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a b s t r a c t

In the physiologic model of normal erectile function, a healthy veno-occlusive mechanism is essential to
initiate and maintain a rigid erection. The surgical treatment of patients with venous leakage, which is
synonymouswith corporoveno-occlusive dysfunction (CVOD),was based on the decreased venous outflow
during the erection process. The initial reports of short-term results were promising, but the long-term
benefits of penile venous ligation surgery were limited. Most clinical guideline panels concluded that
surgeries performed in an attempt to limit the venous outflow of the penis were not recommended.
Consequently, this surgery was nearly abandoned inmost medical societies worldwide. These unfavorable
postoperative outcomes seemed attributable to the indispensable usage of electrocautery and insufficient
venous management, based on conventional penile venous anatomy. Advances in better understanding of
human penile venous anatomy has enabled the development of refined penile venous stripping surgery.
The thorough stripping surgery is an even more radical procedure, which is an even more radical proce-
dure, and seems to be a viable option for the treatment of CVOD, however, there is still a need for further
study with well-defined diagnostic criteria, and standardized patient and partner outcome assessment.
Copyright © 2015, Taiwan Urological Association. Published by Elsevier Taiwan LLC. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Erectile dysfunction (ED) is the persistent inability to attain and
maintain an erection sufficient to permit satisfactory sexual per-
formance. It is a common disorder worldwide and affects a high
percentage of the male population. It remains a challenging med-
ical problem, even after the introduction of phosphodiesterase 5
(PDE5) inhibitors, which became the first-line drugs for ED man-
agement in 1998.

Erectile dysfunction affects physical and psychosocial health and
significantly impacts the quality of life ofmenand their partners. It is
uncommon in young men, but more common in middle age, and is
highly prevalent inmen aged> 60 years. Thus, to some extent, ED is
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a natural expression of aging. Epidemiologic studies of ED suggest
that approximately 5e20% of men have moderate to severe ED.1

Most patients with ED were previously believed to be psycho-
genic. This belief has givenway to the realization that ED etiologically
has an organic basis in most patients. Erectile dysfunction can be
caused by vasculogenic, neurogenic, hormonal and/or psychogenic
factors, and alterations in the nitric oxide/cyclic guanosine mono-
phosphate pathway or other regulatorymechanisms, which result in
an imbalance in corporal smoothmuscle contraction and relaxation.2

Vascular abnormalities are the most common factors in patients
with an organic etiology. There is no doubt that arterial inflow and
sinusoidal relaxation are important in the erectile phenomenon;
however, failure to trap cavernosal blood within the corpora cav-
ernosa is a common cause of ED.3 Penile corporoveno-occlusive
dysfunction (CVOD), which is synonymous with venous leakage
and venogenic ED, represents the most common vascular
dysfunction,4,5 and can be identified in up to 85% of men evaluated
for ED, regardless of the age of the patient.6,7 Most patients with
vascular ED are in this group, however, a minority of especially
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younger patients may develop ED because of circumscribed ac-
quired or congenital vascular abnormalities.

2. Physiology of penile erection, pathophysiology of CVOD,
and diagnostic investigations

Human penile erection is likely a mechanical phenomenon in a
peculiar vascular system, which is involved in three phases of the
erectile phenomenon: (1) an increase in arterial inflow into the
penis via paired cavernosal arteries; (2) sinusoidal relaxation and
filling of the corporeal bodies from this increased arterial
inflow: and (3) a decrease in the outflow from or trapping of blood
within the corpora, thereby causing tumescence and ultimate ri-
gidity. If all three of these vascular events work normally, an
erection ensues. The venous closuremechanism has been described
in anatomical dissections and physiological studies.3 By contrast, if
there is a defect in one or all three of these events, ED may occur.

Venogenic ED may result from an improperly functioning occlu-
sionmechanism. Investigations stress the role of the tunica albuginea
in the venous occlusion mechanism of the penis during an erec-
tion.2,7,8 The location and degree of venous leak is variable and can
occuranywherealong the tunica albugineaof the corpuscavernosum,
whichhas beendemonstrated in a caninemodel8 and inEDpatients.9

Recent studies suggest that, in most patients, CVOD results from
endothelial dysfunction and damage to the trabecular smooth
muscle content because of multifactorial degenerative processes.10

Structurally based CVOD occurs in patients with ED who have a
history of vascular risk factors and/or exposure to disorders that
induce trabecular structural alterations such as veno-occlusive pri-
apism, penile irradiation, and connective tissue disorders. Other
investigators have reported patients with vasculogenic impotence
who exhibit degeneration and atrophy of trabecular smooth muscle
cells with increased fibrous connective tissue.11,12 The possible
causes of CVOD include: congenital vascular anomalies; trauma;
arterial disease (e.g., hypercholesterolemia, arteriosclerosis); alter-
ations in the cavernosal smooth muscle, trabeculae, or tunica albu-
ginea; psychogenic factors; postpriapism; and unknown origin. It is
a common belief that CVOD is an effect rather than a cause of ED.11,12

Objective vascular testing that provides a physiologic diagnosis
may help direct appropriate therapy because not all patients
respond adequately to oral ED therapy. Erectile hemodynamics is
evaluated by duplex Doppler ultrasound or dynamic infusion cav-
ernosometry. Diagnostic dynamic penile color-duplex ultrasound
can assess arterial function and significant cavernosal venous
leakage bymeasuring peak arterial flow and the calculated resistive
index.13,14 Localization and severity of veno-occlusive dysfunction
may be determined by invasive dynamic intracavernosal cav-
ernosometry and cavernosography.15

3. A historical overview: penile venous ligation surgery

In 1873, the Italian Francesco Parona injected the varicosity
dorsal penile vein of an impotent young patient with hypertonic
saline to cause sclerosis and thereby reduce excessive venous
outflow. The concept that erectile disorders may be treated surgi-
cally by occluding venous channels from the penis was promoted as
early as the turn of the 20th century.16 Surgical ligation or resection
of the dorsal vein was practiced by several American doctors [e.g.,
James Duncan (1895); Joe Wooten (1902); and particularly, Frank
Lydston (1908), who reported 100 resections].16 Beginning in the
1930s, Oswald Swinney Lowsley combined simple dorsal vein
plicationwith a surgically more advanced perineal crural technique
in which he plicated the bulbocavernosus and ischiocavernosus
muscles with several mattress sutures.16 After his initial report in
1935, he followed 273 patients from more than 1000 patients that
he operated on in his later publication in 1953. After these tech-
niques disappeared from themedical literature, the rebirth of COVD
surgery began in the 1980s as a result of the new area of investi-
gation of erectile physiology.17

3.1. Surgical technique

Using a parapenile inguinal incision, the shaft of the penis is
delivered into the operative field in a gooseneck fashion. Buck's
fascia is incised over the dorsum of the penis, the deep dorsal vein
is identified and isolated. Care must be taken to avoid injuring the
paired dorsal arteries and nerves. The deep dorsal vein is stripped
from the symphysis pubis to 1 cm proximal to the corona, while its
tributaries are transected and ligated. The suspensory ligaments are
not divided and no attempt is made to ligate the cavernosal or
crural veins.18

There has been some debate as to whether a standard surgical
approach should be used, which involves ligating and excising the
deep dorsal vein and its tributaries,17,19,20 or whether the procedure
should be directed specifically to the site of the leakage demon-
strated on cavernosography.21 Other investigators have routinely
performed an even more extensive procedure by ligating the cav-
ernosal and crural veins and the deep dorsal vein and its tributaries.

The technical goal of therapy addresses the identified mal-
functioning or ectopic deep dorsal, crural, or cavernosal veins. The
surgical procedure has, over time, been expanded from simple deep
dorsal vein ligation to extensive surgical exposure and vein ligation,
excision, crural placation, and spongiolysis performed alone or in
combination.22

3.2. Outcomes of penile vein ligation surgery

Most studies have been retrospective analyses, and rely on the
patient's report of his sexual functioning. No study has reported the
use of standardized questionnaires for subjective improvement or
has reported improvement in the quality of life as a result of the
surgical intervention. There are generally no postoperative quan-
titative vascular assessments, except in patients with a poor
response to the intervention.

The initial reports with short-term results were prom-
ising,17,19,20,23 however, the long-term benefits of venous ligation
surgery have been limited. Success rates within the 1st year range
from 23% to 80%, but consistently decline on longer follow up.18,24,25

There is a time-related decline in successful function, presumably
through incomplete ligation, recanalization, cavernosa-spongiosum
leak, inadequate selection of patients, or the unrecognized presence
or progression of arterial pathology, and/or smooth muscle
dysfunction.17,19,20,26,27 Perioperative complications include wound
infection, penile curvature, skin necrosis, painful erections, post-
operative shortening of the penis, penile deformity, transient or
irreversible numbness, lymphedema, and ligation of the penile ar-
tery by error.26,28 Berardinucci et al18 report complication rates of
15%, which include temporary paresthesia of the penis (12%), and
adhesions between the skin and the penis, which result in variable
degrees of penile deviation during erectile episodes. Freedman
et al21 described complications such as excessive penile edema
(33%), hematoma (15%), excessive pain (17%), scarring requiring
revision (2%), penile shortening (43%), and hypoesthesias (20%).

4. Important guideline publications

The diagnosis and treatment of venous insufficiency is increas-
ingly questioned because it appears that “leakage” is a misnomer
and represents an erroneous interpretation of a more fundamental
problem related to alterations in the cavernosal tissue and the



Figure 1. Schematic illustrations of the conventional penile tunical and venous anat-
omy. (A) Lateral aspect. The glans penis is exclusively composed of uniform sinusoids
only. The deep dorsal vein (DDV) is flanked by a pair of dorsal arteries (DA). The 2:1
ratio of arteries to veins is the same as in the umbilicus vessel. (B) Cross-section of a
pendulous portion of the human penis. The tunica albuginea of the corpora cavernosa
is consistently described as a one-layered coat with uniform thickness and strength.
The median septum is complete. There is one single DDV and two DAs between the
Buck's fascia and tunica albuginea. Thus, the penile vascular system still complies with
the general anatomical rule that veins number more than arteries in the entire body.
Note. Figure 1 is from “Advances in our understanding of mammalian penile evolution,
human penile anatomy and human erection physiology: clinical implications for
physicians and surgeons,” by C.H. Hsieh et al, 2012, Medical Science Monitor, 18(7), p.
RA118e125. Copyright 2012, ISL. Reprinted with permission.
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tunica albuginea rather than a primary venous disease.29 The he-
modynamics of CVOD is recognized; however, it is difficult to
distinguish functional abnormalities (e.g., smooth muscle
dysfunction) from anatomical defects (e.g., tunical abnormality). It
is also difficult to determine what percentage of ED results from
CVOD, independent of general arterial hypofunction; how to
accurately diagnose this condition; how often arterial insufficiency
coexists; and whether there exists a subset of patients with this
disorder who would benefit from surgical intervention.

The National Institutes of Health Consensus Development
Conference Statement and the Clinical Guidelines Panel on ED of
the American Urological Association (AUA) previously concluded
that penile ligation and penile revascularization should be per-
formed in a research setting with long-term follow up avail-
able.30,31 The ED guidelines update panel of the AUA further
proclaimed that sufficient evidence to support a routine surgical
approach in the management of veno-occlusive ED has not been
published. Surgeries performed with the intent to limit the venous
outflow of the penis are not recommended.32 The first European
Association of Urology Guidelines on Erectile Dysfunction were
published in 2000 with subsequent updates. The latest update,
renamed “Guidelines on Male Sexual Dysfunction: ED and Prema-
ture Ejaculation,” also disclaimed using venous ligation procedures
of the penis as an option for managing ED because of the poor
overall outcomes.33

5. Discovery of penile venous anatomy

The venous system of the human penis has beenwidely studied,
and was considered to consist of a single deep dorsal vein between
Buck's fascia and the tunica albuginea (Figure 1).34,35 However, in
tandem with surgical assessment, clinical imaging, and a human
cadaveric study, penile erection-related veins have been discov-
ered,36 which consist of a deep dorsal vein (DDV), a pair of cav-
ernosal veins (CVs), and two pairs of para-arterial veins (PAVs) in
between the tunica albuginea and Buck's fascia instead (Figure 2).
The DDV serves as a common vessel that receives blood drained
from the corpora cavernosa through numerous emissary veins, and
from the corpus spongiosum via several circumflex veins. The CVs
course along each corpus cavernosum and extend distally to the
glans and between the dorsal artery and the DDV (but deeper to the
latter) and, within a different perivascular sheath, lies intimately on
the tunica albuginea and receives direct emissary venous drainage.
The CVs are asymmetrical bilaterally in their size and course, and
constitute independent drainage directly into the Santorini's
plexus. Two sets of PAVs accompany the dorsal arteries. These veins
are quite prominent distally with the medial PAV receiving emis-
sary drainage from the corresponding corpus cavernosum and the
lateral PAV occasionally having its own circumflex vein from the
corpus spongiosum. The PAVs drain into the DDV close to the
infrapubic angle or enter the pelvis independently. To negate psy-
chogenic influence on the human erection, studies have been
conducted on fresh and defrosted human cadavers and in-
vestigators concluded that penile veins have a pivotal role in
determining a rigid erection.37e39

6. Refined penile venous stripping surgery

The innovation of penile venous anatomy has enabled the
refinement of penile venous stripping surgery, an evenmore radical
procedure that is routinely performed under local anesthesia on an
outpatient basis.40,41 It has been patented by the United States
Patent and Trademark Office.42

The patients were highly selected, compared with patients
enrolled in series published in the literature. Enrollees received
multidisciplinary diagnostic approaches. Patients who had an un-
treated chronic systemic disease (e.g., diabetes mellitus, chronic
liver disease, renal failure, hormonal insufficiency, or psychoneu-
rotic disorders) or other obvious etiologies such as prostate surgery,
major pelvic surgery, and trauma were excluded from undertaking
cavernosography. Patients were diagnosed with CVOD, based on
dual pharmacocavernosography and dynamic penile color-duplex
ultrasound.

6.1. Surgical technique

Using the revolutionary penile venous anatomy as a blueprint,
penile venous stripping surgery was performed in sequence
(Figure 3). A circumcision was first performed to identify the DDV,
which was freed 2e3 cm proximal to the retrocoronal sulcus. It
was then thoroughly stripped distally to the level of the glas penis
where several dozen branched veins may reside. A step-by-step
pull-through maneuver of the DDV system was performed prox-
imal to the penile hilum, using the trunk of the DDV as a guide,
and passed through the openings formed on the Buck fascia at the
exits of the emissary veins. This maneuver minimizes tissue
damage. The CVs were similarly managed. A longitudinal pubic
incision was then formed to pass the DDV and CVs trunk



Figure 2. Schematic illustrations of the revolutionary penile venous anatomy in the human penis. (A) Lateral view. The deep dorsal vein is consistently presented in the median
position and receives blood from the emissary veins draining the corpora cavernosa and of the circumflex vein communicating with the corpus spongiosum. It is flanked by bilateral
cavernosal veins, although these lie at a deeper position in specific venous sheath. Bilaterally, each dorsal artery is respectively sandwiched by its corresponding medial and lateral
para-arterial veins. Note that the lateral para-arterial vein merges with the medial vein proximally. (B) Cross section of the penis in middle pendulous portion. Note that the number
of veins is seven, not one, as was traditionally believed, between the tunica albuginea and Buck's fascia. Note that the number of independent veins becomes four at the level of the
penile hilum because each pair of the nomenclature veins merges. Erection-related veins are arrayed in an imaginary arc on the dorsal aspect of the tunica albuginea with con-
necting network. It is a blueprint for penile venous stripping and ligation sites (cross) are resorted to the tunical level.
Note. Figure 2 is from “Advances in our understanding of mammalian penile evolution, human penile anatomy and human erection physiology: clinical implications for physicians
and surgeons,” by C.H. Hsieh et al, 2012, Medical Science Monitor, 18(7), p. RA118e125. Copyright 2012, ISL. Reprinted with permission.
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underneath. The DDV and CV systems were subsequently ligated
proximally for 7e10 branches and 4e9 branches, respectively,
until the infrapubic angle was reached. Engorged circumflex veins
and PAVs resulted from the rich drainage of the emissary veins
and were simple ligated respectively. The bilateral crural veins
were ultimately managed close to bulbocavernosus muscle.41

Excessive application of the electrocautery outside the tunica
can produce tissue destruction that extends far beyond the
treated foci of interest.43 With electrocautery spared, fine 6-
0 nylon sutures were utilized for ligating the veins and hemo-
stasis through the entire procedure.

6.2. Outcome of refined penile venous stripping surgery

During a follow up of 5.1e8.2 years, Hsu et al41 reported an
improvement rate of 90.4% in well-selected patients with CVOD.
Hsu et al44 also reported salvaging penile venous stripping surgery
with a fair outcome in patients who had experienced poorer
erectile capability or/and penile deformity from prior venous sur-
geries they had received elsewhere. There is controversy on
whether the insufficient response to penile venous surgery in an
attempt to restore erectile function results from the recurrent veins
or residual veins. Hsu et al45 propose that the clinical relapse of ED
results from residual veins rather than recurrent veins.

The complication rate was low. Compared with complications
reported in the literature, complications such as minor bruising,
hematomas, and temporary edema seem minor and negligible.
Application of refined venous surgery appears to augur well.
However, it is impossible to compare the outcome among series
because of the variable criteria used for the selection of patients,
diverse surgical techniques, and different follow-up methods and
periods.



Figure 3. Photos of an ongoing surgical process. (A) A circumferential incision (arrow) and longitudinal wound (arrowhead) are used to access the offensive veins. (B) The deep
dorsal vein (DDV, arrow) is readily visible if the corpora cavernosa is manually compressed. The DDV and cavernosal veins (CVs) are thoroughly stripped to the penile base. (C) An
engorged circumflex vein is identified and managed in the left corpus cavernosum. (D) Several circumflex veins (arrowheads) are visible as the stripping procedure proceeds
proximally; a tag suture is fixed at the 5 o'clock position of the tunica albuginea using 3-0 silk suture. (E) One vein of them is managed. (F) It is ligated as close as possible to the
corpus spongiosum using 6-0 nylon sutures. The para-arterial veins are similarly meticulously ligated rather than being stripped. (G) A longitudinal pubic incision is formed to
continue the stripping procedure proximally. The DDV trunk is tagged (black suture). (H) The DDV (arrow) and one CV (arrowhead, at least two) systems are ligated proximally for
7e10 branches and 4e9 branches, respectively, until the infrapubic angle is ensued. (I) The circumferential wound (arrow) and the median longitudinal pubic wound (arrowhead)
are approximated layer by layer with a 5-0 chromic sutures.
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7. The future

As mentioned previously, veno-occlusive mechanisms involve
the corpus endothelium, smooth muscle, tunica albuginea, sub-
tunical venous drainage system, and extracorporeal aberrant
venous vessels in erectile function. Most investigators agree that
CVOD is an effect rather than a cause of ED. Whatever the mech-
anism, CVOD represents a failure of normal veno-occlusion during
the increased arterial inflow of an erection, and venous leak surgery
is directed at increasing venous resistance. Thus, penile venous
surgery may not be acting at the site of the causal veno-occlusive
incompetence, but it achieves the desired physiological effect.
However, the extensive collateral venous drainage of the penis is
probably a major reason that most venous ligation procedures fail
to have a consistent beneficial effect in most patients with veno-
genic ED.46

Venous leak surgery is an option that offers the possibility of
obtaining spontaneous unaided erections. This is intuitively
attractive to patients and to surgeons. Based on the new insight into
the penile venous anatomy, a definitive surgical removal of
offending veins appears promising and may augur well with better
results in properly selected patients.47 To some degree, refined
penile venous surgery is envisaged to offer a beneficial effect in
most patients with CVOD and comorbidities. It is interesting that
numerous surgical failures can be rescued with the intracavernosal
administration of vasoactive agents to which they were unre-
sponsive before the operation.27,48 Furthermore in conjunction
with corporoplasty and penile venous stripping, combination sur-
geries may offer a viable option for the treatment of ED and
dysmorphology.48

In rare cases of isolated venous leaks due to congenital or post-
traumatic lesions, targeted ligation of these venous outflow
channels may be practical.49 All patients should be provided
detailed information about the current uncertainties of this pro-
cedure, alternative therapies, possible complications, the proba-
bility for secondary corrective surgery, and the need for long-term
follow up.

The efficacy of this surgery is controversial largely because pa-
tient selection and outcome criteria have not been objective and
because a variety of surgical techniques has been used. It is para-
mount to document a standardized diagnostic approach and
assessment of surgical efficacy, if feasible.
8. Conclusion

With the current review of evidence-based analysis, there are no
additional outcome data of sufficient quality or quantity to super-
sede the recommendations proposed by the guideline panels.
Refined penile vascular surgery seems promising for the treatment
of CVOD. There is still a need for further study with well-defined
diagnostic criteria and standardized patient and partner outcome
assessment. Penile prosthesis implantation remains the last resort
for treating ED.
Conflicts of interest

The authors declare that they have no financial or non-financial
conflicts of interest related to the subject matter or materials dis-
cussed in the manuscript.
Sources of funding

No funding was received for the work described in this article.



C.-H. Hsieh et al. / Urological Science 27 (2016) 60e65 65
Acknowledgments

We would like to thank E. F. Einhorn for his English editing,
along with Ms Hsiu-Chen Lu, Margaret Su-Lan Tang and Venus
Ying-Hui Chen for their preparations of the illustrations and photos
used in this article.
References

1. Feldman HA, Goldstein I, Hatzichristou DG, Krane RJ, McKinlay JB. Impotence
and its medical and psychosocial correlates: results of the Massachusetts Male
Aging Study. J Urol 1994;151:54e61.

2. Lue TF. Physiology of penile erection and pathophysiology of erectile
dysfunction. In: Wein AJ, Kavoussi LR, Partin AW, Novick AC, Peters CA, editors.
Campbell-Walsh urology. 10th ed. Philadelphia, PA: Elsevier Saunders; 2012.
p. 688e720.

3. KraneRJ,Goldstein I, SaenzdeTejada I. Impotence.NEngl JMed1989;321:1648e59.
4. Lue TF, Takamura T, Umraiya M, Schmidt RA, Tanagho EA. Hemodynamics of

canine corpora cavernosa during erection. Urology 1984;24:347e52.
5. Lue TF, Hricak H, Schmidt RA, Tanagho EA. Functional evaluation of penile

veins by cavernosography in papaverine-induced erection. J Urol 1986;135:
479e82.

6. Rajfer J, Rosciszewski A, Mehringer M. Prevalence of corporeal venous leakage
in impotent men. J Urol 1988;140:69e71.

7. Fuchs AM, Mehringer CM, Rajfer J. Anatomy of penile venous drainage in
potent and impotent men during cavernosography. J Urol 1989;141:1353e6.

8. Fournier Jr GR, Juenemann KP, Lue TF, Tanagho EA. Mechanism of venous oc-
clusion during canine penile erection: an anatomic demonstration. J Urol
1987;137:163e7.

9. Virag R, Paul JF. New classification of anomalous venous drainage using
caverno-computed tomography in men with erectile dysfunction. J Sex Med
2011;8:1439e44.

10. Montorsi F, AdaikanG,BecherE,Giuliano F, Khoury S, LueTF, et al. Summaryof the
recommendations on sexual dysfunctions in men. J Sex Med 2010;7:3572e88.

11. Shafik A, Shafik I, El Sibai O, Shafik AA. On the pathogenesis of penile venous
leakage: role of the tunica albuginea. BMC Urol 2007;5:7e14.

12. Hellstrom WJG, Montague DK, Moncada I, Carson C, Minhas S, Faria G, et al.
Implants, mechanical devices, and vascular surgery for erectile dysfunction.
J Sex Med 2010;7:501e23.

13. McMahon CG. Correlation of penile duplex ultrasonography, PBI, DICC and
angiography in the diagnosis of impotence. Int J Impot Res 1998;10:153e8.

14. Aversa A, Sarteschi LM. The role of penile color-duplex ultrasound for the
evaluation of erectile dysfunction. J Sex Med 2007;4:1437e47.

15. Yu GW, Schwab FJ, Melograna FS, DePalma RG, Miller HC, Rickholt AL. Preop-
erative and postoperative dynamic cavernosometry and cavernosography:
objective assessment of venous ligation for impotence. J Urol 1997;147:
618e22.

16. Das S. Early history of venogenic impotence. Int J Impot Res 1994;6:183e9.
17. Wespes E, Schulman CC. Venous leakage: surgical treatment of a curable cause

of impotence. J Urol 1985;133:796e8.
18. Berardinucci D, Morales A, Heaton JP, Fenemore J, Bloom S. Surgical treatment

of penile veno-occlusive dysfunction: is it justified? Urology 1996;47:88e92.
19. Williams G, Mulcahy MJ, Hartnell G, Kiely E. Diagnosis and treatment of venous

leakage: a curable cause of impotence. Br J Urol 1988;61:151e5.
20. Stief CG, Djamiliam M, Truss MC, Tan H, Thon WF, Jonas U. Prognostic factors

for the postoperative outcome of penile venous surgery for venogenic erectile
dysfunction. J Urol 1994;151:880e3.

21. Freedman AL, Neto FC, Mehringer CM, Rajfer J. Long-term results of penile vein
ligation for impotence from venous leakage. J Urol 1993;149:1301e3.

22. Lue TF. Surgery for crural venous leakage. Urology 1999;54:739e41.
23. Cayan S. Primary penile venous leakage surgery with crural ligation in men

with erectile dysfunction. J Urol 2008;180:1056e9.
24. Schultheiss D, Truss MC, Becker AJ, Stief CG, Jonas U. Long-term results

following dorsal penile ligation in 126 patients with veno-occlusive dysfunc-
tion. Int J Impot Res 1997;9:205e9.

25. Cakan M, Yalcinkaya F, Demirel F, Ozgunay T, Altug U. Is dorsale penile vein
ligation (DPVL) still a treatment option in veno-occlusive dysfunction? Int Urol
Nephrol 2004;36:381e7.

26. Kim ED, McVary KT. Long term results with penile vein ligation for venogenic
impotence. J Urol 1995;153:655e8.
27. Vale JA, Feneley MR, Lees WR, Kirby RS. Venous leak surgery: long-term follow-
up of patients undergoing excision and ligation of the deep dorsal vein of the
penis. Br J Urol 1995;76:192e5.

28. Da Ros CT, Tel€oken C, Antonini CC, Sogari PR, Souto CA. Longterm results of
penile vein ligation for erectile dysfunction due to cavernovenous disease. Tech
Urol 2000;6:172e4.

29. Nehra A, Goldstein I, Pabby A, Nugent M, Huang YH, de las Morenas A, et al.
Mechanism of venous leakage: a prospective clinico-pathological correlation of
corporeal function and structure. J Urol 1996;156:1320e9.

30. Anonymous. NIH Consensus Conference. Impotence. NIH Consensus Develop-
ment Panel on Impotence. JAMA 1993 Jul 7;270(1):83e90.

31. Montague DK, Barada JH, Belker AM, Levine LA, Nadig PW, Roehrborn CG, et al.
Clinical guidelines panel on erectile dysfunction: summary report on the
treatment of organic erectile dysfunction. The American Urological Association.
J Urol 1996;156:2007e11.

32. Montague DK, Jarow JP, Broderick GA, Dmochowski RR, Heaton JPW, Lue TF,
et al. The management of erectile dysfunction: an update. Linthicum, MD:
American Urological Association; 2005. Available at, https://www.auanet.org/
education/guidelines/erectile-dysfunction.cfm [Accessed 23 Nov 2015].

33. Wespes E, Eardley I, Giuliano F, Hatzichristou D, Hatzimouratidis K, Moncada I,
et al. Guidelines on male sexual dysfunction: erectile dysfunction and pre-
mature ejaculation. European Association of Urology 2013. http://uroweb.org/
wp-content/uploads/14_Male-Sexual-Dysfunction_LR.pdf.

34. Aboseif SR, Breza J, Lue TF, Tanagho EA. Penile venous drainage in erectile
dysfunction. Br J Urol 1989;64:183e90.

35. Moscovici J, Galinier P, Hammoudi S, Lefebvre D, Juricic M, Vaysse P. Contri-
bution to the study of the venous vasculature of the penis. Surg Radiol Anat
1999;21:193e9.

36. Hsu GL, Hsieh CH, Wen HS, Chen YC, Chen SC, Mok MS. Penile venous anat-
omy: an additional description and its clinical implication. J Androl 2003;24:
921e7.

37. Hsieh CH, Wang CJ, Hsu GL, Chen SC, Ling PY, Wang T, et al. Penile veins play a
pivotal role in erection: the hemodynamic evidence. Int J Androl 2005;28:
88e92.

38. Hsu GL, Hung YP, Tsai MH, Hsieh CH, Chen HS, Molodysky E, et al. Penile veins
are the principal component in erectile rigidity: a study of penile venous
stripping on defrosted human cadaver. J Androl 2012;33:1176e85.

39. Hsieh CH, Liu SP, Hsu GL, Chen HS, Molodysky E, Chen YH, et al. Advances in
our understanding of mammalian penile evolution, human penile anatomy and
human erection physiology: clinical implications for physicians and surgeons.
Med Sci Monit 2012;18:RA118e25.

40. Hsu GL, Hsieh CH, Chen HS, Ling PY, Wen HS, Liu LJ, et al. The advancement of
pure local anesthesia for penile surgeries: can an outpatient basis be sustain-
able? J Androl 2007;28:200e5.

41. Hsu GL, Chen HS, Hsieh CH, Lee WY, Chen KL, Chang CH. Clinical experience of
a refined penile venous stripping surgery procedure for patients with erectile
dysfunction: is it a viable option? J Androl 2010;31:271e80.

42. Hsu GL. Physiological approach to penile venous stripping surgical procedure
for patients with erectile dysfunction. Washington, DC: U.S. Patent and
Trademark Office, Patent number US 8,240,313 B2, issued August 4, 2012.
Available at http://www.google.com/patents/US20110271966. [Accessed 23
Nov 2015].

43. Hsu GL, Hsieh CH, Wen HS, Hsu WL, Chen YC, Chen RM, et al. The effect of
electrocoagulation on the sinusoids in the human penis. J Androl 2004;25:
954e9.

44. Hsu GL, Chen HS, Hsieh CH, Lee WY, Chen KL, Chang CH. Salvaging penile
venous stripping surgery. J Androl 2010;31:250e60.

45. Hsu GL, Chen HS, Hsieh CH, Lin PL, Wen HS, Liu LJ, et al. Insufficient response to
venous stripping surgery: is the penile vein recurrent or residual? J Androl
2006;27:700e6.

46. Sohn M, Hatzinger M, Goldstein I, Krishnamurti S. Standard operating pro-
cedures for vascular surgery in erectile dysfunction: revascularization and
venous procedures. J Sex Med 2013;10:172e9.

47. Wen HS, Hsieh CH, Hsu GL, Kao YC, Ling PY, Huang HM, et al. The synergism of
penile venous surgery and oral sildenafil in treating patients with erectile
dysfunction. Int J Androl 2005;28:297e303.

48. Hsu GL, Molodysky E, Liu SP, Chang HC, Hsieh CH, Hsu CY. Reconstructive
surgery for idealizing penile shape and erectile functional restoration on pa-
tients with penile dysmorphology and erectile dysfunction. Arab J Urol
2013;11:375e83.

49. Molodysky E, Liu SP, Huang SJ, Hsu GL. Penile vascular surgery for treating
erectile dysfunction: current role and future direction. Arab J Urol 2013;11:
254e66.

http://refhub.elsevier.com/S1879-5226(15)00444-3/sref1
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref1
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref1
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref1
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref2
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref2
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref2
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref2
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref2
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref3
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref3
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref4
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref4
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref4
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref5
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref5
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref5
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref5
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref6
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref6
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref6
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref7
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref7
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref7
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref8
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref8
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref8
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref8
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref9
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref9
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref9
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref9
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref10
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref10
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref10
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref11
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref11
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref11
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref12
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref12
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref12
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref12
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref13
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref13
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref13
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref14
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref14
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref14
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref15
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref15
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref15
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref15
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref15
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref16
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref16
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref17
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref17
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref17
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref18
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref18
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref18
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref19
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref19
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref19
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref20
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref20
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref20
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref20
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref21
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref21
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref21
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref22
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref22
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref23
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref23
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref23
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref24
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref24
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref24
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref24
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref25
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref25
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref25
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref25
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref26
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref26
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref26
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref27
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref27
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref27
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref27
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref28
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref28
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref28
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref28
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref28
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref29
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref29
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref29
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref29
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref30
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref30
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref30
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref31
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref31
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref31
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref31
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref31
https://www.auanet.org/education/guidelines/erectile-dysfunction.cfm
https://www.auanet.org/education/guidelines/erectile-dysfunction.cfm
http://uroweb.org/wp-content/uploads/14_Male-Sexual-Dysfunction_LR.pdf
http://uroweb.org/wp-content/uploads/14_Male-Sexual-Dysfunction_LR.pdf
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref34
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref34
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref34
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref35
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref35
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref35
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref35
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref36
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref36
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref36
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref36
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref37
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref37
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref37
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref37
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref38
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref38
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref38
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref38
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref39
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref39
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref39
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref39
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref39
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref40
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref40
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref40
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref40
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref41
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref41
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref41
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref41
http://www.google.com/patents/US20110271966
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref43
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref43
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref43
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref43
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref44
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref44
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref44
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref45
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref45
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref45
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref45
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref46
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref46
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref46
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref46
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref47
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref47
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref47
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref47
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref48
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref48
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref48
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref48
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref48
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref49
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref49
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref49
http://refhub.elsevier.com/S1879-5226(15)00444-3/sref49

	Penile venous surgery for treating erectile dysfunction: Past, present, and future perspectives with regard to new insights ...
	1. Introduction
	2. Physiology of penile erection, pathophysiology of CVOD, and diagnostic investigations
	3. A historical overview: penile venous ligation surgery
	3.1. Surgical technique
	3.2. Outcomes of penile vein ligation surgery

	4. Important guideline publications
	5. Discovery of penile venous anatomy
	6. Refined penile venous stripping surgery
	6.1. Surgical technique
	6.2. Outcome of refined penile venous stripping surgery

	7. The future
	8. Conclusion
	Conflicts of interest
	Sources of funding
	Acknowledgments
	References


