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CVOD = corporoveno-occlusive
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DDV = deep dorsal vein
DICC = dynamic infusion
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DM = diabetes mellitus

DPA = dorsal penile artery
DV = dorsal vein

ED = erectile dysfunction
EFD = erectile function domain
F/U = follow-up
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HTN = hypertension

ICI = intracavernosal injection
IEA = inferior epigastric artery
TIEF = International Index of
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MF = maintenance flow

NA = not available
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NSQ = non-standardized
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PAV = para-arterial vein
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without pharmacotherapy
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Abstract: Penile erection implicates arterial inflow, sinusoidal relaxation and
corporoveno-occlusive function. By far the most widely recognized vascular etiologies
responsible for organic erectile dysfunction can be divided into arterial insufficiency,
corporoveno-occlusive  dysfunction or mixed type, with corporoveno-occlusive
dysfunction representing the most common finding. In arteriogenic erectile dysfunction,
corpora cavernosa show lower oxygen tension, leading to a diminished volume of
cavernosal smooth muscle and consequential corporoveno-occlusive dysfunction.
Current studies support the contention that corporoveno-occlusive dysfunction is an
effect rather than the cause of erectile dysfunction. Surgical interventions have consisted
primarily of penile revascularization surgery for arterial insufficiency and penile venous
surgery for corporoveno-occlusive dysfunction, whatever the mechanism. However, the
surgical effectiveness remained debatable and unproven, mostly owing to the lack of
consistent hemodynamic assessment, standardized select patient and validated outcome
measures, as well as various surgical procedures. Penile vascular surgery has been
disclaimed to be the treatment of choice based on the currently available guidelines.
However, reports on penile revascularization surgery support its utility in treating arterial
insufficiency in otherwise healthy patients aged <55 years with erectile dysfunction of
late attributable to arterial occlusive disease. Furthermore, it is noteworthy that penile
venous surgery might be beneficial for selected patients with corporoveno-occlusive
dysfunction, especially with a better understanding of the innovated venous anatomy of
the penis. Penile vascular surgery might remain a viable alternative for the treatment of
erectile dysfunction, and could have found its niche in the possibility of obtaining
spontaneous, unaided and natural erection.

Key words: arterial insufficiency, erectile dysfunction, penile revascularization, veno-
occlusive dysfunction, venous stripping.

Introduction

Management of ED has remained a difficult issue, even with great strides in basic science
and clinical medicine during the past several years. The pathophysiology has been elucidated
with characterized etiologies by anatomical, vascular, neurological, hormonal and systemic
causes, with a psychogenic component to some degree.! Vascular risk factors, encompassing
diabetes, hypertension, dyslipidemia, cardiovascular disease and metabolic syndrome, have
been shown to be predisposed to ED.**

By far the most widely recognized vascular etiologies responsible for organic ED can be
divided into AI, CVOD or mixed type, with CVOD representing the most common finding.*?
It is of paramount importance that penile erection implicates arterial inflow, sinusoidal relax-
ation and corporoveno-occlusive function. In arteriogenic ED, corpora cavernosa show lower
oxygen tension,® leading to a diminished volume of cavernosal smooth muscle and conse-
quential CVOD.” Nevertheless, the inability to trap blood inside corpora cavernosa is also a
salient etiology responsible for ED.® CVOD, also acknowledged as venogenic ED or venous
leakage, accounts for the most appreciable vascular etiology,”'® which was recognized in
85% of men appraised for ED, irrespective of age.'""'> CVOD might be secondary to an
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inadequate impediment of corporoveno-occlusion. Precedent
studies have emphasized that the tunica albuginea played a
pivotal role in corporoveno-occlusion during penile erec-
tion."> Divergent loci and degree of venous leak, occurring
anywhere along the tunica albuginea, have been shown in a
canine model and in ED patients.'*'> Further studies have
suggested that CVOD developed in response to endothelial
dysfunction and impairment of trabecular smooth muscle
owing to multifaceted degenerating processes in most
patients.'® There was a body of evidence ascribing several
factors to CVOD, incorporating arterial disease; congenital
vascular anomalies; alterations in the cavernosal smooth mus-
cle, trabecula or tunica albuginea; trauma; postpriapism; psy-
chogenic factors; and unknown origin. Current studies
support the contention that CVOD is an effect rather than the
cause of ED."”

Surgical interventions have consisted primarily of penile
revascularization surgery for Al and penile venous surgery
for CVOD, whatever the mechanism. Surgical niche relies on
the potentiality of attaining unaided and natural erection of
the penis, even though penile implant has remained the final
alternative.

Penile anatomy

Tunica albuginea, encircling corpora cavernosa, acts as a bi-
layered structure with a complete inner circular layer and an
incomplete outer longitudinal layer spreading over the bul-
bospongiosus and ischiocavernosus proximally, and extending
into the glans penis to fashion the distal ligament (Fig. 1).'®
The inner circular layer is circumferentially uniform with pro-
jection of intracavernous pillars. The fibro-skeleton collabo-
rating with erection-related vasculatures provided full erection
while elicited.'?°

The blood supply of the superficial structure of the penis
depends on branches from the femoral artery, which pro-
vide primary vascularization of the skin and subcutaneous
tissues with the anterior scrotal wall included (Fig. 2). The
vascular supply of the deep structure arises from the inter-
nal pudendal artery, with accessory arteries occasionally
originating from branches of vesical, femoral, obturator and
external iliac arteries. The internal pudendal artery branches
into the common penile, perineal and inferior rectal arter-
ies. The common penile artery ramifies into the dorsal
penile, bulbourethral and cavernosal arteries (Fig. 3). DPA
supplies blood to the tunica albuginea. The vascular sup-
plies of the corpus spongiosum and urethra stem from the
bulbourethral artery to a great extent, sending perforating
tributaries to the corpus cavernosum. Furthermore, caver-
nosal arteries subdivide into a few helicine arteries, con-
tributing to the cavernosal sinusoids. Distally, these three
arteries coalesce to provide collateral blood supply to the
glans penis.

Venous drainage of the penis supervenes primarily
through the superficial and DDVs, set apart by Buck’s fas-
cia. The superficial dorsal vein drains blood from the fore-
skin into saphenous and external pudendal veins, which
contributes insignificantly to penile tumescence. Tradition-
ally, single DDV lying in the median grove is considered to

receive blood from the glans, corpora spongiosum and cor-
pora cavernosa by way of emissary and circumflex veins,
serving as the noticeable fabric involved in channeling
blood with detumescence.*'** With advanced revelation and
better understanding of erection-related veins of the penis, a
DDV, a pair of cavernosal veins, and two pairs of PAVs in
between the Buck’s fascia and tunica albuginea have been
shown to be implicated in erection of the penis (Fig. 4).%
Draining blood from emissary veins, cavernosal veins are
situated between the DDV and DPA, enveloped in a distinct
perivascular sheath, and reside closely on the tunica albug-
inea. The cavernosal veins run alongside each corresponding
corpus cavernosum and course through the entire length of
penis, which might coalesce to one channel at the penile
base and drain into the Santorini’s plexus. PAVs sandwich
each corresponding DPA, coursing along the full penile
length. Unlike medial PAV draining emissary veins from
the respective corpus cavernosum, lateral PAV receives
casual circumflex veins from the corpus spongiosum. Both
the medial and lateral PAVs might channel into the DDV
or the Santorini’s plexus alone at the level of the infrapubic
angle. The proportion for drainage of corpora cavernosa
through DDV, cavernosal veins and PAVs are 60.5% (range
50.3-69.7%), 11.9% (range 5.8-22.9%) and 11.4% (range
5.2-15.0%) on their own.*

Evaluation

With the intention to document the diagnosis of CVOD,
prevailing methods have been DICC*>7 and PDDU?® with
subsequent protocol.>>* One protocol of DICC for diag-
nosis of CVOD was generally adopted. ICP was measured
at baseline and at 2-min intervals for 8-10 min after
administering 60 mg of papaverine intracavernously. During
the infusion phase, the rate of infusion flow was 20 mL/
min increments to provoke an ICP of >150 mmHg. At the
end of the infusion, the time to decrease to baseline pres-
sure was defined as pressure decay or pressure loss. The
rate of infusion flow required to maintain the ICP at
90 mmHg is defined as MF. Subsequently, cavernosogra-
phy is carried out at an ICP of 90 mmHg. The criteria
used to define the CVOD entails MF of >30 mL/min, and
a pressure loss of >40 mmHg/30 s. However, DICC is not
commonly utilized any more in current practice owing to
the paucity of concurrence in diagnostic criteria. To further
assess suspicious Al, angiography is commonly used as a
confirmatory evaluation. Digital subtraction angiography
and computed tomography angiography are minimally inva-
sive, and might act as a feasible substitute for the conven-
tional angiographic procedure.>®  Likewise, —computed
tomography cavernosography could conspicuously raise pre-
cision to recognize veins implicated in CVOD.?> However,
there are significant discrepancies in outcomes between
studies utilizing various methods.>®*” In regard to the diag-
nosis of Al and VOD, hitherto there is no unanimity about
convincing criteria. Despite the anatomical details on
angiography, the outcomes entails judicious interpretation
associated with the functional outcomes acquired from
PDDU and/or DICC.*®

© 2019 The Japanese Urological Association
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Fig. 1 A transverse section in the midportion of
the penis. Tunica albuginea, a bi-layered structure
with a complete inner circular layer and an
incomplete outer longitudinal layer, encircles the
corpora cavernosa. Intracavernous pillars radiate
from the inner circular layer, acting as struts. The
fibro-skeleton collaborating with erection-related
vasculatures provided full erection while elicited.

Intracavernous pillar

Tunica albuginea
Inner circular layer
Outer longitudinal layer

Corpus cavernosum

Penile revascularization surgery

In view of concurrent improvements both in the blood flow
of lower extremities and erectile function after endarterec-
tomy of a blocked aortic bifurcation, Leriche first perceived
an association of Al with ED.* Reduced blood flow into the
penis owing to any arterial lesion, whatever the vascular size,
might be responsible for ED.*> For young patients sustaining
pelvic trauma and long-distance cyclists, ED has occurred in
response to traumatic stenosis of pudendal or cavernous arter-
ies.*"* To cure potentially AL an attempt has been made to

Femoral artery and vein

o7

Cavernosal vein

Dorsal penile artery
Para-arterial vein

Cavernosal artery

Incomplete septum
Bulbourethral vein
Bulbourethral artery

Corpus spongiosum

Urethra

skip the lesions, which block the vascular bed of the
hypogastric-cavernous artery, through an alternative arterial
pathway.

In 1973, Michal et al. first devised a procedure composed
of direct anastomosis of a donor artery to the corpora caver-
nosa.** After that initial launch, penile revascularization, pri-
marily microarterial bypass surgery, has been subjected to a
few refinements. The Michal II technique aimed to increase
inflow with end-to-side anastomosis of both the IEA and a
DPA (Fig. 5).*> The other modifications for Michal’s tech-
niques have been published over the past decades.*®*’

Superficial external pudendal artery

Ventrolateral branch artery

Dorsolateral branch artery

Axial penile artery

Cutaneous branch artery

Preputial artery

Fig. 2 The blood supply of the superficial
structure of the penis depends on branches from
the femoral artery, which provide primary
vascularization of the skin and subcutaneous
tissues.
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Common penile artery
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Crespo et al. reported a technique entailing anastomosis of
the femoral artery to the DPA or cavernous artery with an
interposed autologous saphenous vein graft.*® As for a variant
technique, direct anastomosis of both the IEA and a cav-
emous artery was achieved.*>>* Nevertheless, the attempt to
anastomose IEA to a cavernous artery yielded a low success
rate.’'">? These surgeries dictate the need for control of the
cavernosous artery with dissection of erectile tissue nearby,
usually complicated with fibrosis of the donor artery at the
site passing through the tunica. The approach was eventually

Communicating veins
between cavernosal vein,
deep dorsal vein and para-arterial vein

Lateral and medical
para-arterial veins

Distal ligament

Cavernorsal vein
Circumflex veins of { Deep dorsal vein
Para-arterial vein

Fig. 3 The vascular supply of the deep
structure of the penis arises from the internal
pudendal artery. The common penile artery, one
branch of the internal pudendal artery, further
ramifies into the dorsal penile, bulbourethral and
cavernosal arteries.

abandoned. DePalma proposed to utilize aortoiliac reconstruc-
tion for restoration of erectile function in patients with vascu-
logenic ED.>* By virtue of pudendal canal decompression
through the perineal approach, Shafik announced an improve-
ment rate of 80% in patients sustaining stricture or occlusion
of the distal internal pudendal artery with poor or non-visual-
ization of penile artery.’*

In 1981, Virag et al. initiated the conception of venous
arterializations, and proclaimed the Virag I procedure by
incorporating IEA into anastomosis directly to the DDV

0
Retrocoronal plexus —
‘ " Drainage into
" 0 Santorini’s plexus
Retrocoronal sulcus J !‘
- v
4/ ‘ Crural vein
- / — Y
g
=

Superficial dorsal vein

Cavernosal vein

= Deep dorsal vein

> Drainage from left corpus
into cavernosal vein

Independent drainage
of para-arterial veins

G Drainage into internal
pudendal vein

Bulbourethral vein

Fig. 4 Schematic illustration of the innovative venous anatomy in the human penis. Lateral view. The DDV lies in the median grove, receiving blood from the

glans penis, corpus spongiosum and corpora cavernosa by way of emissary and circumflex veins. A pair of cavernosal veins, and two pairs of PAVs are located in
between the Buck’s fascia and tunica albuginea. PAVs sandwich each corresponding DPA, coursing along the full length of the penis bilaterally. The innovated
venous anatomy of the penis has served as a blueprint for penile venous stripping, and ligation sites (mark “X”) are resorted to on the tunical level.
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without ligation of the proximal vein.>®> Afterwards, Virag
offered modified techniques (Virag II-VI).>*"% The proximal
DDV was ligated in the Virag II procedure. The IEA was
anastomosed to the DDV in an end-to-end fashion in the
Virag III procedure. Integrated into the Virag I, II and III
procedures, a direct shunt was created between the tunica
albuginea of the corpus cavernosum and the DDV in the
Virag IV, V and VI procedures. Based on the basic proce-
dure, many researchers endeavored to propose various tech-
niques. Furlow and Fisher devised an approach to
anastomose the IEA to DDV associated with ligating distal
and proximal DDV to avoid the risk of glanular hyperemia
(Fig. 6).>° Shah et al. advocated a technique, the Parulkar—
Shah antegrade dorsal vein arterialization procedure, which
allows for antegrade arterialization of the dorsal vein with
beneficial impact on blood flow in the direction of preserved
venous valves.®® Adopting the identical principle applied in
the Virag procedure, the distal half of the dorsal vein was
divided after complete mobilization at the level of the coro-
nary sulcus, and flipped for end-to-end anastomosis to the
IEA on the symphysis pubis.

With respect to anastomosis of both the DPA and IEA,
there exists one major obstacle: the discrepancy of lumens
between the two blood vessels, which contributes to reduced
flow rates, and is vulnerable to thrombosis and consequential
occlusion. Hauri advocated “triple anastomosis” that admits a
supplementary arteriovenous shunt with good arterial run-off
and a high flow rate. This procedure is comprised mainly of
direct arterial anastomosis of IEA to DPA, and incorporation

Externaliliac artery and vein

Inferior epigastric artery

Dorsal penile artery

Fig. 5 Anastomosis of the IEA to dorsal penile arteries in an end-to-side
fashion (Michal Il procedure, true revascularization).
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of DDV into the anastomosis (Fig. 7).°"°* In that the princi-
ples of penile revascularization encompass proximal or distal
ligation of the arterialized vein, ligation of the circumflex
vessels, destruction of the valves in the dorsal vein, as well
as shunts between artery and vein, many other variations
have been proposed.®* ¢

Apart from conventional microvascular surgery, revascular-
ization of larger donor vessels, such as the aorta, common
iliac artery and internal iliac artery, has been described. By
way of restoration of vascular inflow or restriction of outflow,
the technique and principle aim to ultimately enhance erectile
function.

Indication

Controversy exists over the indication for penile revascular-
ization surgery. Some investigators consider patients with ED
as a result of pelvic trauma as fit for the procedure,®® whereas
opponents preclude such cases from the operation owing to
the risk of the negative impact of a neurological disorder on
erectile function.

Even with no unanimity on the surgical indication, the ED
Guideline Update Panel took for granted that such an arterial
reconstructive surgery would be potentially beneficial to an
otherwise healthy patient aged <55 years with ED of late
attributable to arterial occlusive disease (Table 1).** Unlike
patients with ED from other causes, select patients with iso-
lated arteriogenic ED are potentially eligible for penile revas-
cularization procedures.”® 7>

Externaliliac artery and vein

Inferior epigastric artery

Deep dorsal vein

Fig. 6 Anastomosis of the IEA to the DDV with additional proximal and/or
distal vein ligation (venous arterializations, Furlow and Fisher procedure). The
marks “X” indicate the sites for ligation.
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Inferior epigastric artery

Deep dorsal vein

Dorsal penile artery

Fig. 7 Anastomosis of the IEA to the DDV and DPA (triple anastomosis
with arterial-venous shunt, Hauri’s procedure).

Surgical technique (microvascular arterial
bypass surgery)

The surgical approach for penile revascularization depends on
the severity of arterial occlusion, as well as the anatomical
variation of the penile artery. The operative procedure
involves three steps, as follows.

Dorsal artery and/or vein dissection

A scrotal or infrapubic incision is made at the surgeons’ dis-
cretion. As for the scrotal approach, an inguinal-scrotal inci-
sion is made on the opposite side of the donor-harvested
IEA. The intraoperative maneuver to invert the penile shaft
and elevate the fundiform ligament with hooks helps reduce
the risk of inadvertent damage to the fundiform ligament.”®
After that, dissection and isolation of the dorsal artery or vein
can proceed further.

IEA harvesting

For establishment of supplementary arterial blood flow, IEA
is commonly utilized for penile revascularization surgery. An
open technique, either pararectal or transverse abdominal, is
used to harvest the donor IEA.”*"* To avoid a wide incision
and facilitate convalescence, some investigators advocate
laparoscopic harvest of the IEA.””77 The other minimally
invasive procedure to harvest the IEA, the robot-assisted
technique, is an alternative supplement to the surgery.”® The
IEA is recognized, transected at the level near the umbilicus
and mobilized up to its origin near the femoral artery.
Throughout the internal ring, inguinal ligament and external
ring, IEA is further transferred to overlie the dorsum of the
penile shaft after passing beneath the fundiform ligament. It

Table 1 Inclusion criteria in selecting patients for penile revascularization

. Age <55 years

. Absence of vascular risk factors (diabetes, hypertension, tobacco use,
hypercholesterolemia)

. No evidence of neurological erectile dysfunction (e.g. multiple sclerosis,
pelvic surgery, lumbosacral radiculopathies etc.)

. No hormonal abnormalities

. No evidence of active psychiatric disorders (severe depression, bipolar
disease, schizophrenia)

. No evidence of Peyronie’s disease

. Absence of premature ejaculation

. Report of acute or chronic perineal or pelvic trauma

. No evidence of corporo-occlusive dysfunction by duplex Doppler
ultrasound and cavernosometry

10. Focal occlusive disease of the common penile or cavernosal arteries
documented by penile duplex Doppler ultrasound, cavernosometry and
selective internal pudendal arteriography
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is feasible to use papaverine hydrochloride topically to
obviate the arterial spasm if required.

Microsurgical anastomosis

Vascular anastomosis is carried out at the base of the
penis. There are three salient steps towards revasularization
surgery of the penis with the assistance of a microsurgical
technique in the clinical setting: (i) to anastomose both the
IEA and DPA in an end-to-end or end-to-side fashion (true
revascularization); (i) to anastomose both the IEA and
DDV with auxiliary ligation of the distal and/or proximal
vein (venous arterialization); and (iii) to anastomose the
IEA to DDV and DPA (triple anastomosis with an arteri-
ovenous shunt).”’ If the dorsal vein is used for revascular-
ization, the dorsal vein is probed in both directions via
cutdown to destroy the valves, rendering blood flow into
corpora cavernosa retrogradely. The operating microscope
is introduced to carry out the anastomosis using interrupted
10-0 nylon microsutures. After vascular anastomosis is
completed and scrupulous hemostasis is achieved, the
penile shaft is returned into its anatomical position and the
wound is closed in layers.

Sexual abstinence, a practice of refraining from all aspects
of sexual activity, is advised for >6 weeks postoperatively.
Anticoagulants, usually aspirin, can be instituted for
6 months to prevent the formation of blood clots within
blood vessels. Selective internal iliac arteriography might be
used to document the patency of microvascular anastomosis.

Surgical results

In the era of the 1970s and 1980s, microvascular arterial
bypass surgery was carried out to serve as a routine practice
for the treatment of Al responsible for ED. However, the sur-
gical effectiveness remained debatable and unproven, mostly
owing to the lack of consistent hemodynamic assessment,
standardized select patient and validated outcome measures,
as well as various surgical procedures. A systematic review

© 2019 The Japanese Urological Association
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and meta-analysis was carried out by Babaei ef al. to survey
the effectiveness of penile revascularization surgery for the
management of arteriogenic ED.* Several factors have been
identified in sequence to impinge on successful outcomes,
including age, the presence of a venous leak, history of
smoking and surgical technique utilized. Men aged <30 years
sustaining traumatic arterial occlusive disease of the penis
would benefit preferably from penile revascularization sur-
gery. Nevertheless, the investigators disclosed that the data
were inadequate for analysis attributable to discrepant out-
come measurements and non-randomized controlled trials in
all studies.

In 2016, the ED Guideline Update Panel carried out a
review of accessible literature on vascular surgery for ED,
and described the Arterial Occlusive Disease Index patient
as a healthy man aged <55 years with recently acquired
ED from focal arterial occlusive disease without significant
risk factors, such as diabetes, smoking or others. The
reported success rate for IEA-to-DDV penile revasculariza-
tion surgery was 36-80%, and for the IEA-to-DPA proce-
dure was of 91%. A conclusion has been drawn that the
effectiveness of penile revascularization surgery remained to
be determined due to the disadvantage of a small sample
size of 50 patients. A summary of studies evaluating revas-
cularization surgery for the management of ED is adapted
in Table 2.%°

Complications

More complex procedures are more likely subject to related
complications. Complications are not uncommon, and occur
in approximately 25% of patients receiving penile revascu-
larization surgery.®'** Penile edema is expected, but it usu-
ally resolves in a week or two. Penile vascularization
surgery might potentially invite hyperesthesia of the glans
and devastating spongy necrosis. Other complications
include loss of penile length (28%), decreased penile sensi-
tivity (24.7%), wound hematoma (7.8-25%), sepsis (3.5%),
inguinal hernias (2.8%), wound infection (2.8%) and urinary
tract infection (2.6%).8*%* Trauma to the dorsal nerve might
jeopardize penile sensation, which can be obviated by utiliz-
ing an operating microscope for microvascular dissection.®®
Penile artery shunt syndrome has been reported to result in
persistent ED after revascularization.®® Embolization of the
aberrant obturator artery can be carried out with resolution
of the shunt.

Priapism as a sequela of IEA—corpus cavernosum anasto-
mosis is one major complication, which results from the
development of non-ischemic priapism and consequential
fibrosis of cavernosal tissure. The procedure was soon aban-
doned. Dorsal vein arterializations, IEA-to-DDV anastomosis,
can be complicated with hyperemia of the glans, provoking
ulcers of the skin, penile pain and compression of urethra.
Glanular hyperemia accounts for 4-21% of patients receiving
the surgery, and shows a disastrous complexity that requires
surgical intervention in many cases.®' %8870 To ward off
overperfusion of the glans penis, ligation of all the contribut-
ing veins and venules distal to the site for [IEA-DDV anasto-
mosis is warranted.

© 2019 The Japanese Urological Association

Critical guideline issued

It has been deemed to be controversial and remains
unproved for penile revascularization surgery. In the fourth
Paris International Consultation on Sexual Medicine in
2015, the panel recommended that men with arteriogenic
ED eligible for the procedure should conform to the criteria
that characterized the Arterial Occlusive Disease Index
patient as no older than 55 years with recently acquired ED
attributable to focal arterial occlusive disease, lacking signifi-
cant risk factors, such as diabetes, smoking or others
(LOE = 3; strength of recommendation = C; option). The
surgery might not be beneficial to the patients with diabetes
or vascular risk factors (LOE = 3; strength of recommenda-
tion = B; recommended). Various types of feasible proce-
dures exist for microvascular arterial bypass surgery. Current
research cannot prove that one procedure surpasses another
(LOE = 3; strength of recommendation = C; option). For
vascular repair of aortoiliac occlusive disease, the internal
iliac artery should be spared to diminish the risk of associ-
ated ED (LOE = 3; strength of recommendation = B; rec-
ommended).>

In 2018, the American Urological Association Guidelines
Panel recommended that penile arterial reconstruction might
be considered for young men with ED and focal pelvic/penile
arterial occlusion, as well as without documented generalized
vascular disease or veno-occlusive dysfunction (conditional
recommendation; evidence level: grade C).”! The European
Association of Urology guidelines on ED, premature ejacula-
tion, penile curvature and priapism recommended that penile
revascularisation might be taken into account in young
patients suffering pelvic or perineal trauma with confirmed
Al on penile pharmaco-arteriography.®?

Penile venous surgery

With the intention to achieve the desired physiological effect,
penile venous surgery aims to increase venous impediment
for the retention of blood within the corpora cavernosa dur-
ing penile erection.”>** Italian Francesco Parona, in 1873,
first described an injection of hypertonic saline into the vari-
cose dorsal vein of the penis on a young patient with impo-
tence to induce sclerosis with a subsequent decrease of
inordinate outflow of penile veins. Not until the turn of the
20th century did the conception arise that occlusion of
venous channels from the penis by surgery could be benefi-
cial to ED.” Some USA doctors initiated resection or liga-
tion of the dorsal vein of the penis; for example James
Duncan in 1895, Joe Wooten in 1902 and Frank Lydston in
1908.°° Oswald Swinney Lowsley, in the early 1930s, pro-
posed an advanced perineal crural technique by the plication
of the ischiocavernosus and bulbocavernosus muscles with
interrupted mattress sutures, in conjunction with the plication
of a simple dorsal vein.”

After vanishing in the literature for several decades, surgery
for CVOD resurged during the 1980s with the advancement of
the physiology of penile erection.’® Surgical procedures for
ligation of penile veins have, over time, progressed from pre-
liminary techniques with ligation of a single vessel, the DDV,
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to more complex surgeries. Plication of the penile crura, spon-
giolysis and excision of the penile veins can be carried out
alone or in combination.®”*® There resided disputable issues on
the presence of a standard approach, which involves ligation
and excision of the DDV and its tributaries,’®*>'% and the
existence of a surgical technique targeted at the locations where
the leakage developed shown on cavernosography.'®! Some
investigators carried out a more expansive operation with liga-
tion of the cavernosal veins, crural veins and DDV with its
tributaries.'%? It has been generally believed that only early suc-
cess with few endurable cures was achieved from these sorts of
surgeries. There were many techniques used for complete
removal of penile veins; however, the procedures might engen-
der thermal injury due to electrocautery and, to some extent,
damage the integrity of the skeletal muscles surrounding the
bulbous spongiosun and crura, and smooth muscles of caver-
nosa as well.'*1193719 Ajthough some urologists embraced the
theoretical principle from a favorable viewpoint,'°”'%® the
American Urological Association panel in 1996 adapted the
guidelines on ED and recommended that penile venous surgery
was not justified in routine use. In reality, this surgery has been
held in abeyance.'% !

In tandem with a better understanding of penile venous
anatomy, painstaking studies have been carried out on
defrosted and fresh cadavers to omit the psychological impact
on penile erection.”® Investigators concluded that penile veins
are crucial in attaining a rigid erection.''™''* Renovation of
the venous anatomy of the penis has inspired the latest refine-
ment of venous surgery. Hsu ef al. resorted to an even more
radical technique, refined penile venous stripping, achieved
using local anesthesia as an ambulatory surgery.''>!''¢

Indication

Penile venous surgery for CVOD could be reserved for
patients with medically refractory ED. Several publications
have recommended penile venous surgery in a highly selected
population. Several factors have been identified to augur well
in young men with primary ED, including preoperative dura-
tion of ED of <7 years, normal hormone levels, adequate
arterial flow, normal corpus cavernosum electromyography
and MF of <45 mL/min on DICC.'"”

Cakan et al. advised that long-term results could be
improved remarkably with the aid of cautious appraisal of
candidates.''® Positive prognostic factors involved preopera-
tive age <40 years, duration of ED <2 years, non-smoker
patients, non-neurogenic disease and distal disease. Cayan
recommended crural ligation to treat primary CVOD in
young patients. In anticipation of a successful outcome, two
components have been recognized in young men, including
normal circulation of penile arteries without offending factors,
such as diabetes.'®” Hsu ef al. reported a good response to a
refined penile venous stripping procedure in highly selected
patients.''® Exclusion criteria included untreated chronic sys-
temic disease (e.g. chronic liver disease, renal failure, dia-
betes mellitus, hormonal insufficiency or psychological
disorders), major pelvic surgery, pelvic trauma, post-prostate
surgery and other obvious etiologies. Flores et al. drew a
conclusion that in a highly selected population of young men

10

with isolated crural venous leak, crural ligation surgery cured

70% and improved erectile function in more than 90% of
119

men.

Surgical technique (penile venous ligation/
stripping surgery)

By virtue of the conventional conceptualized venous anatomy
of the penis, the DDV is lined on both sides with one set of
DPAs in amidst the tunica albuginea and Buck’s fascia. For
correction of the venous leakage shown on radiography,
diverse techniques have been proposed.

Regarding access to the venous system of the penis, the
trans-scrotal approach was reported with favorable outcome
by Mulhall ef al.'*® Rahman et al. favored a 3-inch inguino-
scrotal incision approach.'*' While a parapenile inguinal inci-
sion is made, the penile shaft is delivered in a gooseneck
fashion into the operative area. Incising Buck’s fascia overly-
ing the dorsal aspect of the penis, DDV is ready for identifi-
cation and isolation. Attention must be paid to prevent
injuring one set of DPAs and dorsal nerves, respectively.
DDV is stripped from the area 1-cm proximal to the coronary
sulcus to the level of the symphysis pubis, in conjunction
with transection and ligation of its tributaries. Crural veins,
cavernosal veins and suspensory ligaments are all spared.'®”
To make an amendment to a solitary crural venous leak, an
umbilical tape is utilized to ligate the crus proximal to the
inlet of cavernous artery in expectation of shutting off the
venous leakage.”’

While the ligation procedure is completed and scrupulous
hemostasis is achieved, the penis shaft is returned to its
anatomical position and the wound is closed in layers. In the
clinical setting, sexual abstinence, a practice of refraining
from all aspects of sexual activity, is advised for >6 weeks
postoperatively. For moving toward the DDV complex over-
lying the anterior aspect of the prostate, the laparoscopically
trans-extraperitoneal approach was proposed for penile
venous surgery. Suture ligation was carried out cautiously,
while leaving the dorsum of the penis intact. Nevertheless,
there was still no obtainable data in terms of the success rate
through the laparoscopic approach over a long-term follow-
up period.'??

For currently refined penile venous stripping surgery, the
innovative venous anatomy of the penis has served as a blue-
print.''>'** A circumferential incision is first made, and
Buck’s fascia overlying the dorsal aspect of the penis is
entered. DDV is ready for identification and stripping initi-
ated from the level of the coronary sulcus distally. With the
trunk of the DDV serving as guidance, a pull-through maneu-
ver of the DDV system is achieved stepwise up to the level
of the penile hilum proximally to minimize damage of penile
tissue. Likewise, cavernosal veins are managed in the same
fashion. Ligation of engorged PAVs and circumflex veins are
also executed. After that, an infrapubic incision is carried
down to deliver the trunks of cavernosal veins and DDV,
respectively. Cardiovascular and DDV systems deep seated in
the infrapubic space are subsequently transected at the level
of the infrapubic angle distal to the entrance of the DDV into
the Santorini’s plexus. Crural veins are ligated as close as

© 2019 The Japanese Urological Association
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administered; group 1 responded
to first ICI, group 2 responded to
second ICI attempt, group 3 did
not respond and underwent PP;

excluded: Al, psychogenic,

Study design, diagnosis, population
performed, then ICI

Prospective, VOD; venous ligation

Mean age
(years)
9

Mean F/U
(months)

48

Year (n)
2014 (26)

Table 3 (Continued)

Reference
Shaeer'®?

© 2019 The Japanese Urological Association

23), group 2 (4 vs 13),
group 3 (3 vs 25)

neurogenic, hormonal, fibrotic,

traumatic etiologies; vascular risk
factors and deep system VOD

Adapted and revised from Rao and Donatucci,'*® Sohn et al.”® and Trost et al.*

possible to the level of the bulbocavernosus muscle. The
erection-related penile veins are hitherto all ligated (Fig. 4).
With electrocautery spared to avoid destruction of tissue,
ligation of the penile veins and hemostasis is achieved with
interrupted 6-0 nylon sutures throughout the entire proce-
dure.'”* Anticoagulants, usually aspirin, can be reinstituted as
early as 1 week postoperatively.

Surgical results

Most researchers presented retrospective studies. Furthermore,
the data cannot be analyzed owing to a paucity of standard-
ized patient selection, inconsistent hemodynamic evaluation,
various operative procedures, different outcome measures and
different follow-up periods.

Short-term outcomes of penile venous surgery on early
publications seemed encouraging, nevertheless, there yielded
no comparatively positive results during the period of long-
term follow up.”®%'9%192 Syccess rates varied from 23% to
80% within the first year, yet deteriorated consistently while
time elapsed on follow up.'%!'7-!1® The decrease in success
rate with time lapse has been ascribed most likely to insuffi-
cient ligation, reconnected penile veins, cavernoso-spongiosal
leakage, dysfunctional smooth muscle and unidentified
vascular lesions, as well as inadequate patient selec-
tion,26:99.100.108,125

In the literature, Wespes et al. reported that 50% of
selected patients afforded restoration of erectile function
after resection of the DDV.'”® Cayan declared that 26
patients benefited from resection of the penile veins, includ-
ing superficial and DDVs, as well as ligation of the cav-
ernous vein and two crura with umbilical tape. IIEF scores
improved significantly in biostatistics during a follow-up
period of >12 months postoperatively.lo2 Good results have
also been attained in an attempt to directly ligate the
offending channels of penile veins among patients with con-
genital or post-traumatic lesions induced by solitary venous
leakage.'"”

Using the latest refined penile venous stripping surgery,
Hsu ef al. proclaimed that 90.4% of selected patients
achieved an improvement rate on long-term follow up.''®
As for patients experiencing declined capability of erection
attributable to prior venous surgeries, whether penile defor-
mity was present or not, salvaging penile venous stripping
surgery has been reported to give modest results as well.'?’
Furthermore, Hsu inferred that clinically relapsed ED
occurred in patients receiving prior venous surgery as a
sequela of residual rather than recurrent veins of the
penis.'?® Wen et al. proposed a remedy for CVOD through
the synergistic effects exerted by venous surgery and medi-
cation with oral sildenafil.'®® For the treatment of ED, a
summary of evaluations appraising penile venous surgery is
adapted in Table 3.3

Complications

Complications can occur during or after a surgical procedure.
Among them, listed as perioperative complications are tran-
sient or irreversible numbness, skin necrosis, penile pain,
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penile curvature, wound or tape infection, penile deformity,
painful erections, lymphedema, postoperative shortening and
inadvertent ligation of the penile artery,5%!02117.125.130-134
Berardinucci et al. described complication rates of 15%,
which include penile deviation, adhesions amidst the skin and
the penis, as well as transient paresthesia of the penis.'®’
Freedman ef al. reported complications including penile
shortening (43%), excessive penile edema (33%), hypoesthe-
sias (20%), excessive pain (17%), hematoma (15%) and scar-
ring requiring revision (2%).'°! Ligation of crural veins,
spongiolysis and closure of spongiocavernosal shunts have
served as adjunct procedures that provided no supplementary
benefit, but higher morbidities. Hsu et al. reported no associ-
ated significant complications in their series on long-term fol-
low up.''® Minor complications seemed to be negligible,
including temporary edema of the penis, formation of hema-
toma and bruising.

Critical guideline issued

In 2015, the panel in the fourth Paris International Consulta-
tion on Sexual Medicine concluded that venous surgery or
embolization is not recommended for the treatment of
CVOD; regardless, the procedures can be carried out under
the circumstances of clinical research with informed consent,
standardized methods of diagnosis and surgical treatment.
Standardized questionnaires (IIEF) and long-term (a minimum
of 24 months) follow up are also required (LOE = 4; strength
of recommendation = C; option).>*

In 2018, the American Urological Association Guidelines
Panel proclaimed that penile venous surgery is not recom-
mended for patients with ED (moderate recommendation;
evidence level: grade C).°' The European Association of
Urology guidelines on ED, premature ejaculation, penile cur-
vature and priapism also disclaimed penile venous surgery to
be an option for management of ED.%?

Conclusions

Nowadays, there is no convincing evidence available to
draw conclusions that supplant these guidelines recom-
mended by the panels on ED. Numerous physicians query
whether or not penile vascular surgery addresses the under-
lying pathology. Sarcastically, the same concern should
apply to current options recommended in the guidelines.
Integration or combination of vascular surgery into goal-ap-
proached therapies, which include psychological counseling,
medical (e.g. phosphodiesterase type 5 inhibitor and intra-
cavernosal injection), non-surgical (e.g. vacuum device and
low-intensity shock wave therapy) and alternative surgical
intervention (e.g. penile prosthesis), would optimize patient-
centered management strategies. It is noteworthy that penile
venous surgery might be beneficial to selected patients with
CVOD, especially with a better understanding of the inno-
vative venous anatomy of the penis. To afford opportuni-
ties for the improvement of ED, penile vascular surgery
remains a viable option, and has found its niche in the
possibility of obtaining spontaneous, unaided and natural
erection.
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