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Abstract

Background
In this study, the place and e�ciency of computerized tomography angiography(CTA) in the
postoperative management of patients with penile revascularization were evaluated.

Methods
Between 2014–2018, penile revascularization surgery was performed to 78 patients who applied with the
complaint of erectile dysfunction(ED). The mean age of the patients was 47.17 ± 13.26(23–69). Patients
with a regular sexual partner and relationship, who didn’t bene�t from medical treatment and who had
erectile dysfunction for at least three months were included in this study. The cases were divided into
three groups (20–40, 41–60, > 61) according to their age. All cases were evaluated preoperatively by
International Index Of Erectile Dsysfunction(IIEF)5–15, Cavernosometry, Corpus Cavernosum
Electromyography (CC-EMG), Penil Color Doppler Ultrasonography(PCDU). In the postoperative 3rd
month, IIEF 5–15 test was applied and the anostomosis patency was evaluated with CTA.

Results
In the postoperative 3rd month CTA, 56 patients had an open anostomosis. In 22 cases, the anostomosis
area could not be observed. In patients with open anostomosis, the rate of IIEF-5 increasein the
postoperative periodwas between 35,0% and 80,8%. In patients without anostomotic patency, the increase
rates of IIEF-5 were between 12,5% and 23,3%. Increases in the IIEF 5–15 questionnaire were found to be
signi�cantly higher in patients with anostomotic opening in the CTA compared to patients without
anostomotic opening.

Conclusion
CTA results and changes in IIEF rates after penile revascularization show a great correlation. Evaluating
the patency of the anostomosis with CTA may guide the timing of more invasive procedures such as
penile prosthesis implantation.

Background
Erectile dysfunction can be de�ned as inability to achieve and/or maintain erection for satisfactory
sexual performance [1]. There is an increase in the global prevalence of ED. According to the
Massachusetts Male Aging Study data, ED is seen at varying degrees in more than 52% of men aged 40
to 70 [2]. It has been reported that in more than 70% of cases without endocrine or neurological disorders,
ED has an organic origin and is caused by hemodynamic factors and arterial or venous insu�ciency. In
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cases where an organic etiology is suspected, the penile anatomy, physiology, and hemodynamics should
be well evaluated. ED is assessed using methods such as penile color doppler ultrasonography, dynamic
pharmacocavernosometry, selective pudendal pharmacovigilance, nocturnal penile tumescence test, and
corpus cavernosum electromyography[3, 4]. CTA is a rapid, non-invasive imaging technique used to
diagnose vascular diseases, to show the relationship between non-vascular diseases and vascular
structures, and to reveal vascular anatomy; thus, this method can be useful in identifying patients who
require endovascular treatment. Various publications report that CTA is an effective and reliable method
for the diagnosis and treatment of priapism, arterial injury, and erectile dysfunction, as well as detecting
venous leakage in venous erectile dysfunction [5–8]. In the current study, CTA with intracavernous
contrast material was performed after penile revascularization surgery. This allowed the investigation of
not only the correlation between CTA �ndings and IIEF scoring but also the usability of CTA as a non-
invasive method in evaluating the penile anatomy and vascular structures in patients that had undergone
penile revascularization surgery.

Methods
Penile revascularization surgery was performed on 78 patients with ED of organic origin between June
2014 and September 2018. The mean age of the patients was 47.17 ± 13.26 (23–69). The patients were
divided into three age groups: Group 1 (20–40), Group 2 (41–60), and Group 3 (> 60). The personal
information and medical history obtained from the patients revealed diabetes in 15 cases, smoking in 18
cases, hyperlipidemia in 11 cases, and cardiovascular disease in 9 cases. In addition, the body mass
index of 9 cases was greater than 26. The inclusion criteria were having had ED for a minimum of 3
months, having a regular sexual partner, not bene�tting from medical treatment, and having ED of a non-
psychogenic origin. After obtaining the detailed anamnesis of the patients, their complete blood count,
fasting blood glucose, lipid pro�le, luteinizing hormone, testosterone and prolactin levels were determined
and the blood pressure values   were measured. In preoperative PCDU, cases with peak systolic velocity
(PSV) value less than 25 cm/s and/or end diastolic velocity (EDV) value higher than 5 cm/s were
evaluated together with cavernosometry and CC-EMG tests, and then arterial and/or venous insu�ciency
distinction was made. In addition, the diameters and �ow velocities of the inferior epigastric arter (IEA)
were evaluated to determine the appropriate side for anastomosis. All the cases were also assessed
using the IIEF-5, IIEF-15 and IIEF-erectile function domain scores preoperatively and at the postoperative
3rd month. In addition, at the postoperative 3rd month, CTA with intravenous contrast material was
performed 10 minutes after the intracavernous injection of 60 mg papaverine and the blood level in the
anastomotic region, deep dorsal vein, and cavernosal vascular structures were examined (Fig. 1). The
study protocol was approved by the Local Ethics Committee, and all patients signed an informed-consent
agreement. Moreover, the patients were asked to give consent for their photographs to be taken during
surgery.

PCDU (B-K Medical, Herlev, Denmark) was performed with an 8 MHz linear probe to diagnose arterial or
veno-occlusive pathology. Before the test, papaverine hydrochloride (60 mg) was injected into one of the
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cavernosal bodies. After 20 min, systolic arterial �ow of < 25 cm/s or enddiastolic �ow of > 5 cm/s was
interpreted as arterial insu�ciency or veno-occlusive dysfunction, respectively.

For preoperative CC-EMG evaluation, the cavernosal electrical activity (CEA) of the penis was measured
with a high-speed electromyography module (Medical Measurement Systems, Enschede, the Netherlands)
connected to a computer. The sampling frequencies were 200 Hz and band-pass �lters with threshold
frequencies of 0.1–20 Hz were used. CEA recordings were obtained using coaxial needle electrodes
during the �accid state of the penis, and a ground electrode was placed on the patient’s foot to prevent
electrical noise. CEA recordings were carried out for 10 min and cavernosal electrical potentials were
recorded. The amplitudes of the potentials were marked peak to peak. After 10 min, 60 mg papaverine
hydrochloride was injected into one of the cavernosal bodies to exclude the possible presence of a
discoordination pattern (the presence of an increase or no change in CEA after papaverine injection) in
CC-EMG recordings, which is suggestive of neurogenic ED. Patients with a discoordination pattern were
not included in the study.

After 10-min CC-EMG evaluations, cavernosometry was performed with the same device. Caverno-
occlusive dysfunction was suspected based on two criteria:

1. An erection maintenance �ow rate of > 5 mL/min at an intracavernosal pressure of 150 mmHg; 2. A
decrease in intracavernosal pressure from 150 mmHg of more than 45 mmHg 30 s after stopping
infusion.

Before surgery, all the men signed an informed consent form in which detailed information about the
revascularization operation was given. In operations, using the Furlow–Fisher modi�cation of the Virag–
V procedure [9, 10]. Unlike with the Furlow– Fisher procedure, the circum�ex collaterals were preserved
and the deep dorsal venous valves were not disrupted by a stripper. Four to six emissary veins were
identi�ed and preserved. The whole dissection was performed under optical magni�cation (×2.5) to
prevent arterial or nervous injuries.

The inferior epigastric artery was brought to the penile root through a subcutaneous tunnel. And end-to-
side anastomosis was made between the IEA and the proximal part of the deep dorsal vein. Interrupted
sutures of 7 − 0 polypropylene were used according to a standard microsurgical technique. After the
anastomosis, the deep dorsal vein was ligated proximal to the arteriovenous anastomosis. The patients
received postoperative intravenous heparin (5000 IU/day) for 72 h, after which they were put on daily
dipyridamole 75 mg and acetylsalicylic acid 300 mg for 3 months, and coitus was allowed 2 months
after surgery.

Analysis of outcomes and statistics
All the patients completed a 15-item IIEF questionnaire preoperatively and during the postoperative
follow-up. In addition, the results of the IIEF-5 and EF domain scores were recorded preoperatively and
postoperatively. All the statistical analyses were performed using SPSS software for Windows (version
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21.0, SPSS Inc, Chicago, Illinois, USA). A p value of ≤ 0.05 was considered to be statistically signi�cant.
Continuous data was expressed as mean ± standard deviation (SD). A student’s t-test was used for the
comparison of the averages and a chi-square Fischer test was undertaken to compare the categorical
variables. The categorical data was expressed as values and percentages. P < 0.05 was considered as
statistically signi�cant.

Results
Penile revascularization surgery was performed on 31 patients in Group 1, 28 in Group 2, and 19 in Group
3. These cases were evaluated using PCDU, CC-EMG, and cavernosometry tests and classi�ed according
to the etiology of ED. There were 42 cases of arterial insu�ciency, 17 cases of venous insu�ciency, and
19 cases of both arterial and venous insu�ciency. In preoperative PCDU, the mean PSV values was found
for the right and left cavernosal arteries, respectively, 13,41/14,16 cm/s in patients with arteriel
insu�ciency, 38,42/41,20 cm/s in patients with venous insu�ciency, 16,33/15,84 cm/s in patients with
mixed insu�ciency. In preoperative PCDU, the mean EDV values was found for the right and left
cavernosal arteries, respectively, 3,41/2,16 cm/s in patients with arteriel insu�ciency, 8,50/9,35 cm/s in
patients with venous insu�ciency, 7,65/8,33 cm/s in patients with mixed insu�ciency. Veno-occlusive
dysfunction was detected in 17 cases in cavernosomotry performed after complete compression of
cavernosal smooth muscles after intracavernosal papaverine injection in CC-EMG. Based on the
preoperative IIEF-5 scores, 2 patient had mild ED, 6 had mild to moderate ED, 22 had moderate ED, and 48
had severe ED (Table 1).

 
Table 1

Classi�cation of the degree of ED according to the patients’ preoperative
IIEF-5 scores.

IIEF-5 20–39 year 40–59 year > 60 year

No ED (22–25) 0 0 0

Mild ED (17–21) 0 2 (%2,56) 0

Mild&Moderate ED (12–16) 2 (%2,56) 4 (%5,12) 0

Moderate ED (8–11) 7 (%8,97) 10 (%12,8) 5 (%6,41)

Severe ED (5–7) 11 (%14,1) 20 (%25,6) 17 (%21,79)

In the patients for whom the anastomotic region and the deep dorsal vein were visualized in the CTA, the
IIEF-5 / IIEF-15 scores were calculated as 8.66 / 19.77 in Group 1, 9.46 / 21.15 in Group 2, and 4.0 / 12.66
in Group 3 in the preoperative period and as 15.66 / 38.33, 17.23 / 39.46, and 5.40 / 17.33 in Groups 1, 2,
and 3, respectively in the postoperative period. The rate of increase in the IIEF-5 score was 80.8% in Group
1, 82.1% in Group 2, and 35.0% in Group 3. Concerning the IIEF-15 scores, there was an increase of 93.8%
for Group 1, 86.5% for Group 2, and 36.8% for Group 3.
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In the patients with no CTA visualization of the anastomotic region and the deep dorsal vein, the IIEF-5 /
IIEF-15 scores were 6.0 / 21.0 in Group 1, 9.50 / 22.25 in Group 2, and 4.80 / 11,60 in Group 3
preoperatively, and 7.40 / 26.0 in Group 1, 12.0 / 27.75 in Group 2, and 5.40 / 12.80 in Group 3
postoperatively. The rate of increase in the IIEF-5 score was 23.3% in Group 1, 26.3% in Group 2, and
12.5% in Group 3. The IIEF-15 score increased by 23.8% for Group 1, 24.7% for Group 2, and 10.3% for
Group 3 (Table 2). The preoperative total IIEF-EF domain scores were calculated as 6.4, 4.8, and 5.9 in
Groups 1, 2, and 3, respectively. For the patients with and without the visualization of the anastomotic
opening in the postoperative �nal follow-up CTA, the total IIEF-EF domain scores were 18.16 in Group 1,
21.13 in Group 2, and 8.65 in Group 3 and 9.35 in Group 1, 13.6 in Group 2, and 6.62 in Group 3,
respectively. Although anastomosis line was followed in a total of 8 cases, su�cient IIEF increase was
not observed. However in these cases were not rushed for penile prosthesis implantation. In 4 of these
cases, IIEF values gradually increased between 6–12 months postoperatively. In four cases, there was no
expected bene�t.

 
Table 2

The changes in the preoperative and postoperative IIEF scores revealing signi�cantly higher scores in the
patients with the visualization of the anastomotic opening compared to those for whom CTA did not

show this structure.

  Anostomosis open (n = 56) Anostomosis not open (n = 22)

Preop. Postop. IIEF 5/15 Preop. Postop. IIEF 5/15 P Value* IIEF 5/15
IIEF5/15 rate of increase IIEF 5/15 IIEF 5/15 rate of increase

Group 1 (20–39 year)

Group 2 (40–59 year)

Group 3 (> 60 year)

8,66/19,77 15,66/38,33 %80,8/%93,8 6,0/21,0 7,4/26,0 %23,3/%23,8
< 0.05

9,46/21,15 17,23/39,46 %82,1/%86,5 9,5/22,25 12,0/27,75
%26,3/%24,7 < 0.05

4,0 / 12,66 5,4 / 17,33 %35,0/%36,8 4,8/11,60 5,4/12,80
%12,5/%10,3 < 0.05

Discussion
In cases where oral pharmacotherapy and intracavernosal injections are not effective in ED treatment,
penile revascularization can be performed as a third-line treatment [11]. Surgical modi�cations can be
summarized as modi�cations of anastomoses between the IEA and the dorsal penile artery or the deep
dorsal vein, direct anastomosis to cavernous bodies, or end-to-end (triple-stapled) anastomosis between
the IEA, the dorsal artery and the vein [12–14]. Recently, laparoscopic and robot-assisted
revascularization techniques have been also applied, but in these studies, the number of patients was low
and surgical experience was not su�cient to generalize the outcome to a wider population [15, 16].
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The aim of penile revascularization surgery is to raise the amount of blood to the cavernous bodies to
increase oxygenation, maintain smooth muscle structure and achieve spontaneous physiological
erection. The �rst study on penile revascularization was published in 1972 by Michal et al. [17]. Later,
Goldstein reported 80% success rate with the same method in younger patients with ED secondary to
pelvic trauma accompanied by localized obstruction of the internal pudendal or penile arteries [18]. Virag
et al. performed an aortic anastomosis between the IEA and the deep dorsal vein and reported normal
erection in 49% of the patients and improved erection in 20% [19]. The results of long-term follow-up
studies performed over the last three decades using different techniques reported that success rates have
varied from 25 to 80% [20–28]. In a study of a large case series with a long follow-up period, Kayigil et al.
reported high success rates for penile revascularization in patients with no risk factors [29].

In the current study, an end-to-side anastomosis was performed between the IEA and the deep dorsal vein
of the penis. This directed the arterial �ow in the deep dorsal vein into the cavernous bodies through
emissary veins and aimed to improve erectile function by increasing tissue oxygenation. Penile
revascularization surgery does not produce the same result in all patients with ED caused by vascular
insu�ciency. For successful outcomes, the anastomosis established to increase the blood �ow to the
cavernous tissue should be maintained in the postoperative period. In a study that used selective
pudendal angiography to assess the anastomotic opening in cases that had undergone penile
revascularization surgery, no association was reported between anastomotic speci�city and the
subjective patient satisfaction [30]. However, in that study, arterio-arterial anastomosis was used and the
selected imaging technique was highly invasive and had a high complication rate. To evaluate the
patients with ED prior to the revascularization procedure magnetic resonance angiography (MRA) and
penile angiography were compared and the latter was reported to be superior. However, this method is
invasive and expensive, and has the disadvantages of requiring follow-up after surgery. In the same
study, proximal iliac and pudendal arteries were reliably shown with MRA but the visualization of the
distal pudendal and penile arteries was limited. This was attributed to artifacts due to bowel movements
and the limited spectral resolution [31].

In the present study, CTA was performed at the postoperative 3rd month to determine the anastomotic
opening. Offering excellent anatomical detail by imaging at all angles, this technique allows for the easy
identi�cation of patients that require endovascular treatment. CTA is a fast and non-invasive imaging
method for de�ning vascular diseases and demonstrating the vascular anatomy and the relationship
between non-vascular diseases and vascular structures. Contrary to conventional angiography, CTA can
be performed with the peripheral intravenous injection of contrast agents (generally into the brachial
artery) and has been de�ned as a �rst-choice imaging technique for the diagnosis of vascular diseases.
This technique can also be used to follow-up previously diagnosed cases in terms of anastomotic
opening as described in this paper. The brevity of the imaging period and the patient follow-up after the
procedure lasting only minutes are important advantages of CTA over MRA, particularly for patients with
claustrophobia. Considering the long duration of MRA and the possibility of artifacts in images due to the
patient’s movements, CTA presents as a more favorable method. We consider that the detailed imaging of
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vascular and other anatomical structures with CTA can be attributed to the vasodilating effect of
papaverine administered before the procedure.

CTA has been very interesting in the diagnosis of conditions such as developmantal vascular anomalies
and atherosclerozis [32–34]. Characteristic �ndings are of great importance in evaluating the severity of
disease and in evaluating the response the treatment [35]. In a study on the use of CTA in patients with
ED, the internal pudendal artery, a branch of the internal iliac artery providing penile erection, was
assessed in terms of its anatomical variations and effect on the age of developing ED. According to the
results, it was found that variations of the internal pudendal artery were seen in about 50% of patients
and is considered to play a role as a congenital factor, especially in the early etiology of ED. It was also
reported that ED might develop approximately 10 years earlier in patients with bilateral anatomic
variations compared to those with a normal bilateral anatomy [36]. Beijer et al suggested that
angiography should be considered as the gold standart in detailed imaging of arterial diseases and that
CTA can be used as a �rst-line method in patients with arterial disease [37]. In a study in which 73
patients were evaluated, CTA was stated as a promising and effective method in the diagnosis of erectile
dysfunction of vascular origin [6]. In another study, it was emphasized that CTA is a reliable method in the
diagnosis of venous erectile dysfunction, showing the exact location of venous leakage in clinical
examination, with clearer images, lower contrast agent and radiation dose, and the advantages of faster
examination than X-ray penile angiography [8]. In the literature, there is no study reporting CTA being
performed to demonstrate vascular structures and anastomotic opening after penile revascularization.
We consider that the current study provides a better understanding of the e�cacy of penile
revascularization surgery in the treatment of ED and contributes to this surgical technique. In the current
study, the IEA, deep dorsal vein and anastomotic region were better evaluated in the postoperative CTA
with the papaverine injection. The statistical analyses revealed that in patients with the visualization of
the deep dorsal vein, the increase in IIEF and patient satisfaction were signi�cantly higher. The patients
with an insu�cient increase in IIEF but no visualization of the anastomosis opening were recommended
for a penile prosthesis implantation. However, in cases with a visible anastomotic opening in CTA despite
an insu�cient increase in IIEF, prosthetic implantation was not immediately recommended and it was
considered more appropriate to continue the treatment with phosphodiesterase 5 inhibitors for a certain
period.

As in all other techniques, the most reliable way of performing a CTA evaluation with the correct
indications is to understand the positive and negative aspects of the method and its technical capacity,
and applying it in cases where it will provide information that will in�uence the diagnosis and treatment
protocol of the patient. Despite providing more information about the anatomical details, CTA has certain
disadvantages due to the use of contrast materials and exposure to radiation. However, with the
advances in technology, CTA devices now have a higher scanning capacity and require a shorter time for
imaging; thus, the duration of exposure to radiation has been minimized.

Conclusion
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In ED cases, penile revascularization surgery can be performed before invasive procedures such as penile
prosthesis implantation. The scoring systems used to demonstrate the effectiveness of this surgery in the
postoperative period are mostly subjective. Therefore, the similarity of the �ndings obtained from
contrasted CTA with the IIEF scores has shown that CTA is an objective method to identify the success of
the surgery and follow-up patients in the postoperative period. It has been observed that CTA can be used
as a pre-evaluation before implantation in prosthesis candidates who do not bene�t from other treatment
options, especially at younger ages. We believe that further studies with a larger case series will shed
more light on the effectiveness and advantages of CTA.

Abbreviations
CTA: Computerized Tomography Angiography, ED:Erectile Dysfunction, IIEF:International Index Of Erectile
Dsysfunction, CC-EMG:Corpus Cavernosum Electromyography, PCDU:Penil Color Doppler
Ultrasonography, PSV:Peak systolic velocity, EDV:End Diastolic Velocity, IEA; Inferior Epigastric Arter,
CEA:Cavernosal Electrical Activity, MRA:Magnetic Resonance Angiography

Declarations
Acknowledgments: Not applicable

Funding: Not applicable

Competing interest: There is not con�ict of inteerst between the authors

Availability of data and materials: Not applicable

Code availability: Not applicable

Ethics approval: Ethics committee approval was obtained fromAnkara Atatürk Training And Reserach
Hospital (Ankara, Turkey), Refernas number : 26379996/89

Consent to participate: All authors approved

Consent for publication: All authors approved

Author contrubutions: FA, ÖK, OA, Aİ. Designed research; FA, ÖK, OA, Aİ. Conducted review and editing; FA,
ÖK. Project admisitration and resources; FA, ÖK, OA, Aİ. Wrote the paper; FA, ÖK. Data analysis; FA, OA. All
authors contributed to the writing of the article. All authors read and approved the �nal manuscript. 

References
1. Sha�k A, Sha�k I, El Sıbai O, Sha�k AA. Sha�k AA. On the pathogenesis of penile venous leakage:

role ofthe tunica albuginea. BMC Urol. 2007;7:14.



Page 10/12

2. 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;151:54–61.

3. Zang Z, Deng C. The use of color Doppler in the diagnosis of erectile dysfunction. Zhonghua Nan Ke
Xue. 2004;10:298–301.

4. Vickers MA, Benson CB, Richie JP. High Resulition Ultrasonography and Pulsed Wave Doppler for
Detection of Corporovenous impotence in Erectile Dysfunction. J Urol. 1990;143:1125–7.

5. Yarovoi SK, Khromov RA, Shipovskii VN. Arterial priapism as a complication of a stab wound in the
perianal area. Urologia. 2017;5:86–90.

�. Xu CC, Ruan XZ, Tang YF, Pan JH, Wang GY, Huang QL. Diagnostic value of four-dimentional CT
angiography in arterial erectile dysfunction using 320-detector row dynamic volume CT. Biosci Rep.
2017;21:37.

7. Pezeshki Rad M, Mohammadifard M, Ravari H, Farrokh D, Ansaripour E, Saremi E. Comparing color
doppler ultrasonography and angiography to assess traumatic arterial injuries of the extremities. Iran
J Radiol. 2015;1:12.

�. Wang GY, Xu CC, Wu KR, Liu GL, Zhang J, Pan YN, Tang YF. Application value of Toshiba 320-row
dynamic volumetric CT angiography in the diagnosis of venous erectile dysfunction. Zhonghua Nan
Ke Xue. 2016;22:635–40.

9. Furlow WL, Fisher J, Knoll LD. Current status of penile revascularization with deep dorsal vein
arterialization: experience with 95 patients. Int J Impot Res. 1990;2::348.

10. Kayıgil O, Ahmed SI, Metin A. Deep dorsal vein arterialization in pure caverno- occlusive dysfunction.
Eur Urol. 2000;37:345–59.

11. Rosen RC. The process of care model for evaluation and treatment of erectile dysfunction. Process
of Care Consensus PanelInt J Impot Res. 1999;11:59–70.

12. Virag R, Zwang G, Dermange H, Legman M. Vasculogenic impotence: A review of 92 cases with 54
surgical operations. Vas Surg. 1981;15:9–17.

13. Kayigil O, Atahan O, Metin A. Electrical activity of the corpus cavernosum in patients with corporal
veno-occlusive dysfunction. Br J Urol. 1996;77:261–5.

14. Hauri D. Surgical possibilities in treatment of vascular induced erectile impotence. Urologe A.
1989;28:260–5.

15. Kawanishi Y, Kimura K, Nakanishi R, Fukawa T, Numata A. A minimally invasive method for
harvesting the epigastric artery for penile revascularization. BJU Int. 2004;94:1391–6.

1�. Raynor MC, Davis R, Hellstrom WJ. Robot-Assisted Vessel Harvesting for Penile Revascularization. J
Sex Med. 2010;7:293–7.

17. Michal V, Kramar R, Pospichal J, Hejhal L. Direct arterial anastomosis on corpora cavernosal Penis in
the therapy of erectile impotence. Rohzl Chir. 1973;52:587–90.

1�. Goldstein I. Overview of types and results of vascular surgical procedures for impotence. Cardiovasc
Intervent Radiol. 1988;11:240.



Page 11/12

19. Virag R, Spencer PP, Frydman D. Arti�cial erection in diagnosis and treatmet of impotence. Urology.
1984;24:157–61.

20. Anafarta K, Aydos K, Yaman O. Is deep dorsal vein arterialization an alternative surgical approach to
treat venogenic impotence? Urol Int. 1997;59:109–12.

21. Crespo EL, Bove D, Farell G, Soltanik E. Microvascular surgery technique and follow-up. Vasc Surg.
1987;21:277–81.

22. DePalma RG. Vascular surgery for impotence: A review. Int J Impot Res. 1997;9:61–7.

23. Hakim LS, Nehra A, Kulaksizoğlu H, Goldstein I. Penile microvascular arterial by-pass surgery.
Microsurgery. 1995;16:296–308.

24. Hauri D. Penile revascularization surgery in erectile dysfunction. Andrologia. 1999;31:65–76.

25. Hwang TI, Yang CR. Penile vein ligation for venogenic impotence. Eur Urol. 1994;26:46–51.

2�. Kaufman JM, Kaufman JL, Fitch WP. Deep dorsal vein arterialization in arteriogenic impotence: Use
of the dorsal ar-tery as a neoarterial source. Int J Impot Res. 1995;7:157–64.

27. Lizza E, Zorgniotti A. Penile revascularization for impotence: Comparison of the V5 an the furlow
operations. J Urol. 1998;39:298.

2�. Manning M, Jünemann KP, Scheepe JR, Braun P, Krautschick A, Alken P. Long-term follow-up and
selection criteria for penile revascularization in erectile failure. J Urol. 1998;160:1680–4.

29. Kayıgil O, Okulu E, Aldemir M, Onen E. Penile revascularization in vasculogenic erectile dysfunction
(ED): long-term follow-up. BJU Int. 2012;109:109–15.

30. Levine FJ, Green�eld AJ, Goldstein I. Arteriographically determined occlusive disease within the
hypogastric-cavernous bed in impotent patients following blunt perineal and pelvic trauma. J Urol.
1990;144:1147–53.

31. John H, Kacl GM, Lehmann K, Debatin JF, Hauri D. Clinical value of pelvic and penile magnetic
resonance angiography in preoperative evaluation of penile revascularization. IntJ Impot Res.
1999;11:83–6.

32. George RT, Arbab-Zadeh A, Miller JM, Vavere AL, Bengel FM, Lardo AC, Lima JAC. Computed
tomography myocardial perfusion imaging with 320-row detector computed tomography accurately
detects myocardial ischemia in patients with obstuctive coronary artery disease. Circ Cardiovasc
Imaging. 2012;5:333–40.

33. Roach CJ, Russell CL, Hanson EH, Bluett B, Orrison WW Jr. Appearance and impact of post-operative
intracranial clips and coils on whole-brain CT angiography and perfusion. Eur J Radiol.
2012;81:960–7.

34. Hanson EH, Roach CJ, Ringdahl EN, et al. Developmental venous anomalies: appearance on whole-
brain CT digital subtraction angiography and CT perfusion. Neuroradiology. 2011;53:331–41.

35. Yahyavi-Firouz-Abadi N, Wynn BL, Rybicki FJ, et al. Steroid-responsive large vessel vasculitis:
application of whole-brain 320-detector row dynamic volume CT angiography and perfusion. Am J
Neuroradiol. 2009;30:1409–11.



Page 12/12

3�. Kawanishi Y, Muguruma H, Sugiyama H, et al. Variations of the internal pudendal artery as a
congenital contributing factor to age at onset of erectile dysfunction in Japanese. BJU Int.
2008;101:581–7.

37. Beijer TR, van Dijk EJ, de Vries J, Vermeer SE, Prokop M, Meijer FJA. 4D-CT angiography
differentiating arteriovenous �stula subtypes. Clin Neurol Neurosurg. 2013;115:1313–6.

Figures

Figure 1

A postoperative CTA image of the inferior epigastric artery, the anastomotic line, and the arterialized deep
dorsal vein and its branch         


