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Abstract
This randomized crossover and placebo-controlled trial evaluated the effects of daily use of sildenafil citrate (SIL, 1-month
50 mg twice daily) on penile and systemic endothelial microvascular function in hypertensive patients presenting with
erectile dysfunction. The effects of SIL on arterial pressure were evaluated using ambulatory blood pressure monitoring
(ABPM). Fifty patients diagnosed with primary arterial hypertension and erectile dysfunction (aged 57.4 ± 5.6 years),
recruited in a tertiary public hospital, were treated with SIL (50 mg twice daily) or placebo (PLA) for two 30-day periods
with a 30-day washout between them. Laser speckle contrast imaging coupled with acetylcholine skin iontophoresis was
used to evaluate penile and systemic (forearm) cutaneous microvascular reactivity. SIL treatment increased penile basal
microvascular flow (P= 0.002) and maximal endothelial-dependent peak response to skin iontophoresis of acetylcholine
(ACh, P= 0.006). The area under the curve of microvascular vasodilation induced by ACh was also significantly increased
(P= 0.02). Lastly, SIL treatment did not modify systemic microvascular reactivity. Twenty-four-hour ABPM (P= 0.0002)
and daytime (P= 0.002) and nighttime (P= 0.001) mean diastolic blood pressure values were significantly reduced after
SIL treatment. The scores of the Simplified International Index of Erectile Function (P < 0.0001) and the number of patients
with positive responses to Sexual Encounter Profile question 3 (P < 0.0001) also increased after SIL treatment. Penile
endothelium-dependent microvascular reactivity improved after continuous use of sildenafil in hypertensive patients with
erectile dysfunction; the treatment also reduced blood pressure, suggesting that, in addition to improving erectile function,
daily use of sildenafil could improve blood pressure control.

Introduction

Erectile dysfunction (ED) is a health problem with high
prevalence that is related to endothelial dysfunction [1] and
to an increased risk of cardiovascular disease [2]. In fact, it
is currently accepted that vascular endothelial dysfunction is
the link between ED and cardiometabolic diseases, includ-
ing hypertension, diabetes, and atherosclerosis [1, 3]. In this
context, the widespread use of type 5 phosphodiesterase
inhibitors (iPDE-5) has led more patients with ED to seek
medical help, providing an excellent opportunity for the
identification and correction of possible cardiovascular risk
factors presented by these patients [4]. ED is strongly
associated with age, with an estimated prevalence of 39% in
men aged 40 years and 67% at 70 years [5]. Burchardt et al.
reported a prevalence of 68.3% of ED in hypertensive men
with a mean age of 62.2 years and observed that ED was
considered severe in 45.2% of these patients [6]. Thus, in
addition to being considered the main risk factor for the
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development of cardiovascular diseases, arterial hyperten-
sion appears to be an important risk factor for ED.

In the late 1990s, sildenafil citrate (SIL) was the first oral
drug approved for the treatment of ED. Currently, there is
no doubt about the efficacy and safety of iPDE-5 in the
treatment of vasculogenic ED, including in hypertensive
patients [7–10]. Nevertheless, there is still little evidence on
the continuous use of SIL on blood pressure reduction.
Oliver et al. were the first to test SIL in continuous use in
hypertensive patients and suggested that this drug could be
used as antihypertensive drug [11].

There are no reports on penile microvascular reactivity in
patients with ED or on the effects of the chronic treatment
with iPDE-5 on penile microvascular function. Vardi et al.
were the first to describe the existence of penile endothelial
dysfunction in nonhypertensive men with ED, compared
with men without ED, using venous-occlusive plethysmo-
graphy [12]. Using this methodology, these same authors
showed that a chronic treatment with SIL (1-month 50 mg
daily) improves penile endothelial function compared with a
placebo (PLA) treatment [13]. It is important to mention
that venous-occlusive plethysmography evaluates changes
in blood flow per tissue volume independently from endo-
thelial function [14]. On the other hand, in the present
study, we evaluated exclusively the microvascular
endothelium-dependent effects of chronic treatment
with SIL.

We have recently demonstrated the usefulness of a laser-
based noninvasive technique, known as laser speckle con-
trast imaging (LSCI), on the evaluation of penile micro-
vascular endothelial reactivity [15]. Using LSCI, we
showed that the acute oral administration of SIL (100 mg)
significantly increases penile microvascular vasodilation in
both normotensive and hypertensive individuals [16].

The primary objective of the present randomized cross-
over PLA-controlled trial was to evaluate the effects of SIL
(1-month 50 mg twice daily) on penile and systemic endo-
thelial microvascular function in hypertensive patients pre-
senting with ED. The secondary objective of the study was
to determine the chronic effects of SIL on arterial pressure,
using ambulatory blood pressure monitoring (ABPM).

Methods

Study design

This study was performed in accordance with the Declara-
tion of Helsinki (revised in 2013) and approved by the
Institutional Review Board of the National Institute of
Cardiology, at the Ministry of Health in Brazil (http://plata
formabrasil.saude.gov.br) with protocol number CAEE
17663813.4.0000.5272 and was registered on clinicaltrials.

gov with the number NCT02620995. Written informed
consent was obtained before inclusion.

We selected for this study sexually active men, aged
49–70 years, with diagnoses of primary systemic arterial
hypertension and ED, treated at the outpatient clinic of the
National Institute of Cardiology of Rio de Janeiro, a tertiary
public hospital, or who were referred from other units by
their attending physicians, during a 36-month period (from
2015 to 2018). Inclusion criteria were patients with blood
pressure <160/100 mmHg under drug treatment and with a
score ≤21 in the IIEF-5 questionnaire, that is, those diag-
nosed with ED. Exclusion criteria were as follows: patients
using nitrates, alpha-adrenergic blockers and beta-blockers;
intolerance to sildenafil; diagnosis of ED of causes other
than vasculogenic etiology such as pelvic surgeries or
trauma and prostate diseases; and report of use of any iPDE-
5 within 30 days prior to inclusion in the study. We also
excluded patients with diabetes and with diagnosis of neu-
rological or psychiatric diseases, heart disease, nephropathy
or decompensated liver disease, and those with thyroid or
pituitary gland disorders.

This is a randomized, double-blind, prospective and
crossover study, where hypertensive patients were treated
with SIL (50 mg twice daily by oral intake) or PLA in two
30-day periods with a 30-day washout between them.
Considering that sildenafil has a terminal half-life of 3–5 h
[17], there is no possibility of a carryover effect with the
washout period used in the present study. The randomiza-
tion was simple, in random block sizes (8–12) and based on
a table of random numbers generated online using OpenEpi
[18] (available on www.OpenEpi.com); the numbers were
blinded from all researchers except for one who encoded the
flasks of treatments and had no contact with the center at
which the study was conducted. Sildenafil and PLA flasks
and capsules were blinded for appearance and color. Before
randomization and after the end of each treatment step, the
hypertensive patients were evaluated through anamnesis,
physical examination, and blood and urine collection.
Erectile function, ABPM, and skin laser-based micro-
vascular flowmetry were also evaluated in all steps of the
study. The flow chart of inclusion of participants is
described in Supplementary Table 1.

The primary outcome of the present study was penile
endothelial-dependent microvascular vasodilation after a
chronic sildenafil treatment, which was analyzed using
multiple microvascular parameters (related parameters),
including cutaneous vascular conductance (CVC), area
under the curve, and maximum vasodilation during skin
iontophoresis of acetylcholine. The secondary and related
outcomes of the study were the effects of a chronic silde-
nafil treatment on arterial pressure (office blood pressure
and ambulatory blood pressure measurements) and erectile
function (evaluated using the Simplified International Index

V. Verri et al.

http://plataformabrasil.saude.gov.br
http://plataformabrasil.saude.gov.br
http://clinicaltrials.gov
http://clinicaltrials.gov
http://www.OpenEpi.com


of Erectile Function (IIEF-5) and the Sexual Encounter
Profile, as described below).

Evaluation of erectile function

To evaluate erectile function, the IIEF-5 was used [19, 20].
ED was diagnosed when the IIEF-5 score was ≤21. The
patients also responded to sexual encounter profile question 3
(SEP3 question), as described previously [21]. SEP3 consists
of a direct question about the quality of the patient’s erection,
that is, if “the quality of the erection was enough to complete
the sexual intercourse in a satisfactory manner.” These eva-
luations of erectile function were performed in each step of
the treatment for prospective comparison.

Evaluation of blood pressure

The blood pressure measurements were obtained with a
validated and calibrated automatic sphygmomanometer
(Omron M7, Omron Healthcare, Hoofddorp, The Nether-
lands) using the recommendations of the 7th Brazilian
guidelines for arterial hypertension [22]. After 5 min of rest in
the supine position, blood pressure measurements were taken
in both arms and the arm with the highest arterial pressure
value was considered for later evaluations. Then, the ortho-
static blood pressure was evaluated and finally three new
measurements were performed, with the patient sitting, with a
1-min interval between them, in the selected arm. The mean
of the last two measures was considered for further analysis.

The assessment of 24-h blood pressure values was per-
formed by ABPM using Spacelabs model 90121(Spacelabs
Healthcare, St Snoqualmie, WA 98065, USA).

Evaluation of systemic and penile microcirculatory
flow and reactivity

The microcirculatory tests were performed in an undis-
turbed quiet room with a defined stable temperature (23 ±
1 °C) after a 20-min rest period in the supine position. The
room temperature was monitored and adjusted if necessary,
using air conditioning, as the outside temperature was
usually >25 °C. Skin iontophoresis was first performed on
the forearm and after on the penis, ~15 min after the forearm
procedure because it was technically impossible to perform
both procedures simultaneously.

Microvascular reactivity was evaluated using an LSCI
system with a laser wavelength of 785 nm (PeriCam PSI
system, Perimed, Järfälla, Sweden), which enabled us to
perform noninvasive and continuous measurements of
cutaneous microvascular perfusion changes, which were
measured in arbitrary perfusion units, APU. The images
were analyzed using the indicated software (PIMSoft,
Perimed, Järfälla, Sweden).

High-frame-rate LSCI is a recently marketed noncontact
technique based on the analysis of the variations in speckle
contrast, which allows measurements of fast changes in skin
microvascular blood flow over wide skin areas, with very
good interday reproducibility [23]. In fact, LSCI measures
skin perfusion over wide areas (up to 100 cm2) with a high
frequency (up to 100 images/s). LSCI thus presents the
advantages of good temporal and spatial resolutions [24].

One skin site on the ventral surface of the forearm was
randomly chosen for the recordings. Hair, broken skin,
areas of skin pigmentation and visible veins were avoided,
and two drug-delivery electrodes were installed using
adhesive disks (LI 611, Perimed, Järfälla, Sweden). The
following two measurement areas were identified: a mea-
surement area within the electrode (ACh) and another
measurement area (baseline control) adjacent to the elec-
trode. A vacuum cushion (AB Germa, Kristianstad, Swe-
den) was used to minimize recording artifacts generated by
arm movements. ACh 2% w/v (Sigma Chemical CO, St.
Louis, USA) iontophoresis was performed using a micro-
pharmacology system (PF 751 PeriIont USB Power Supply,
Perimed, Sweden) using increasing anodal currents of 30,
60, 90, 120, 150, and 180 μA, which were administered for
10-s intervals spaced 1 min apart. The total charges for the
above currents were 0.3, 0.6, 0.9, 1.2, 1.5, and 1.8 mC,
respectively. The dispersive electrode was attached ~15 cm
from the electrophoresis chamber. The pharmacological test
results were expressed as peak values representing the
maximal vasodilation observed after the highest ACh dose.
Skin blood flow measurements in APU were divided by
mean arterial pressure values to yield CVC in APU/mmHg.

Finally, to evaluate penile skin microcirculation, the
electrode was positioned on the base of the penis to perform
iontophoretic ACh delivery, as described above and in
previous works [15, 16]. In this case, the dispersive elec-
trode was attached to the thigh of each research subject. We
used a fenestrated drape with a round opening in the center
to lessen the effects of movement on the penile micro-
vascular blood flow recordings. The penis was introduced
through the opening of the drape and fixed to the drape
using medical pressure-sensitive adhesive tape (Henkel
Adhesive North America, Scottsdale, AZ, USA). This tape
features a hypoallergenic adhesive that is designed to hold
firmly to the skin and dressing materials but can be easily
removed without damaging the skin. The recordings of
penile microvascular flow were always performed on the
flaccid penis.

Statistical analysis

The prospective analysis of statistical power was based on
previous study data from our research group, using the
microvascular flowmetry technique described above [16]. In
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that study, we observed a 30% increase (0.18 APU/mmHg)
in penile microvascular conductance induced by cutaneous
acetylcholine iontophoresis after a single dose of 100 mg
sildenafil, from 0.59 to 0.77 APU/mmHg. Assuming that in
the PLA group there will be no variation in measurements,
then the expected difference between the increments will be
30% (based on within subject measurements), which is
consistent with the design of the current crossover study.
Consequently, using a statistical power of 80% at sig-
nificance level of 5%, and an effect size of ~0.62 (pre-
dictable difference of 0.18 APU/mmHg using a standard
deviation of 0.29 APU/mmHg), the sample size was of 23
patients for each arm of the study, with the total of 46
patients.

The results are presented as the mean ± SD. Variables
without a Gaussian distribution, which was determined with
the Shapiro–Wilk normality test, are presented as the
median (25th–75th percentile). Comparisons of parameters
obtained in single measurements before and after treatment
with PLA or sildenafil were performed using two-way
ANOVA followed by multiple comparisons (Sidak’s mul-
tiple comparisons test), where we considered the interac-
tions of time (pre- and post-treatment) and treatment (PLA
or sildenafil). Statistical analyses of values obtained with
repeated measurements (effects of increasing currents of
Ach iontophoresis on vascular conductance) were per-
formed using one-way ANOVA for repeated measures

followed by Tukey’s multiple comparisons test. The effect
size calculation was performed according to Cohen’s d [25]
and considered as small (0.20), medium (0.50), or large
(>0.80) effect. P values < 0.05 were considered statistically
significant. The statistical package used for the statistical
analyses is Prism version 7.0 (GraphPad Software Inc., La
Jolla, CA, USA).

Results

Clinical characteristics of the study subjects

The clinical characteristics of the hypertensive patients (n=
50) are presented in Table 1. The values of the IIEF-5 score
[18 (16–20)] were inferior to 21 and, thus, characterized
ED. Supplementary Table 2 depicts the antihypertensive
treatment of the patients during the study period. Most
hypertensive patients were taking renin-angiotensin system
blockers (88%), including angiotensin receptor blockers or
angiotensin converting enzyme inhibitors; calcium channel
blockers were used by 52% of the patients, diuretics by 48%
and peripheral vasodilators by 6%. Patients who were tak-
ing alpha-blockers and beta-blockers were excluded from
the study. The mean number of antihypertensive drugs used
per patient was 1.9. Thirty-two percent of the hypertensive
patients were under treatment with statins. Supplementary
Table 3 describes the main side effects observed during
PLA or sildenafil treatments.

Effects of sildenafil on erectile function

Data on erectile function, which was considered as a sec-
ondary outcome of the study, are depicted in Fig. 1. The
score of the IIEF-5 significantly increased after 1 month of
sildenafil oral treatment from [18 (16–20)] before vs. [21.5
(20–23)] after treatment (P < 0.0001; Fig. 1a). Likewise, the
number of patients responding “yes” to SEP-3 also
increased significantly from 66 to 98% after sildenafil
treatment (P < 0.0001; Fig. 1b). Treatment with PLA did
not induce any significant effect on erectile function
(Fig. 1a, b).

We also compared IIEF-5 scores between patients who
were being treated with diuretics (n= 24) or not (n= 26).
IIEF-5 scores were not different between patients treated
with diuretics [17 (15–19)] and patients not treated with
diuretics [17.5 (14.5–20); P= 0.85]. Then, we evaluated
each group before and after SIL or PLA treatment. In the
group of patients who were not treated with diuretics, IIEF-
5 scores before and after PLA were of 18 (15.25–20.25) and
19.5 (17.75–22), respectively (P= 0.20) and IIEF-5 scores
before and after SIL treatment were of 18 (16–20.25) and 22
(19.75–24) respectively (P= 0.0001). In the group of

Table 1 Clinical characteristics of the hypertensive patients (n= 50).

Age (years) 57.4 ± 5.6

Body weight (kg) 85.8 ± 13.5

Body mass index (kg/m²) 29.0 ± 4.2

Waist circumference (cm) 100.2 ± 10.4

Fasting glucose (mg/dL) 99.1 ± 1.4

Glycated hemoglobin (%) 5.6 ± 0.4

Fasting insulin (μUI/mL) 9.9 (6.5–15.5)

HOMA-IR 2.3 (1.5–3.5)

Total cholesterol (mg/dL) 196.5 ± 3.6

LDL-Cholesterol (mg/dL) 122.8 ± 33.9

HDL-Cholesterol (mg/dL) 40.0 (35.0–45.0)

Triglycerides (mg/dL) 155.0 (116.8–204.8)

Creatinine (mg/dL) 0.9 (0.8–1.1)

Uric acid (mg/dL) 6.1 ± 1.3

Microalbumin (mg/L) 9.0 (5.0–17.9)

hs-CRP 0.22 (0.1–0.4)

IIEF (score) 18(16–20)

The results are presented as the mean ± SD. Values that did not follow
a Gaussian distribution are presented as medians (25th–75th
percentiles)(Shapiro–Wilk normality test).

HOMA-IR homeostatic model assessment of insulin resistance, hs-CRP
high-sensitivity C-reactive protein, IIEF international index of erectile
function.
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patients treated with diuretics, IIEF-5 scores before and
after PLA were of 17 (14.25–19) and 17.5 (14.25–18.75)
respectively (P= 0.94) and before and after SIL treatment
were of 17.5 (16–19.75) and 21 (19.25–22) respectively
(P= 0.002).

Evaluation of skin microvascular flow and reactivity

Penile and systemic microvascular flow and reactivity

As expected, treatment with PLA did not induce any effect
on penile microvascular reactivity of hypertensive patients
(Fig. 2a and 3). On the other hand, SIL treatment induced
significant increases in penile microvascular vasodilation
induced by skin ACh iontophoresis (Figs. 2 and 3, Table 2),
which was the primary outcome of the study. The effect
sizes are reported on Table 2 and considered to be situated

in the medium range. Figure 2b illustrates the effects of
increasing currents of iontophoresis of ACh on penile
endothelial-dependent microvascular reactivity, showing
that vasodilation was significantly higher throughout the
entire dose–response curve after SIL treatment, when
compared with values obtained before treatment (baseline
values). On the other hand, treatment with PLA did not
induce any change in penile microvascular reactivity, when
compared with values obtained before treatment (baseline
values, Fig. 2a).

The vasodilator effects of SIL treatment in penile
microvascular reactivity of hypertensive patients were also
demonstrated by the increase in single measurements of
penile basal microvascular flow from [0.39 (0.32–0.46)] to
[0.44 (0.36–0.54)] APU/mmHg, (P= 0.002; Fig. 3a) and by

Fig. 1 Effects of sildenafil on erectile function. Effects of the chronic
treatment with sildenafil (SIL) or placebo (PLA) on the scores of the
International Index of Erectile Function (IIEF) (a) and on the number
of patients responding “yes” to the Sexual Encounter Profile question 3
(SEP-3) (b) of hypertensive patients (n= 50). The results are shown as
the median (25th–75th percentiles) for the IIEF and as the number of
patients (N) for SEP-3. Statistical analyses of the IIEF data were
performed using two-way ANOVA followed by multiple comparisons
(Sidak’s multiple comparisons test), where we considered the inter-
actions of time (pre- and post-treatment) and treatment (placebo or
sildenafil). Statistical analyses of the SEP-3 data were performed using
Fisher’s exact test. PRE pretreatment, POST posttreatment.

Fig. 2 Effects of increasing doses of acetylcholine iontophoresis on
the cutaneous microvascular conductance of penile skin of the
hypertensive patients (n= 50), expressed in arbitrary perfusion
units (APU) divided by mean arterial pressure in mmHg, repre-
senting endothelium-dependent microvascular vasodilation before
(PRE) and after (POST) chronic treatment with sildenafil (SIL) or
placebo (PLA). The values are expressed as medians (95% CI). *P <
0.05, **P < 0.01, ***P < 0.001 and ****P < 0.0001 versus basal
values. ##P < 0.01 and ##P < 0.001 versus PRE-SIL. Statistical analyses
were performed using one way ANOVA for repeated measures fol-
lowed by Tukey’s multiple comparisons test.

Effects of chronic type 5 phosphodiesterase inhibition on penile microvascular reactivity in. . .



a significant increase in single measurements of maximal
endothelial-dependent peak response to skin iontophoresis
of ACh from [0.49 (0.34–0.63)] to [0.61 (0.46–0.88)] APU/
mmHg, (P= 0.006; Fig. 3b). Finally, the single measure-
ments of the area under the curve of microvascular vaso-
dilation induced by ACh was also significantly increased
from [23,301 (15,686–27,189)] to 26,706 ± 9387 APU/s, (P
= 0.02; Fig. 3c). During the PLA treatment, no significant
differences were observed in any of the abovementioned
microvascular parameters (Fig. 3a–c).

The effects of PLA and SIL treatments on systemic
microvascular reactivity, which were considered as a

secondary outcome of the study, are depicted in Table 3.
There were no statistically significant differences in sys-
temic microvascular vasodilation during treatment with
PLA or SIL. The effect sizes are reported on Table 3 and
considered to be not relevant.

Effects of sildenafil on arterial blood pressure

Effects of chronic sildenafil treatment on arterial pressure
were considered as a secondary outcome of the study. Sil-
denafil treatment induced significant reductions of the office
systolic blood pressure from 137.1 ± 12.7 to 132.1 ±
15.8 mmHg (P= 0.02; Fig. 4a) and diastolic blood pressure
from 86.8 ± 7.5 to 81.4 ± 9.4 mmHg (P < 0.0001; Fig. 4b).
Treatment with PLA did not modify neither systolic (P=
0.39) nor diastolic (P= 0.79) office blood pressures
(Fig. 4a, b). Figure 5 shows the effects of the 30-period
treatments with SIL or PLA on blood pressure evaluated
using ABPM. Treatment with PLA or SIL did not modify
ABPM results concerning systolic blood pressure (Fig. 5a,
c, e). On the other hand, 24-h (83.5 ± 8.9 vs. 79.9 ±
8.2 mmHg, P= 0.0002; Fig. 5b), daytime (85.5 ± 9.6 vs.
85.4 ± 8.5 mmHg, P= 0.002; Fig. 5d) and nighttime
(73.2 ± 9.7 vs. 69.4 ± 8.9 mmHg, P= 0.001; Fig. 5f) dia-
stolic blood pressure values were significantly reduced after
sildenafil treatment. Treatment with PLA did not modify
24-h (P= 0.51; Fig. 5b), daytime (P= 0.47; Fig. 5d) or
nighttime (P= 0.99; Fig. 5f) diastolic blood pressure
values. It is important to note that effects of SIL on arterial
pressure are considered as secondary outcomes of the study.

Discussion

Safety and tolerability of iPDE-5 in patients with cardio-
vascular diseases, including primary arterial hypertension,
is well documented in the literature [7–9]. Likewise, it has
been shown that the chronic use of iPDE-5 improves the
erectile function of patients with vasculogenic ED [11].
Nevertheless, to the best of our knowledge, the present
study is the first one that evaluated penile microvascular
endothelial function before and after continuous use of
iPDE-5 in hypertensive patients.

The assessment of penile endothelial function is relevant
not only in the diagnosis but also for the follow up of the
treatment of vasculogenic ED. The present study demon-
strates that overall penile microvascular vasodilatory
response was clearly improved after 30-day use of SIL,
compared with PLA administration. This is further made
evident by the significant increase in the area under the
curve of endothelium-dependent microvascular vasodilation
induced by acetylcholine skin iontophoresis. Moreover,
basal and maximum microvascular penile blood flow, are

Fig. 3 Effects of the chronic treatment with sildenafil (SIL) or
placebo (PLA) on single measurements of the penile microvascular
reactivity of hypertensive patients with erectile dysfunction (n=
50). a Baseline cutaneous microvascular conductance (CVC); b Peak
effects of cutaneous acetylcholine iontophoresis on penile CVC; c area
under the curve of microvascular vasodilation induced by skin penile
acetylcholine iontophoresis. CVC is expressed as arbitrary perfusion
units (APU) divided by mean arterial pressure, in mmHg. The results
are shown as the median (25th–75th percentiles). Statistical analyses
were performed using two-way ANOVA followed by multiple com-
parisons (Sidak’s multiple comparisons test), where we considered the
interactions of time (pre- and post-treatment) and treatment (placebo or
sildenafil). PRE pretreatment; POST posttreatment.

V. Verri et al.



markedly increased by SIL treatment. Thus, in addition to
the increase in penile microvascular flow, SIL treatment
improves penile endothelium-dependent microvascular
reactivity. In contrast, SIL treatment did not modify sys-
temic microvascular reactivity, as evaluated in the forearm
skin. It has already been demonstrated that the evaluation of
systemic microvascular endothelial function does not reflect
penile endothelial function in patients presenting with ED
[12]. In addition, our results give support for the existence
of a selective penile vascular endothelial dysfunction in men
with ED, despite their similarity in cardiovascular profile
and in systemic hemodynamics with men without ED.

Moreover, the inhibition of PDE-5, an enzyme considered
to be specific for the vascular smooth muscle of the penis
[26], is known to increase nitric oxide (NO) bioavailability
in the penis and its supplying vasculature, resulting in
vasodilation and increased blood flow [7]. Another
hypothesis that could explain the dissimilar response of the
penile vascular endothelium in relation to the systemic
circulation, is that the sensitivity to NO differs between
these vascular beds. Even though NO plays an important
role in the regulation of basal blood flow of the systemic
circulation [27], basal production of NO is low in the penile
endothelium, since it is not relevant for maintaining the

Table 2 Effects of the chronic
treatment with sildenafil (SIL) or
placebo (PLA) on the penile
microvascular reactivity (skin
acetylcholine iontophoresis) of
hypertensive patients with
erectile dysfunction (n= 50).

Parameters PLA-PRE 95 % CI of mean PLA-POST 95 % CI of mean P value Size effect

Baseline CVC
(APU/mmHg)

0.41 ± 0.13 0.37–0.44 0.41 ± 0.13 0.37–0.45 0.99 0.

Peak CVC (APU/
mmHg)

0.59 ± 0.25 0.52–0.66 0.62 ± 0.32 0.53–0.71 0.69 0.07

AUC (APU/s) 24,880 ±
8,769

22,388–27,372 25,139 ±
9,486

22,443–27,835 0.98 0.03

Parameters SIL-PRE 95 % CI of Mean SIL-POST 95 % CI of Mean P Value Size Effect

Baseline CVC
(APU/mmHg)

0.39 ± 0.14 0.35–0.43 0.47 ± 0.19 0.41–0.52 0.002 0.48

Peak CVC
(APU/mmHg)

0.57 ± 0.30 0.48–0.66 0.68 ± 0.29 0.60–0.76 0.006 0.37

AUC (APU/s) 23,265 ±
10,497

20,281–26,248 26,706 ±
9,387

24,038–29,374 0.02 0.35

The results are presented as mean ± SD. Statistical analyses were performed using two-way ANOVA
followed by multiple comparisons (Sidak’s multiple comparisons test), where we considered the interactions
of time (pre- and post-treatment) and treatment (placebo or sildenafil).

AUC area under the curve, CVC cutaneous microvascular conductance expressed as arbitrary perfusion units
(APU) divided by mean arterial pressure, in mmHg, PRE pretreatment, POST posttreatment

Table 3 Effects of the chronic
treatment with sildenafil (SIL) or
placebo (PLA) on the systemic
microvascular reactivity (skin
forearm acetylcholine
iontophoresis) of hypertensive
patients with erectile
dysfunction (n= 50).

Parameters PLA-PRE 95 % CI of mean PLA-POST 95 % CI of mean P value Size effect

Baseline CVC
(APU/mmHg)

0.25 ± 0.08 0.23–0.27 0.25 ± 0.08 0.23–0.28 0.93 0.

Peak CVC (APU/
mmHg)

0.48 ± 0.18 0.43–0.53 0.46 ± 0.17 0.41–0.51 0.64 0.11

AUC (APU/s) 18,877 ±
5,983

17,176–20,577 17,610 ±
5,703

15,989–19,231 0.27 0.22

Parameters SIL-PRE 95 % CI of mean SIL-POST 95 % CI of mean P value Size effect

Baseline CVC
(APU/mmHg)

0.25 ± 0.08 0.23–0.27 0.26 ± 0.10 0.24–0.29 0.37 0.11

Peak CVC (APU/
mmHg)

0.48 ± 0.18 0.43–0.53 0.44 ± 0.18 0.39–0.49 0.18 0.22

AUC (APU/s) 18,585 ±
5,874

16,916–20,254 16,887 ±
6,250

15,092–18,683 0.08 0.28

The results are presented as mean ± SD. Statistical analyses were performed using two-way ANOVA
followed by multiple comparisons (Sidak’s multiple comparisons test), where we considered the interactions
of time (pre- and post-treatment) and treatment (placebo or sildenafil).

AUC area under the curve, CVC cutaneous microvascular conductance expressed as arbitrary perfusion units
(APU) divided by mean arterial pressure, in mmHg, PRE pretreatment, POST posttreatment
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basic tonus of this organ [28]. However, in response to
sildenafil, after sexual stimulation, an expressive acute
release of NO may occur in the cavernous body [29]. Thus,
it would be likely that in basal conditions, NO could
decrease the expression of endothelial NO synthase in a
negative feedback loop in penile circulation [30], in a
way that a vascular bed that is exposed to NO only inter-
mittently, like the cavernous body, could have an increased
response of NO release during sexual stimulation in the
course of chronic treatment with sildenafil. Finally,
using venoocclusive strain gauge plethysmography, Vardi
et al. [13] had already shown that a chronic treatment
with SIL (1-month 50 mg daily) improves penile, but not
systemic endothelial function, compared with a PLA
treatment.

Regarding the effects of SIL treatment on blood pressure,
the present study showed that both systolic and diastolic
office blood pressure values were significantly reduced after
1-month treatment, while treatment with PLA had no sig-
nificant effects. Moreover, the analysis of the ambulatory

blood pressure monitoring (ABPM) recordings showed
significant reductions of diastolic, but not systolic, 24-h,
daytime and nighttime values after SIL chronic treatment.
Treatment with PLA did not induce any significant effect on
blood pressure measure using ABPM. Thus, it is con-
ceivable that the continuous use of iPDE-5 in hypertensive
patients with ED might act synergistically with anti-
hypertensive drugs, contributing to a better control of blood
pressure, while improving erectile function. In the present
study, the blood pressure reduction after chronic use of SIL,
as recorded by ABPM, was lower than the values described
in previous trials where the acute effects of SIL were
evaluated (one hour after a single dose, for instance)
[31, 32]. However, as it has been well documented in the
literature, it is important to note that even a small reduction
on blood pressure would be able to promote significant
reductions in cardiovascular risk [33, 34].

As expected, erectile function was clearly improved after
treatment with SIL, as evaluated by both the IIEF-5 ques-
tionnaire and SEP3 response. IIEF-5 is a simplified version
of the IIEF questionnaire, consisting of only five items,
which has been shown to be a practical tool for the diag-
nosis and classification of ED [20]. Median IIEF-5 score
before SIL treatment was of 18, thus characterizing ED
(scores ≤ 21), while after 1-month SIL treatment the median
score improved to 21.5. At this point, it is important to
mention the documented existence of an association
between ED and coronary artery disease (CAD) [35–38]. In
fact, mild to severe ED in hypertensive patients, as mea-
sured by the IIEF-5 index, is independently associated with
CAD [39]. Chronic treatment with SIL also markedly
increased SEP3 positive responses from 66 to 98%, indi-
cating that virtually all hypertensive patients obtained suc-
cessful sexual intercourse after SIL treatment.

In the present study, most hypertensive patients were
being treated with antihypertensive drugs that supposedly
do not interfere with erectile function (calcium channel
blockers, 52% of patients) [40] or that improve endothelial
function and, almost certainly, erectile function (angiotensin
II receptor blockers, 66% of patients, and angiotensin-
converting enzyme inhibitors, 22% of patients) [41, 42].
Patients receiving β-blockers were excluded from the study,
because antihypertensive drugs blocking the sympathetic
nervous system, including β-blockers, have been frequently
linked to ED [42, 43]. In fact, several studies suggest that
using diuretics and β-blockers other than nebivolol [44]
commonly results in ED in hypertensive men [45, 46]. It is
also worth mentioning that, in the present study, 48% of the
patients were being treated with diuretics for medical rea-
sons. Nevertheless, in the subgroup of patients treated with
diuretics, IIEF-5 scores were equivalent to those measured
in the group of patients treated with diuretics. Thus, it is
reasonable to conclude that antihypertensive drugs,

Fig. 4 Effects of the chronic treatment with sildenafil (SIL) or
placebo (PLA) on the blood pressure of hypertensive patients (n=
50). a Office systolic blood pressure (SBP) and b Office diastolic
blood pressure (DBP). The results are shown as the mean ± SD. Sta-
tistical analyses of the office blood pressure data were performed using
two-way ANOVA followed by multiple comparisons (Sidak’s multiple
comparisons test), where we considered the interactions of time (pre-
and post-treatment) and treatment (placebo or sildenafil). PRE pre-
treatment, POST posttreatment.
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including diuretics, used to treat hypertensive patients in our
study, had no influence on erectile function.

In the present study, 36% of the patients did not present
any undesirable effect during SIL treatment, against 88% in
the PLA group. The most common side effect was headache
(46%), followed by stuffy nose (18%), skin flushing (14%)
and muscle pain (14%). In most cases, the side effects were
transient and did not require medical treatment. While the
first three side effects are clearly related to the vasodilator
properties of SIL, muscle pain has been related to the
inhibition of type 11 PDE [47].

In conclusion, the main findings of this study are as
follows: (i) Penile endothelium-dependent microvascular
reactivity and erectile function improved after daily use of
sildenafil in hypertensive patients with ED; this was the
primary endpoint of the study; (ii) Concerning the second-
ary outcomes of the study, the treatment also reduced blood
pressure, suggesting that, in addition to improving erectile
function, treatment with sildenafil could improve blood
pressure control; (iii) Laser-based methods may well be
valuable noninvasive tools for the evaluation of penile
microvascular responses to drug treatment in patients pre-
senting with cardiovascular diseases.

Summary table

What is known about topic

● Erectile dysfunction (ED) is a health problem
with high prevalence that is related to endothelial
dysfunction

● Sildenafil is effective and safe in the treatment of
vasculogenic ED, including hypertensive patients

● Laser-based methods are valuable noninvasive tools for
the evaluation of penile microvascular function

What this study adds

● Penile microvascular baseline flow improves after 1-
month twice-daily use of sildenafil in hypertensive
patients with ED

● Penile endothelial-dependent microvascular reactivity
also improves with sildenafil treatment

● Besides improving erectile function, sildenafil
also reduces arterial blood pressure in hypertensive
patients

Fig. 5 Effects of the chronic
treatment with sildenafil (SIL)
or placebo (PLA) on the blood
pressure evaluated using
ambulatory blood pressure
monitoring (ABPM) of
hypertensive patients (n= 50).
a 24-h ABPM systolic blood
pressure (SBP); b 24-h ABPM
diastolic blood pressure (DBP);
c Daytime ABPM SBP; d
Daytime ABPM DBP; e
Nighttime ABPM SBP and f
Nighttime ABPM DBP. The
results are shown as the mean ±
SD. Statistical analyses of the
office blood pressure data were
performed using two-way
ANOVA followed by multiple
comparisons (Sidak’s multiple
comparisons test), where we
considered the interactions of
time (pre- and post-treatment)
and treatment (placebo or
sildenafil). PRE pretreatment,
POST posttreatment.
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