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1 | INTRODUCTION

Erectile dysfunction (ED) is defined as a consistent or recurrent in-
ability to attain or sustain an erection that is required for successful
vaginal intercourse.! ED is a common condition that affects the qual-
ity of life of a male patient with his partner. There are complex neu-
rovascular mechanisms underlying normal erectile function. These
include neurochemical stimulation and end-organ responses (vascu-
lature and penile body), required for erection initiation and mainte-
nance. Herein, we reviewed literature on the relationship between
ED and hypertension and further focused on the recent develop-
ment of applying pelvic computed tomography angiography (CTA)
and endovascular therapy for diagnosis and management of pelvic
arterial insufficiency-related ED.

2 | EPIDEMIOLOGY AND ETIOLOGY

In general, ED is prevalent in more than 50% of men aged between 45
and 75 years. Currently, more than 150 million people globally have ED,
and this number is predicted to increase to 322 million by the year 2025.2
A survey of 1150 men aged 50-80 years from five Asian countries (Hong
Kong, Malaysia, Philippines, Singapore, and Thailand) showed the preva-
lence of ED being 63%.° Other studies also showed that the prevalence
of ED was above 40% in Asian men aged over 40 years.**

The first step of disease management is to identify the under-
lying etiology, including vasculogenic, endocrinologic, neurologic,
drug-related, psychologic, or mixed causes as well as end-organ dis-
ease. Levels of testosterone and other related hormones (prolactin,
follicular-stimulating hormone, luteinizing hormone, estrogen, etc)
and penile Doppler examination may aid in the differential diagnosis
of ED.” Recurrent ulcers and/or gangrene at glans penis indicate the
presence of severe pelvic arterial occlusive disease.? Yet the major-
ity of patients with pelvic arterial insufficiency-related ED do not
develop recognizable changes in the morphology of penis.

Erectile dysfunction severity can be objectively measured
using the International Index of Erectile Function 5 (IIEF-5) ques-
tionnaire or complete IIEF.? The validated IIEF-5 questionnaire

effective in alleviating sexual dysfunction, yet a substantial number of patients still de-
velop ED. Given the established applicability of angioplasty for the entire iliac-puden-
dal-penile arterial system, penile duplex ultrasound, and pelvic computed tomography
angiography could be considered as the routine screening tools in ED patients with
poor response to phosphodiesterase-5 inhibitors. Endovascular therapy for pelvic arte-
rial insufficiency-related ED has been shown to be a safe and effective treatment option
in patients who have anatomically suitable vessels and functionally significant stenoses.
Clinical improvement was achieved in over 60% of patients at one year following pelvic
angioplasty in the PERFECT registry from Taiwan. A 30%-40% restenosis rate in distal
internal pudendal and penile arteries remains a hurdle. Angioplasty for pelvic arterial

occlusive disease could be considered as a viable approach to arteriogenic ED.

evaluates self-reported indicators of male sexual function, en-
compassing erectile strength, orgasm, desire, satisfaction with
intercourse, and overall satisfaction. In clinical trial settings, a dif-
ference in the IIEF-5 score of 2 4 is considered a minimal clinically
important difference.”

Vasculogenic causes of ED include endothelial dysfunction in-
volving impaired smooth muscle relaxation, arterial insufficiency
resulting from proximal atherosclerotic stenosis, or venous leak
causing inability to trap blood in the corpus cavernosa. Arterial in-
sufficiency is the predominant cause of ED in men over 50 years of
age. Stenosis in any segment of the iliac-pudendal-penile arterial
system, which is considered an erectile-related arterial axis, could
lead to ED. Previous angiographic studies, including a total of 629
patients (mostly Caucasians) with ED, revealed that approximately
75% of arterial stenoses were located in the common penile and
internal pudendal arteries.'%! Since 2012, we developed the pel-
vic CTA reconstruction program. Based on this reconstruction pro-
gram, we can diagnose pelvic arterial stenosis non—invasively.12 We
divided the iliac-pudendal-penile arterial system into the following
8 segments in reconstructed pelvic CTA (Figure 1 and Table 1): zone
1, common iliac artery; zone 2, internal iliac artery; zone 3, ante-
rior division of the internal iliac artery; zone 4A, proximal internal
pudendal artery (from the origin of the internal pudendal artery to
the 90-degree turn close to the ischial spine at lateral projection);
zone 4B, distal internal pudendal artery (from the 90-degree turn
to the origin of the perineal scrotal artery); zone 5A, common pe-
nile artery; zone 5B, dorsal penile artery and cavernosal artery; and
zone 6, accessory pudendal artery (any artery anastomosed with
the common penile artery or its branches). With this nomenclature
system, the researchers and interventionists can communicate eas-
ily in this novel field for endovascular therapy. Among more than
1500 patients with ED screened by non-invasive multi-detector
pelvic CTA in Taiwan, we found that an almost identical 75% of
atherosclerotic stenoses were located in the common penile and
internal pudendal arteries in patients with ED.*® These findings
demonstrate that the distributions of pelvic arterial stenotic lesions
in patients with ED were similar between Asian and Caucasian
populations.
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FIGURE 1 The 8-zone segmentation scheme of the iliac-pudendal-penile arterial system shown in reconstructed pelvic computed

tomography angiography

TABLE 1 The 8-zone segmentation
scheme of the iliac-pudendal-penile
arterial system

Zone

Zone 2: Internal iliac artery

Zone 3: Anterior division of internal iliac artery
Zone 4A: Proximal internal pudendal artery
Zone 4B: Distal internal pudendal artery

Zone 5A: Common penile artery

Zone 5B: Distal penile arteries

Zone 6: Accessory pudendal artery

Zone 1: Common iliac artery

Vessel diameter (mm)?

9.2+1.2
6.8+1.0
41+11
27+03
23+04
1.8+£0.3
1.3+£0.2
20+04

Note: Values are mean + SD.

Based on data from 284 patients with invasive pelvic angiography.

3 | RISKFACTORS FOR ERECTILE
DYSFUNCTION IN HYPERTENSIVE
PATIENTS

Erectile dysfunction shares several risk factors with hyperten-
sion and cardiovascular diseases, such as aging, obesity, metabolic
syndrome, chronic comorbid conditions, and tobacco use.** Bacon
et al'® stated that exercise was associated with a lower risk of ED,
while obesity, smoking, prolonged hours of sitting (such as watch-
ing television, laptop, or mobile), and presence of chronic comorbidi-
ties were associated with a higher risk. Another study reported that
weight loss and increased exercise improved erectile function in ap-
proximately one-third of obese men with ED.*¢

Erectile dysfunction has also been shown to be a harbinger for
the development of coronary artery disease and adverse cardio-
vascular events.” ED generally precedes the manifestation of cor-
onary artery disease by 3-5 years.18 Interventions including lifestyle
modification and pharmacotherapy, which aim to reduce risk factors

(high blood pressures, high low-density lipoprotein cholesterol, high
hemoglobin Alc, etc), are vital in the management of both ED and

hypertension/cardiovascular health.

4 | RELATIONSHIP BETWEEN ERECTILE
DYSFUNCTION AND HYPERTENSION

The prevalence of ED among hypertensive patients is approxi-
mately double than that among the normotensive population in
both Asian and non-Asian populations.“’19 Previous studies showed
odds ratios in the range of 1.30-2.79 for ED in hypertensive pa-
tients.?’ Nevertheless, ED remains underdiagnosed and under-
treated in hypertensive patients.?* For the first time ever, ED was
included in the 2013 European Society of Hypertension/European
Society of Cardiology Guidelines for the management of arterial
hypertension22 because hypertension can unmask the possibility
of ED.
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Sperling et al®®

revealed that hypertensive patients with con-
trolled blood pressure had a lower prevalence of ED. In contrast,
Doumas et al reported that ED prevalence in untreated hyperten-
sive patients was lower than that in treated hypertensive patients.24
Therefore, it is necessary to review which antihypertensive drugs
are more suitable for patients with ED. Angiotensin |l receptor block-
ers, angiotensin-converting enzyme inhibitors, calcium antagonists,
alpha-adrenergic blockers, and vasodilating beta-blockers have
neutral or even beneficial effects on ED, whereas thiazide diuret-
ics, non-vasodilating beta-blockers, and mineralocorticoid receptor
antagonists are known to exacerbate ED.??

A cross-sectional and observational study conducted among
1007 hypertensive men who were treated with a beta-blocker for
at least 6 months showed an ED prevalence as high as 71%.2° This
effect was higher with first-generation beta-blockers such as pro-
pranolol or second-generation beta-blockers such as atenolol or
metoprolol than with vasodilating third-generation beta-blockers.
Nebivolol is a third-generation beta-blocker that produces periph-
eral vasodilation, blocking alpha-adrenergic receptors, and induc-
ing nitric oxide release. In an open-label, prospective study, which
included hypertensive men who were treated with first- and sec-
ond-generation beta-blockers, 68% patients showed improvement
in erectile function when their treatment was switched to nebivo-
lol.?> Furthermore, mineralocorticoid receptor antagonists, mainly
spironolactone, frequently result in ED and decrease libido. The
association between thiazide diuretics and ED has been widely de-
scribed in studies.

A prospective study, which included 3500 hypertensive men,
was performed to investigate the effect of valsartan on sexual func-
tion measured by the IIEF-5. In previously untreated patients, the
reported ED significantly reduced from 65% to 45% (p < .0001);
whereas patients who were initially treated with other drugs but
then switched to valsartan, the reported ED reduced from 75% to
53%.%

5 | ERECTILE DYSFUNCTION
MANAGEMENT

5.1 | Imaging studies

An intracavernosal injection of a vasodilator with Doppler ultra-
sound imaging is the most commonly used non-invasive diagnostic
tool for vasculogenic ED.?’ This tool can aid in distinguishing arterial
insufficiency and venous leak from other causes of ED.28 However,
this tool does not provide information about the topography and pa-
thology of the entire iliac-pudendal-penile arterial system proximal
to the cavernosal artery. Further, Doppler ultrasound may cause psy-
chological stress resulting from penile injection. Previous studies as-
sessing the diagnostic accuracy of pelvic CTA have shown that CTA
can clearly delineate the anatomic features of the internal pudendal
artery but not the common penile artery, of which the diameter is
often smaller than 2 mm.??%% In our previous study, we extended

the diagnostic capability of multi-detector CTA down to the level
of the common penile artery and its major branches by combining it
with a 64-detector row computed tomography scanner, without in-
tracavernosal injection of a vasodilator. This progress broadens the
clinical application of pelvic CTA as a non-invasive screening tool for
arteriogenic ED.

Pelvic CTA can provide a clear roadmap to guide interventional
therapy and the optimal projection angles for visualizing the lesions,
which greatly reduces the time consumed and the amount of con-
trast material used during an interventional procedure. Another
advantage of CTA is that it can detect calcification or thrombus in
stenotic vascular lesions. It is worth mentioning that there was no
calcification or thrombus in any penile arterial stenotic lesion in our
study.*®3! This finding suggests that the tissue characteristics of all
these lesions were favorable for endovascular therapy.

According to our observation based on pelvic CTA in Asian pop-
ulation (Taiwan) and those based on invasive angiography mainly in
Caucasian populations,®?*® the prevalence of obstructive (diameter
stenosis of 250%) lesions in the iliac-pudendal-penile arterial sys-
tem was generally more than 70% in men with ED aged older than
50 years. With regard to obstructive lesions, 60% were located in
the distal internal pudendal and common penile arteries within the
pelvic floor, with no racial differences. The average diameter of ar-
tery in the iliac-pudendal-penile system varies from 10 mm, for the
common iliac artery, to 1.0 mm, for the cavernosal artery (Table 1).7
Owing to improvement in technology and understanding of pelvic
anatomical characteristics, all these arteries are now accessible for

endovascular therapy.

5.2 | Lifestyle modification

Randomized clinical trials have shown that lifestyle modification
provided clinical benefit for improving ED.%* Smoking cessation,
weight reduction and maintenance, regular physical exercise, mod-
eration of alcohol consumption, and dietary changes are the com-
mon lifestyle modification measures to reduce hypertension, risk of
ED, and risk of hypertension-related cardiovascular complications.
A Mediterranean diet is helpful for patients with ED and hyperten-
sion.®> Moderation of alcohol and salt consumption should also be
recommended.®

5.3 | Pharmacotherapy

The 2018 American Urological Association Erectile Dysfunction
Guidelines recommend a shared decision-making model when clini-
cians discuss treatment options with patients with ED. Most clini-
cians usually select phosphodiesterase-5 (PDE5) inhibitors, as these
drugs increase penile arterial blood flow and improve endothe-
lial function. PDE5 inhibitors are known for their efficacy, ease of
use, and favorable side-effect profile. An important factor associ-
ated with successful PDES5 inhibitor therapy is the instruction and
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counseling on proper use, including the onset of action of the drug
and taking medication on an empty stomach. However, the use of
PDES5 inhibitors is contraindicated in men taking nitrates. PDES5 in-
hibitors should be used cautiously in hypertensive patients receiving
an alpha-adrenergic blocker due to an increased risk of hypotension.

According to previous studies, approximately 50% of ED patients
showed a poor response to PDE5 inhibitors or had a contraindica-
tion to their use. Alternatively, they are instructed to use a vacuum
constriction device, receive an intrapenile injection of prostaglandin,
or undergo implantation of a penile prosthesis.%*37 Endovascular
therapy is still considered an option in the context of clinical studies,
even though the clinical safety and efficacy data of endovascular

therapy for arteriogenic ED is reassuring.

6 | ENDOVASCULAR THERAPY FOR
ARTERIAL INSUFFICIENCY-RELATED ED

A novel minimally invasive approach targeting arterial insufficiency
may provide a treatment option for patients with arteriogenic ED.

The study conducted by us and other investigatorsl3'31'33’38'39

pro-
vides reassuring evidence about the safety and feasibility of endo-
vascular revascularization for obstructive disease in these arteries
(Table 2).

The ZEN trial (Zotarolimus-Eluting Peripheral Stent System for

the Treatment of Erectile Dysfunction in Males with Suboptimal

TABLE 2 Endovascular treatment of erectile dysfunction

Response to PDE5 Inhibitors) evaluated the safety and efficacy of
endovascular therapy in patients with drug-refractory ED and in-
ternal pudendal artery disease. A total of 30 patients (out of 383
subjects screened) with ED were enrolled.®” Procedural success was
100%, with no major adverse events (procedure-related death, per-
ineal hematoma, gangrene or necrosis, or the need for subsequent
perineal, penile, or anal surgery) through 6-month follow-up. The im-
provement in [IEF-5 score of 24 at 6 months, the primary endpoint,
was achieved in 59.3% and 69.6% of patients by intention-to-treat
and per-protocol analyses, respectively. The peak systolic velocity of
the cavernosal arteries as assessed by duplex ultrasound increased,
from baseline, by 14.4 + 10.7 cm/s at 30 days and 22.5 £ 23.7 cm/s at
6 months. Angiographic binary restenosis was reported in 11 (34%)
of 32 lesions at 6 months. The relatively high binary restenosis rate
indicates that unknown aspects are involved in the application of
DES to the pelvic vasculature.

Given the anatomic variations and the degree of diffuse dis-
ease noted in the ZEN trial, our team initiated the pelvic revascu-
larization for arteriogenic erectile dysfunction (PERFECT) program
to explore and establish the role of endovascular therapy for pel-
vic arterial occlusive disease. In the PERFECT-1 study, we used
CTA to assess the safety and feasibility of balloon angioplasty
for isolated penile artery stenoses (unilateral stenosis > 70% or
bilateral stenoses = 50%) in patients with drug-refractory ED.
Twenty-five patients were enrolled, and 20 patients (mean age

61 years; range 48-79 years) underwent balloon angioplasty. Three

Follow-up
Study n Arterial stenosis Technique period Success rate
Castaneda-Zunga 1982 2 Internal iliac PTA 18 months 2/2 (100%)
Van Unnik 1984 1 External iliac PTA N/A 1/1 (100%)
Goldwasser 1985 1 Internal iliac N/A N/A 1/1 (100%)
Dewar 1985 30 70% aorto-iliac PTA N/A 10/33 (33%)
47% internal iliac
Angelini 1985 5 Internal iliac PTA 2-18 months 4/5 (80%)
Valji 1988 3 N/A PTA N/A N/A
Urigo 1994 23 65% internal iliac N/A N/A 15/23 (65%)
13% internal pudendal 3/3 (100%)
Rogers 2011 30 Internal pudendal PTA and DESs 3 months 68.2% had improvement in
IIEF-5 score > 4
Wang 2014 20 59% Common penile PTA 6 months Clinical success®
38% Dorsal penile 12/20 (60%)
3% Cavernosal
Wang 2016 22 73% Common penile PTA 12 months Clinical success®
24% Dorsal penile 11/22 (50%)
3% Cavernosal
Wang 2018 182 19% internal iliac PTA/stents 12 months Any improvement in
47% internal pudendal IIEF-5 score = 4 within 12 months
29% penile/cavernosal 134/182 (74%)
5% accessory pudendal Clinical success?
112/182 (62%)

Abbreviations: IIEF, International Index on Erectile Function; N/A, not available; PTA, percutaneous transluminal balloon angioplasty.

Clinical success was defined as improvement in the IIEF-5 score > 4 or normalization of erectile function (IIEF-5 > 22).
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patients had bilateral penile artery stenoses. Procedural success
was achieved in all 23 penile arteries, with an average balloon
size of 1.6 mm (range 1.00 to 2.25 mm). The average |IEF-5 score
improved from 10.0 £ 5.2 at baseline to 15.2 + 6.7 (p < .001) at
1 month and 15.2 + 6.3 (p < .001) at 6 months. Clinical success
(change in IIEF-5 score > 4 or normalization of erectile function
defined as IIEF-5 > 22) was achieved in 15 (75%), 13 (65%), and 12
(60%) patients at 1, 3, and 6 months, respectively. There were no
major adverse events immediately after the procedure and through
6-month follow-up. Despite the lack of angiographic follow-up or
the use of a control group in this study, we could conclude that
penile artery angioplasty is safe and can show clinically significant
improvement in erectile function in 60% of patients with ED and
isolated penile artery stenosis.™®

In the PERFECT-2 study,31 penile artery balloon angioplasty
not only was proven safe but also achieved sustained improve-
ment in erectile function in 50% of ED patients with isolated
penile artery stenoses 12 months after angioplasty. More than
a third of penile artery lesions (reference vessel diameter 1.0-
2.2 mm) exhibited restenosis on the 8-month CTA. The develop-
ment of restenosis was related to baseline lesion characteristics
including lesion length, minimal lumen diameter, and reference
vessel diameter. It is worthwhile mentioning that there were no
adverse events or clinical worsening throughout the 12-month
follow-up period.

In 2018, we reported results of all 182 patients with ED who
underwent endovascular therapy and CTA follow-up at 8 months in
the PERFECT registry.40 The mean age was 62.6 + 7.9 years (range,
42-83 years) with 334 obstructive segmental lesions (1.8 lesions/
patient) and an average IIEF-5 score of 9.1 + 4.4. One hundred and
twelve (34%) obstructive lesions were treated with stenting in ad-
dition to balloon angioplasty. At 8 months, the CT angiographic
binary restenosis occurred in 102 lesions (102/334, 31%) and 76
patients (76/182, 42%). For lesions located in the proximal inter-
nal pudendal artery and above, binary restenosis rate was 3.5%
(4/113), whereas for lesions located in the distal internal puden-
dal artery and beyond, binary restenosis rate was 44% (98/221).
Sustained clinical success in erectile function was achieved in 62%
of patients at 12 months, with an overall improvement in IIEF-5 of
5.7+4.7 (p <.001). Among patients not developing any binary rest-
enosis, 82% (87/106) achieved sustained clinical success in erectile
function, whereas for those with binary restenosis, 33% (25/76)
achieved sustained improvement in erectile function. There were
no adverse events except two cases with restenosis experiencing
transient worsening of erectile function during follow-up. The low
restenosis rate (<4%) for lesions located in the proximal internal
pudendal and iliac arteries and the above 80% sustained clinical
success rate in patients not developing restenosis are encourag-
ing. However, for lesions located in the distal internal pudendal and
penile arteries, the around 40% restenosis rate remains a hurdle.
Further refinement of intervention strategies, like direct stenting
and use of intravascular imaging, has been evaluated to solve this
unmet need.

7 | CONCLUSIONS

Erectile dysfunction is highly prevalent in patients with hyperten-
sion and leads to reduced quality of life, with no racial differences.
This condition is associated with several modifiable risk factors in-
cluding hypertension, obesity, lack of exercise, metabolic syndrome,
chronic comorbid conditions, and cigarette smoking. ED may be the
initial sign of endothelial dysfunction and subclinical arterial steno-
sis. Pharmacotherapy with lifestyle modification is shown to be ef-
fective in improving and/or restoring sexual function in men, yet a
substantial number of patients remain symptomatic ED. Given the
established applicability of angioplasty for the entire iliac-puden-
dal-penile arterial system, penile duplex ultrasound, and pelvic CTA
could be considered as the routine screening tools in ED patients
with poor response to PDES5 inhibitors. Anatomically suitable ves-
sels and functionally significant stenoses for interventions can be
confirmed by penile duplex ultrasound assessment and pelvic CTA
or invasive angiographic study. Endovascular therapy for arterial
insufficiency-related ED has been shown to be a safe and effective
treatment option in selected patients who have been evaluated by a

multidisciplinary team for all potential causes of ED.
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