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Introduction

Erectile dysfunction is defined as the inability to get a 
sufficient erection for a satisfactory sexual intercourse. 
Penile erection is a complex phenomenon that involves a co-
ordinated interaction of psychological, hormonal, nervous, 
arterial, venous and sinusoidal systems. The etiological di-
agnosis of erectile dysfunction usually requires a study of 
penile vasculature. Arterial origin involves a high percent-
age of erectile dysfunction. Eco-Doppler allows the study 
to be performed in a fast, non-invasive and efficient way, 
providing information about the morphological aspects of 
the arteries and flow parameters. The study was aimed to 
assess the importance of using Doppler ultrasonography in 
detecting vascular problems that lead to erectile dysfunc-
tion and its use in differential diagnosis with other causes of 
erectile dysfunction.

The literature review was performed by analyzing arti-
cles from the databases MEDLINE, Hinari. The words used 
as a search engine were the following: penile vasculariza-
tion, doppler ultrasonography, erectile dysfunction. Only 
full-text articles were analyzed.
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Abstract
Background: Erectile dysfunction is defined as the inability to get sufficient erection for a satisfactory sexual intercourse. Penile erection is a complex 
phenomenon that involves a coordinated interaction of psychological, hormonal, nervous, arterial, venous and sinusoidal systems. According to recent 
studies, on average about 10% of men aged 40–70 years have severe or complete erectile dysfunction, and about 20–40% – partial erectile dysfunction. 
According to the 2018 European Association of Urologists (EAU) Guide, up to 12% of the European male population up to the age of 40 has a certain 
degree of erectile dysfunction (from minor to severe), after 40 years, this figure exceeds 50%. The prevalence of erectile dysfunction (ED) in the Republic 
of Moldova is significantly higher in men over the age of 40–67.4%, compared to men up to the age of 40–21.1%. Imaging-directed Doppler ultrasound 
of the cavernous arteries provides a functional and quantifiable assessment of the arterial flow of the penis during a pharmacological erection. Subjects 
without vascular disease show arterial dilation after intracavitary injection, the vessels appearing with thin and parallel walls, homogeneous lumen and 
following a straight course, subjects with arteriogenic problems had thickened walls and an inhomogeneous lumen. It is also mentioned that no differences 
were observed between the two drugs.  At the same time, to achieve maximum erection using intravenous injections with a vasodilator is a sign of the 
veno-occlusive cause, which is independent of both penile stiffness and tumescence. Patients with arterial insufficiency were relatively older than other 
patients. They also had complicated medical conditions for diabetes and hypertension.
Conclusions: Vascular etiologies are important contributors to erectile dysfunction. Arterial insufficiency is suspected with poor blood flow, while veno-
occlusive dysfunction is lower in the face of adequate blood flow and poor erectilesponse.
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Results

The corpora cavernosa are homogeneous and relatively 
hypoechoic cylindrical structures [1] lined with tunica al-
buginea, a thin membrane that has a thickness of approxi-
mately 2 mm when the penis is flaccid and 0.25 mm when it 
is erect [2]. The corpus spongiosum, a ventral, medial body 
that is more echoic than the corpora cavernosa, is also cov-
ered by the tunica albuginea and contains the urethra,it is 
more dilated and prominent in its proximal segment, known 
as the bulb, and in its distal segment, constituting the glans 
[1]. Buck’s fascia is superficial to the tunica albuginea and 
covers all of the structures described. Venous drainage is 
performed by the deep and superficial dorsal veins of the 
penis. The dorsal arteries of the penis are located adjacent to 
the deep dorsal vein and a cavernous artery is located in the 
center of each corpus cavernosum. On color Doppler, the 
cavernous arteries present single-phase flow. In the flaccid 
penis the normal cavernous arteries show a systolic peak be-
tween 11 and 20 cm/s [3]. At the beginning of erection, the 
systolic and diastolic flows undergo progressive increases. 
When vein occlusion begins, the diastolic flow decreases 
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progressively, and once stiffness is established, it becomes 
negative [3].

Psychological factors (mental impulse) cause transmis-
sion of parasympathetic impulses to the penis. This causes 
relaxation of arterioles and corpora cavernosa sinusoids. As 
the sinusoidal spaces start filling, the corporal veno-occlu-
sive mechanism activates, and the fibrous tunica albuginea 
compresses the emissary veins of the corpora, and rigid 
erection is achieved [3, 4].

According to recent studies, on average about 10% 
of men aged 40-70 years have severe or complete erectile 
dysfunction, and about 20–40% – partial erectile dysfunc-
tion [5, 6]. According to the 2018 European Association of 
Urologists (EAU) Guide, up to 12% of the European male 
population up to the age of 40 has a certain degree of erectile 
dysfunction (from minor to severe), after 40 years this figu-
re exceeds 50%. [7]. The prevalence of erectile dysfunction 
(ED) in the Republic of Moldova is significantly higher in 
men over the age of 40–67.4%, compared to men up to the 
age of 40–21.1% [8].

The underlying processes of vascular erectile dysfunc-
tion are arterial insufficiency, venoocclusive disease or a 
combination of both, as well as the Peyronie’s disease and 
priapism [9]. Imaging-directed Doppler ultrasound of the 
cavernous arteries provides a functional and quantifiable 
assessment of the arterial flow of the penis during a phar-
macological erection. A high-frequency transducer (7.5-9.0 
MHz) is used for penile Doppler examination. The patient 
is placed in a supine position and the penis is positioned in 
its anatomical position along the anterior abdominal wall. 
Doppler angle is set at 30-60 degrees. In case of using drugs 
for pharmacological erection, pre-injection and post-injec-
tion measurements are required. Pre-injection measure-
ments: inner diameter of the cavernosal artery (normal va-
lue is 0.3-0.5 mm), baseline peak systolic velocity and end 
diastolic velocity. Corpora cavernosa are localized as two 
well-defined oval compartments with central cavernosal ar-
tery on both sides of the corpus spongiosum (urethra is in 
center of corpus spongiosum). Insulin syringe is used for 
injection under sonographic guidance. Post-injection mea-
surements (at 5, 10, 15, 20 minutes): inner diameter of cav-
ernosal artery (normal value is 0.6-1.0 mm), peak systolic 
velocity, end-diastolic velocity, visual tumescence and erec-
tion. In this sense, this method is superior to arteriography 
as a means of assessing arteriogenic impotence. Maximum 
flow rate, arterial dilation and pulsation of vessels are the 
most reliable ultrasonic indicators of arterial health. It is 
advisable to cease smoking three days prior to the examina-
tion. Medication history and cardiac status should be en-
quired. Aberrant arterial anatomy should be noted, as it can 
significantly contribute to the total blood flow to the penis. 
Recognition of the pathological pattern helps to choose the 
best treatment method [10].

Vidal Moreno in a study of 93 subjects, aged 20 to 66 
years, without vascular disease: 20 healthy volunteers and 
73 with psychogenic dysfunctions, who underwent a refer-
ence study and 89 – a second study after intracavitary injec-

tion (ICI) (10 papaverine and 79 PgE1) showed that subjects 
without vascular disease showed arterial dilation after ICI, 
the vessels appearing with thin and parallel walls, homoge-
neous lumen and following a straight course; subjects with 
arteriogenic problems had thickened walls and an inhomo-
geneous lumen. It is also mentioned that no differences were 
observed between the two drugs [11, 12]. At the same time, 
Yafi FA states that failure to achieve maximum erection us-
ing intravenous injections with a vasodilator is a sign of the 
veno-occlusive cause, which is independent of both penile 
stiffness and tumescence [13].

He ZJ, Cheng M. in a 2006 study of 527 patients who 
were evaluated using color Doppler ultrasonography after 
intracavernous injection of 20 micrograms prostaglandin E1 
revealed 112 patients (26.99%) with nonvasculogenic ED, 
207 patients (49.88%) with arteriogenic ED, 144 patients 
(34.70%) with venogenic ED, and 64 patients (15.42%) with 
mixed ED [13]. He also mentions that patients with arte-
rial insufficiency were relatively older than other patients. 
They also had complicated medical conditions for diabetes 
and hypertension [14]. Golubinski and Sikorski in a similar 
study, using an intracavernous injection of papaverine of 
40 mg analyzed the maximum systolic velocity (MSV), end 
diastolic velocity (EDV) and resistive index (RI). After pa-
paverine injection, 7 patients had a normal erection and ad-
equate waveform patterns; their mean MSV was 30.7 cm/s, 
EDV 4.42 cm / s and RI 0.85; five patients had no erection. 
Abnormal flow values showed insufficient arterial vessels in 
a quarter of men, venous discharge in 15% and mixed ED 
in 20% [15].

Ismail in a study of 21 patients up to the age of 40 de-
scribed that 5 patients had normal findings, while 10 had 
evidence of venous discharge. Five patients had arterial 
insufficiency; of which 3 patients showed calcifications 
of the albuginea tunic, suggesting the Peyronie’s disease. 
Interestingly, one patient showed the characteristics of 
a combined arterial insufficiency and venous discharge. 
Those with arterial insufficiency were relatively older than 
other patients [16].

Two important parameters must be considered for as-
sessing the cause of erectile dysfunction. Peak systolic veloc-
ity is the best Doppler indicator of arteriogenic impotence. 
Its value <30 cm/sec during the examination indicates ar-
terial dysfunction. Some people consider <25 cm/sec as 
definite arterial dysfunction and 25-30 cm/sec as borderline 
case. Less than 60% increase in cavernosal diameter after 
papaverine injection is also an indicator of arterial impo-
tence. End-diastolic velocity is the best Doppler indicator of 
venogenic impotence. Its value >5 cm/sec indicates venous 
dysfunction. A good diastolic reversal virtually rules out ve-
nous insufficiency.

Conclusions

Doppler ultrasonography with intracavernous injection 
of papavarin and prostoglandin E1 shows promises for the 
accurate evaluation of patients with erectile dysfunction. 
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Vascular etiologies are important contributors to erectile 
dysfunction. Arterial insufficiency is suspected with poor 
blood flow and is more common for older male, while veno-
occlusive dysfunction is lower in the face of adequate blood 
flow and poor erectile response and is more common in 
younger men.

References
1. Avery LL, Scheinfeld MH. Imaging of penile and scrotal emergencies. 

Radiographics. 2013 May;33(3):721-40. doi: 10.1148/rg.333125158.
2. Bhatt S, Kocakoc E, Rubens DJ, Seftel AD, Dogra VS. Sonographic evalu-

ation of penile trauma. J Ultrasound Med. 2005 Jul;24(7):993-1000; quiz 
1001. doi: 10.7863/jum.2005.24.7.993.

3. Bertolotto M, Pavlica P, Serafini G, Quaia E, Zappetti R. Painful penile 
induration: imaging findings and management. Radiographics. 2009 
Mar-Apr;29(2):477-93. doi: 10.1148/rg.292085117.

4. Andersson KE, Wagner G. Physiology of penile erection. Physiol Rev. 
1995;75(1):191-236. doi: 10.1152/physrev.1995.75.1.191.

5. Althof SE, Leiblum SR, Chevret-Measson M, et al. Psychological and 
interpersonal dimensions of sexual function and dysfunction. J Sex Med. 
2005;2(6):793-800. doi: 10.1111/j.1743-6109.2005.00145.x.

6. Berglund A, Johannsen TH, Stochholm K, et al. Incidence, prevalence, 
diagnostic delay, morbidity, mortality and socioeconomic status in males 
with 46XX disorders of sex development: a nationwide study. Hum 
Reprod. 2017;32(8):1751-1760. doi: 10.1093/humrep/dex210.

7. European Association of Urology. EAU Male Sexual Dysfunction Guide-
lines 2018. Arnhem: EAU; 2018.

8. Dumbraveanu I. Disfuncția erectilă. Consideraţii epidemiologice, 
medicale și sociale [Erectile dysfunction. Epidemiological, medical and 

social considerations] [dissertation]. Chisinau: Nicolae Testemitanu State 
University of Medicine and Pharmacy; 2019. 243 p. Romanian.

9. LeRoy TJ, Broderick GA. Doppler blood flow analysis of erectile func-
tion: who, when, and how. Urol Clin North Am. 2011;38(2):147-54. doi: 
10.1016/j.ucl.2011.03.003.

10. Connolly JA, Borirakchanyavat S, Lue TF. Ultrasound evaluation of the 
penis for assessment of impotence. J Clin Ultrasound. 1996;24(8):481-486. 
doi: 10.1002/(SICI)1097-0096(199610)24:8<481::AID-JCU8>3.0.CO; 
2-G.

11. Vidal Moreno JF, Moreno Pardo B, Jiménez Cruz JF. Erectile dysfunction 
of arterial origin. Vascular study of the penis with Doppler ultrasonog-
raphy. Actas Urol Esp. 1996;20(5):421-427.

12. Vidal Moreno JF, Moreno Pardo B, Jiménez Cruz JF. Vascular penile 
study with Doppler ultrasonography in subjects without vascular disease. 
Actas Urol Esp. 1996;20(5):414-420.

13. Yafi FA, Libby RP, McCaslin IR, Sangkum P, Sikka SC. Failure to attain 
stretched penile length after intracavernosal injection of a vasodilator 
agent is predictive of veno-occlusive dysfunction on penile duplex 
Doppler ultrasonography.  Andrology. 2015;3(5):919-923. doi: 10.1111/
andr.12073.

14. He ZJ, Cheng M, Zhang K, Jin J. The value of dynamic color duplex 
scanning in the diagnosis of vascular erectile dysfunction. Zhonghua 
nan ke xue [Natl J Androl]. 2006;12(1):62-65.

15. Golubinski AJ, Sikorski A. Usefulness of power Doppler ultrasonography 
in evaluating erectile dysfunction. BJU Int.  2002;89(7):779-782. doi: 
10.1046/j.1464-410x.2002.02711.x.

16. Ismail A, Tabari AM, Alhasan SU, Abdullahi A. Dynamic and morpho-
logic evaluation of erectile dysfunction on penile Doppler sonography 
and contrast cavernosography. Niger J Clin Pract. 2017 Jun;20(6):729-
733. doi: 10.4103/njcp.njcp_158_16.

Author’s ORCID iD and academic degrees
Serghei Toncoglaz, MD, PhD Applicant – https://orcid.org/0000-0001-7103-3289.

Author’s contribution
ST designed the study, drafted the first manuscript and completed the final design.

Funding 
This study was supported by Nicolae Testemitanu State University of Medicine and Pharmacy. The review study was the author’s initiative.

Ethics approval and consent to participate 
No approval was required for this review study.

Conflict of Interests
Author declares no competing interests and no funding support.


