolved task. The observed
improvements in diastolic function indices after 6 months of tadalafil therapy could be
tested in a prospective and randomized trial to assess whether tadalafil provides clinical
benefit in patients with heart failure and preserved ejection fraction. Previous studies have
investigated the effects of PDE5i on cardiac function, reporting controversial results. In
44 patients with stable systolic heart failure randomly assigned to placebo or sildenafil,
Guazzi et al. demonstrated that PDE5 inhibition with sildenafil significantly improves left
ventricular diastolic function properties [22]. In contrast, in the subsequent Relax trial by
Redfield et al., including 216 patients with heart failure with preserved ejection fraction,
sildenafil showed no beneficial effects on exercise capacity and left ventricular diastolic
function [23]. Similarly, Andersen et al. reported that sildenafil treatment for 9 weeks
did not show any significant improvements in the predetermined primary endpoints (LV
filling pressure at rest or during exercise) in 70 patients with diastolic dysfunction and
preserved ejection fraction after acute myocardial infarction. In addition, Andersen and
coworkers did not detect any significant improvement in diastolic function, as assessed by
Doppler echocardiography, following the treatment with sildenafil [24]. Differently, in a
12-week, randomized, double-blind, placebo-controlled trial, Kim et al. reported that PDE
5 inhibition with udenafil ameliorates systolic and diastolic function of the left ventricle
along with exercise capacity in patients with chronic heart failure with reduced ejection
fraction [25]. A subsequent meta-analysis performed by De Vecchis et al. found that PDE5
inhibitors improved clinical outcomes, exercise capacity, and pulmonary hemodynamics
in the RCTs of patients (n = 555) with heart failure and reduced left ventricular ejection
fraction [26]. In contrast, in the RCTs of patients with heart failure with preserved left
ventricular ejection fraction (n = 373), no benefit was shown from PDE5i use regarding
all of the investigated endpoints. Again, in a randomized placebo-controlled study, Liu
et al. found that treatment with sildenafil for 12 weeks in 52 patients with heart failure
with preserved ejection fraction and predominantly isolated post-capillary pulmonary
hypertension did not affect the cardiac structure, cardiac function, exercise response, or
quality of life [27]. More recently, Belyavskiy et al. investigated 50 patients with heart
failure with preserved ejection fraction and combined pre- and post-capillary pulmonary
hypertension [28]. In the 30 patients treated with sildenafil for 6 months, the authors
observed improvements in exercise capacity, pulmonary hemodynamic parameters, and
right ventricular function. No changes occurred in the control group [29].

One explanation for the seemingly contradictory findings in the above studies may be
due to the differences in the assessment methods of the effects of the drugs. It is also possible
that a lack of homogeneity in the characteristics of the study populations in terms of etiology,
comorbidities, and therapies associated with PDE5 inhibitors may have contributed. The
efficacy of PDE5 inhibitors might differ according to the pathological process under study.
A single class of drugs cannot prove effective in all clinical scenarios. PDE5 inhibitors
demonstrated clinical benefit in patients with heart failure with reduced ejection fraction. In
the preserved ejection fraction setting, PDE5 inhibitors may only benefit select patients with
reversible pulmonary hypertension and right ventricular systolic dysfunction. Additionally,
further differences in cardiovascular response to treatment could be found in the different
genetic backgrounds. Indeed, Manca P. et al. demonstrated that the impact of heart failure
treatment on the right heart chamber could be influenced by different genetic backgrounds,
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determining heterogenic results [30]. Given the small numbers of patients enrolled in the
various studies, we cannot exclude a play of chance. The PASSION trial evaluating the
impact of tadalafil on clinical endpoints in patients with combined pre- and post-capillary
pulmonary hypertension due to heart failure with preserved ejection fraction is ongoing,
under the direction of Dr. M. Hoeper, Hanover, and Dr. S. Rosenkranz, Cologne, and
will provide relevant information with potential implications for the clinical use of PDE5
inhibition in patients with heart failure and preserved ejection fraction [31].

Several study limitations should be acknowledged. Because of the small sample size,
this study should be interpreted as a preliminary investigation; the precision for estimation
of the magnitude of effects of tadalafil is far too low. Given the observational nature of
the study, no sample size estimation was calculated. The probands were in control of
themselves after 6 months of treatment; thus, a randomized control design of the study was
not conceivable. Therefore, the possible evidence of causality between tadalafil therapy
and improvement in diastolic function should be considered. The enrolled population
was limited to prostate cancer patients undergoing robot-assisted radical prostatectomy
at our tertiary urologic center; thus, no information about the impact of more invasive,
conventional surgical treatment was explored. Possible additional beneficial effects on the
cardiovascular system could be assumed secondary to a less invasive treatment.

5. Conclusions

In conclusion, the efficacy of tadalafil in improving some echocardiographic param-
eters of left ventricular diastolic function observed in our study must be interpreted as
hypothesis-generating. We recommend that the role of tadalafil in the prevention and
treatment of diastolic dysfunction should be considered for future studies.
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