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inTroDuCTion
Vasculogenic pathology, also known as venous leakage, is 
accepted as the main cause of organic ED.1 Because of their 
ability to reveal large regions of veins, cavernosometry and 
cavernosography have been adapted to evaluate venous 
leakage and are the only diagnostic procedures. The main 
reported treatment for venous leakage of penile veins is 
surgical ligation and endovascular embolization.2–4 Unfor-
tunately, the reported success rate, especially the long-term 
satisfaction, varies among patients. As a result, the 2013 
guidelines did not recommend the vascular surgery, stating 
that the criteria for patient selection were still unknown.

According to the reported successful results of vascular 
surgery, the patients enrolled have had highly selected 
isolated venous leakage,2–6 with a satisfaction time around 
12 months. Although this satisfaction time is still short, it 
can be accepted by most patients under our national condi-
tions. Many Chinese families have long wanted to have a 

child. If the procedure is successful, it can solve practical 
issues for many families.

Cavernosometry and CT cavernosography images 
combined with the volume rendering (VR) technique can 
provide elaborate details of venous leakage. This combined 
technique shows all the branches of penile veins and 
locates the origin of the crural vein, which will be ligated 
in the vascular surgery or an endovascular procedure. CT 
cavernosography can be used to select patients who would 
benefit from surgical or endovascular management.

MeThoDs anD MaTerials
All patients were given adequate explanations of the details 
of the procedure to mitigate any anxiety or fear during the 
procedure. Written informed consent was obtained from all 
patients for the publication of this study and accompanying 
photographs under the guidelines of the Medical Ethics 
Committee of the Huazhong University Graduate School 
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objective: To observe the venous leakage of penile veins 
through cavernosometry and cavernosography, using 
CT combined with three-dimensional volume rendering.
Methods: 186 consecutive erectile dysfunction patients 
(20–40 years old) with suspected venous leakage diag-
nosed by clinicians were enrolled. All patients underwent 
intracavernous injection of vasoactive agents combined 
with Doppler ultrasound to identify venous leakage.
results: Taking intracavernous injection combined with 
Doppler ultrasound as the “gold-standard”, 47/186 
(25.3%) patients had negative venous leakage, and 
139/186 (74.7%) patients had positive venous leakage. 
CT cavernosography showed that 22/139 (15.8%) cases 
were isolated deep dorsal vein or crural vein leakage, 
and 117/139 (84.2%) cases were complex venous leakage. 
Three types of deep dorsal vein were seen: single-
branch 42/139 (30.2.%), double-branch 45/139 (32.4%), 

and complex 31/139 (22.3%). Three types of prostatic 
venous plexus were seen: single-branch 26/139 (18.7%), 
multiple-branch 36/139 (25.9%), and plexus 39/139 
(28.1%). A total of 166 crural veins were revealed in 129 
patients. Crural veins had three origins: medial dorsal 
side (112/166, 67.5%), lateral ventral side (30/166, 18.1%) 
and the curs tip (24/166, 14.4%).
Conclusion: To achieve the expected success rate of 
ligation surgery or endovascular embolization, candi-
dates for the procedures should be carefully selected 
through CT cavernosography, which can provide elabo-
rate images and information about the venous leakage.
advances in knowledge: A modified evaluation method 
was used in this study to monitor the intracavernous 
pressure during examination. New classifications of the 
deep dorsal vein, prostatic venous plexus and crural vein 
are described in this study.
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and Faculty. Two radiologists independently assessed the CT 
images.

Patients selection
In total, 186 consecutive erectile dysfunction (ED) patients 
(20–40 years old) with suspected leakage of penile veins were 
enrolled (Figure  1). The International Index of Erectile Func-
tion (IIEF-5) questionnaire was conducted in all the patients 
to classify the severity of the disease.7 Patients were diagnosed 
with ED when the score of IIEF-5 was less than 22. Nocturnal 
penile tumescence and rigidity testing was used to differen-
tiate organic ED from psychogenic.8 Intracavernous injection 
(ICI) of vasoactive agents combined with Doppler ultrasound 
was used to categorize the type of vasculogenic impotence. 
According to the criteria proposed by Quam et al9 and Lue et 
al10 patients who underwent ICI combined with Doppler ultra-
sound were divided as follows: (1) normal (with no vasculogenic 
pathology): cavernosal artery peak systolic velocity (PSV) >25 
cm s−1, cavernosal artery end-diastolic velocity (EDV) <5 cm s−1, 
and restrictive indices (RI) > 0.8; (2) inflow insufficiency: PSV  
<25 cm s−1, EDV <5 cm s−1, RI > 0.8; (3) venous leakage: PSV > 
25 cm s−1, EDV > 5 cm s−1, RI < 0.8; and (4) mixed pathology: 
PSV < 25 cm s−1, EDV > 5 cm s−1, RI < 0.8.

Patients who met the following criteria were included:(1) prelim-
inarily diagnosed with organic ED by detailed inquiry of disease 
history, physical examination and laboratory tests; (2) patients 
considered to have vasculogenic ED, i.e. a rigid erectile response 
did not appear in 10 min after ICI or did not last for 30 min;11 
and (3) patients who were diagnosed with venous leakage by ICI 
combined with Doppler ultrasound.

The exclusion criteria were as follows: (1) diagnosis of psycho-
genic, neurogenic or endocrine ED; (2) diagnosis of arterial 

inflow insufficiency or mixed pathology by ICI combined with 
Doppler ultrasound; (3) drug-induced ED; (4) secondary ED to 
other disease or trauma; (5) contrast agent hypersensitivity; and 
(6) severe hepatic or renal failure.

Examination procedure
Patients underwent cavernosometry and CT cavernosography  
3 days after ICI combined with Doppler ultrasound. Patients 
were told to take the supine position on the examination bed. 
The examination environment was completely private, which 
means that patients and doctors were not disturbed during the 
whole process.

After local sterilization, 20 µg of prostaglandin E1 (Alprostadil 
Injection, Beijing Tide Pharmaceutical Co., LTD, Beijing) was 
injected into the corpus cavernosum. When the penis achieved 
erection, the operator inserted a 7# needle (intravenous needle for 
single use, Shandong Weigao group medical polymer Co., LTD, 
Shandong) at the dorsal side of the left corpora cavernosum and 
injected 30–60 ml of 30% saline-diluted ioversol (320 mg ml−1) 
(Ioversol Injection, Jiangsu Hengrui Medicine Co., LTD, Jiangsu) 
at an infusion velocity of 6–180 ml min−1  through the duct that 
was connected with the needle to induce erection to the expected 
hardness. The expected erection degree during examination was 
assessed according to the Erection Hardness Score (EHS).12,13 
When the status of the erection was assessed as 4 according to 
the EHS, i.e. it kept a stable flow-to-maintain velocity, patients 
were considered to be well prepared for CT examination. The 
infusion velocity and flow-to-maintain velocity during caverno-
sometry were recorded and used to assess the correlation with RI 
in the Doppler ultrasound examination.

CT examinations were performed on a Philips Ingenuity Core 
128 CT (Philips Healthcare, Cleveland, OH). The scanning 

Figure 1. Flow chart of patient enrollment process. ICI, intracavernous injection; IIEF-5, International Index of Erectile Function.
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parameters were as follows: 64 × 0.625 mm collimation, gantry 
rotation time 0.75 s, time resolution 30 ms, pitch factor 0.984. 
The tube voltage was 80 kV, and the tube current-time was 51–90 
mAs. iDose6 was used to reduce the radiation dose. The scan-
ning range for all examinations extended from the upper brim of 
the true pelvis to the most distant level of the penis.

The data constructive section thickness was 1 mm; the recon-
struction increment was 1 mm. All images were analysed with 
post-processing software (Philips IntelliSpace Portal Release v 
6.0.5.03900, Netherlands). Image post-processing methods on 
the workstation included three-dimensional VR, multiplanar 
reconstruction, and maximum intensity projection.

Taking ICI combined with Doppler ultrasound as the gold 
standard,14 patients with normal ultrasound parameters were 
considered to have psychogenic ED. Even if CT cavernosography 
revealed veins, patients with normal ultrasound parameters were 
diagnosed with normal penile haemodynamics in this study.

The venous drainage of the penis can be divided into three 
groups: superficial veins, intermediate veins and deep veins.15 
This was the classification used for general assessment in this 
study. The types of deep dorsal vein and prostatic venous plexus, 
as well as the origin positions of the crural veins, were assessed.

Statistical analysis
All of the data were analysed in IBM SPSS Statistics 20.0. Patients 
with venous leakage were divided into two groups according to 
IIEF-5 score: score 5–11 and score 12–21. Comparisons between 
the score 5–11 group and the score 12–21 group were performed 
by using the Χ2 test for categorical variables and the Wilcoxon 
test for ordinal variables. The test was two-sided and used  

α = 0.05. A receiver operating characteristic (ROC) curve was 
fitted to the velocities recorded in cavernosometry and CT 
cavernosography. The accuracy was defined by the area under 
the ROC curve (AUC) with asymptotic 95% confidence intervals.

resulTs
All of the patients underwent cavernosometry and CT caverno-
sography successfully. No severe foreskin haematoma or contrast 
media allergy event happened. The mean effective dose was  
1.1 ± 0.3 mSv (range 0.7–2.2 mSv).

Visible veins
Penile drainage veins were described in three layers: superficial 
veins, intermediate veins and deep veins.15 Taking ICI combined 
with Doppler ultrasound as the gold standard, 47/186 (25.3%) 
patients had normal penile haemodynamics and 139/186 
(74.7%) patients had venous leakage (Table 1). Compared with 
negative venous leakage patients who were diagnosed by ultra-
sound examination, positive patients had a higher visible rate of 
intermediate and deep-layer veins (p < 0.001), especially of the 
crural vein. The types of deep dorsal vein and prostatic venous 
plexus in positive venous leakage patients were more compli-
cated than those in negative patients (Table 1).

Deep dorsal veins were divided into three categories: single-
branch, double-branch and complex (Figures 2–4). The prostatic 
venous plexus was also divided into three categories: single-
branch, multiple-branch, and plexus (Figures 5–7).

A total of 166 crural veins were revealed in 129 positive venous 
leakage patients. The origin of the crural veins was divided into 
three places on each side: medial dorsal side, lateral ventral side 
and the crus tip (Figures 8–10). In total, 112/166 (67.5%) cases 

Table 1. The visible veins and types in CT cavernosography, both in positive and negative venous leakage patients

Positive (N = 139) N N % Negative (N = 47) N % Statistics p-value
Visible veins Superficial layer veins 50 36.0% 11 23.4% 2.517 0.113

Intermediate layer veins 125 89.9% 30 63.8% 17.225 <0.001

Deep layer veins 131 94.2% 30 63.8% 27.927 <0.001

Deep dorsal vein 118 84.9% 29 61.7% 11.398 0.001

Prostatic venous plexus 101 72.7% 24 51.1% 7.434 0.006

Crural vein 129 92.8% 29 61.7% 26.573 <0.001

Types of deep 
dorsal vein 

−3.211 0.001

Single branch 42 30.2% 11 23.4%

Double branches 45 32.4% 13 27.7%

Complex type 31 22.3% 5 10.6%

Unrevealed 21 15.1% 18 38.3%

Types of 
prostatic venous 
plexus 

−3.393 0.001

Single branch 26 18.7% 13 27.7%

Multiple branches 36 25.9% 6 12.8%

Plexus 39 28.1% 5 10.6%

Unrevealed 38 27.3% 23 48.9%
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were derived from the medial dorsal side, 30/166 (18.1%) cases 
were derived from the lateral ventral side, and 24/166 (14.4%) 
cases were derived from the crus tip.

Comparisons between the IIEF-5 score 5-11 group 
and score 12-21 group
The visible rates of superficial and intermediate veins in the score 
5–11 group were higher than those in the score 12–21 group. The 
visible rates of the deep dorsal vein, prostatic venous plexus and 

crural vein in the score 5–11 group were higher than those in the 
score 12–21 group. The types of deep dorsal vein and prostatic 
venous plexus in the score 5–11 group were more complicated 
than those in the score 12–21 group. The details of the compari-
sons between the two groups are given in Table 2.

Diagnostic accuracy of cavernosometry for venous 
leakage
Taking ICI combined with Doppler ultrasound as the gold-stan-
dard, the AUCs of infusion velocity and flow-to-maintain 
velocity in cavernosometry for the assessment of venous leakage 

Figure 2. Single-branch type of the deep dorsal vein. Male, 32 
years old, suffering from ED for 6 years. 

Figure 3. Double-branch type of the deep dorsal vein. Male, 
27 years old, suffering from ED for 3 years. ED,erectile dys-
function.

Figure 4. Complex type of the deep dorsal vein. Male, 25 years 
old, suffering from ED for 6 years. ED, erectile dysfunction.

Figure 5. Single-branch type of the prostatic venous plexus. 
Male, 23 years old, suffering from ED for 4 years. ED, erectile 
dysfunction.
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were 0.814 and 0.916, respectively (Figures 11 and 12, Table 3). 
The corresponding sensitivity, specificity, positive-predictive 
value, negative-predictive value, cut-off and accuracy are listed 
in Table 3. The flow-to-maintain velocity had a higher diagnostic 
accuracy than infusion velocity. We proposed that when the flow-
to-maintain velocity is >6 ml/min and the infusion velocity is 
>30 ml/min, a positive venous leakage will be diagnosed through 
CT cavernosography.

DisCussion
Penile erection requires a series of interdependent synergistic 
mechanisms: smooth muscle cell relaxation, increased arterial 

flow, and increased venous outflow restriction.15,16 Reduced 
venous outflow and increased lacunar pressure of the cavernosa 
are the primary mechanism of penile rigidity. Impaired venous 
function is the most common cause of vasculogenic ED.1,6,17

Diagnostic method
To evaluate the integrity of the vasculogenic function of 
ED, haemodynamic testing is necessary.18 ICI of vasoactive 
agents combined with Doppler ultrasound provides reliable 

Figure 6. Multiple-branch type of the prostatic venous plexus. 
Male, 36 years old, suffering from ED for 8 years. ED, erectile 
dysfunction.

Figure 7. Plexus type of the prostatic venous plexus. Male, 30 
years old, suffering from ED for 6 years. ED, erectile dysfunc-
tion.

Figure 8. Left crural vein derived from the medial dorsal side. 
Male, 23 years old, suffering from ED form 1 year. ED, erectile 
dysfunction.

Figure 9. Right crural vein derived from the lateral ventral side. 
Male, 24 years old, suffering from ED for 1 year. ED, erectile 
dysfunction.
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and detailed information about penile haemodynamics and 
is used as an ED screening test. It can evaluate penile arte-
rial and veno-occlusive function and can identify the type 
of vasculogenic pathology. Cavernosometry is used when 
there is a suspicion of venous leakage of penile drainage 
with normal arterial flow.19 Dynamic infusion of caverno-
sometry and cavernosography is widely used as a reference 
diagnostic technique for the evaluation of venous leakage of 
penile drainage.20 ICI combined with Doppler ultrasound 
and dynamic infusion of cavernosometry and cavernosog-
raphy have been the most widely employed methods to eval-
uate the veno-occlusive function and the arterial flow to 
the corpus cavernosum. While ICI combined with Doppler 
ultrasound has had roughly the same diagnostic standard 
of vasculogenic ED in different reports9,10,14,21 and has 
been used as the gold standard,14 the diagnostic standard 
of venous leakage in cavernosometry varies.3,19,22–26 The 

maximum normal flow-to-maintain velocity ranges from 3 
to 20 ml/min, and the infusion velocity has been reported 
as 35 ml/min.

Cavernosometry and CT cavernosography 
procedure
In this study, we took ICI combined with Doppler ultrasound 
as the gold standard to calculate the diagnostic accuracy of 
cavernosometry used in our study. The ROC and AUC showed 
that the flow-to-maintain velocity had a good diagnostic accu-
racy and that the cut-off was 6 ml/min, which was commensu-
rate with previous research.24,25 The cut-off of infusion velocity 
we proposed was 30 ml/min, which was commensurate with one 
study,26 but the sensitivity and specificity were lower than that of 
the flow-to-maintain velocity.

Figure 10. Left crural vein derived from the crus tip. Male, 26 
years old, suffering from ED for 2 years. ED, erectile dysfunc-
tion.

Table 2. Comparisons between score 5–11 group and score 12–21 group of visible veins in positive venous leakage patients

Visible veins Score 5–11 group N (%) (n = 41) Score 12–21 group N (%) (n = 98) Statistics p-value
Superficial layer veins 27 (65.9%) 23 (23.5%) 22.546 <0.001

Intermediate layer veins 41 (100%) 84 (85.7%) 6.513 <0.001

Deep layer veins 41 (100%) 90 (91.8%) 3.551 0.105

Deep dorsal vein 41 (100%) 77 (78.6%) 10.349 <0.001

Prostatic venous plexus 40 (97.6%) 61 (62.2%) 18.150 <0.001

Crural vein 41 (100%) 88 (89.8%) 4.508 0.034

Type of deep dorsal vein −3.877 <0.001

Type of prostatic venous 
plexus

−6.821 <0.001

Figure 11. ROC curve and the AUC for infusion velocity of cav-
ernosometry. AUC, area under the curve; ROC, receiver oper-
ating characteristic.
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In this study, we used EHS to evaluate the intracavernous pres-
sure during cavernosometry and CT cavernosography. When the 
status of the erection was assessed as 4 under sustained injection 
velocity, we considered it ready for the examination. Using EHS 
instead of a direct pressure recording device to evaluate the erec-
tion status can simplify the procedure by eliminating the need for 
a needle that would otherwise need to be inserted in the corpus 
cavernous to monitor the intracavernous pressure.

Using post-processing (including VR, multiplanar reconstruc-
tion, and maximum intensity projection), the venous drainage 
can be visualized accurately through any angle. Through various 
angles of rotation, the deep layer of the penile veins, mainly 
the crural veins, can be visualized clearly, including the venous 
leakage origin sites and distribution. However, the origin sites 
of intermediate- and superficial-layer penile veins can hardly be 
visualized. A large part of the reason is that the intermediate and 
superficial veins drain many small vein branches. Although the 
distant veins and the origin sites cannot be identified, the prox-
imal veins can be revealed clearly, which is the most employed 
operation site. Besides, because the proximal region of penis 
would often be chosen as the ligation site of dorsal veins to guar-
antee the effect of the vascular surgery, the invisibility of the sites 

of leakage of dorsal veins usually won’t influence the validity of 
vascular surgery.

The penile drainage veins and treatment 
implication
The penis is drained by three groups of veins,27 including super-
ficial, intermediate and deep. The superficial veins primarily 
drain penile skin, and they can communicate with the deep 
dorsal veins. The intermediate veins primarily consist of the deep 
dorsal vein and prostatic venous plexus. The venous drainage of 
the penis relies mainly on the deep dorsal vein under the fascia 
penis. Then, the deep dorsal vein drains to the prostatic venous 
plexus. The deep veins primarily consist of crural veins, draining 
the deep cavernous tissue.

Because of the reported low long-term surgical success rate, the 
2013 guidelines relegated vascular surgery to a low recommen-
dation status, stating that the criteria of patient selection and 
operative technique selection are controversial. It was concluded 
that vascular surgery should be offered in highly select candi-
dates in order to achieve the expected surgical success.

The primary surgical options for venous leakage are ligation of 
the dorsal veins (both superficial and deep) and its collaterals.28 
But the long-term success rate is no greater than 25%.20,29 The 
reasons for the low success rate are thought to be the inability 
to ligate all the defective veins, as small vein branches cannot 
be observed during surgery and some proximal veins cannot 
be ligated due to the exposure problem. To correct the haemo-
dynamic pathology more successfully, researchers20,22,30 have 
resorted to endovascular embolization of deep dorsal veins and 
the periprostatic venous plexus6 for patients with isolated deep 
dorsal vein leakage. However, according to our results, isolated 
and focal venous leakage is rare in ED, so the candidates for 
endovascular embolization should be highly selected.

Crural ligation surgery has improved the long-term success rate 
through the application of strict candidate criteria.3,4,31 Patients 
with isolated crural vein leakage can benefit from this surgery. 
In addition to isolated crural vein leakage, the origin site of the 
crural vein is also important. The perineal approach is useful 
only when the crural vein originates from the curs tip. However, 
the crural vein generally involves a long segment of the crus, and 
ligation of the crus tip may be inadequate.31

Still, there are reports of long-lasting efficacy in selected cases.5 
The validity of the vascular surgery or the endovascular proce-
dure depends on highly select candidates, well-designed proce-
dure plan, and operation technique. According to our results, 

Figure 12. ROC and AUC for flow-to-maintain velocity of cav-
ernosometry. AUC, area under the curve; ROC, receiver oper-
ating characteristic.

Table 3. Cavernosometry accuracy and evaluation in diagnosing venous leakage

Variable AUC AUC 95% 
CI

Sensitivity 
(%) Specificity (%) PPV (%) NPV (%) Cut-

off Accuracy

Infusion V 0.814 0.751–0.867 83.45 65.96 71.03 79.94 30 0.790

Flow-to-maintain V 0.916 0.866–0.952 90.65 82.98 84.19 89.87 6 0.887

AUC, area under the ROC curve; NPV, negative-predictive value; PPV, positive- predictive value.
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Patients’ age
Most of the young patients in this study had a long course of 
disease or had a history of ED tracing back to their initial sexual 
experiences. Most had no trauma history, unsatisfactory erectile 
rigidity or insufficient sustaining capability. These patients were 

once considered to have primary ED3 resulting from venous 
leakage. However, several pathophysiological processes lead to 
venous leakage as a result of impaired cavernous tissue.34 The 
impairment or loss of the tunica albuginea veno-occlusive mech-
anism results from the degeneration and atrophy of collagen and 
elastic fibres in the tunica albuginea.34,35

ConClusions
Using EHS to evaluate the intracavernous pressure during 
cavernosometry can simplify the procedure and eliminate the use 
of a needle that would otherwise be inserted into the other side 
of the corpora cavernosum. Through CT cavernosography and 
VR images, the types of deep dorsal vein and prostatic venous 
plexus can be distinguished, and the origin of the crural vein can 
be identified. To achieve a long satisfaction time, surgical ligation 
and endovascular embolization should be chosen for relatively 
simple types of penile veins, and crus ligation should be engaged 
only when the crural vein originates from the crus tip.

The validity of vascular surgery and embolization based on our 
theory and plan has not been validated yet. The validation has 
been carried out, and the result will be published in the future.
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