Original Article

DOI: 10.17354/ijss/2015/443

Role of Penile Color Doppler in the Evaluation of

Erectile Dysfunction

Suresh A', Abishek Balachandran?, N Indira3, H V Ramprakash?

'Associate Professor, Department of Radiology, Vydehi Institute of Medical Sciences and Research Centre, Bengaluru, Karnataka, India,
2Assistant Professor, Department of Radiology, Vydehi Institute of Medical Sciences and Research Centre, Bengaluru, Karnataka, India,
3Professor, Department of Radiology, Vydehi Institute of Medical Sciences and Research Centre, Bengaluru, Karnataka, India

Abstract

Background: Color duplex Doppler is a non-invasive tool of evaluation of the vascular mechanism of erectile dysfunction (ED). It
can be used to determine the integrity of the vascular mechanism and to differentiate between arterial and venous insufficiency.

Materials and Methods: An observational study was conducted at the Department of Radiology Vydehi Medical College and
Research Center from June 05, 2013 to September 02, 2015. A total of 33 consecutive patients presenting with symptoms of
ED and undergoing penile color Doppler evaluation with the injection of 2 ml of paperavine were included in this prospective
study.

Results: The baseline diameter of the vessels at pre-injection was <1 mm in 46% of the patients, the majority of the patients
52% showed a baseline diameter of 1-1.5 mm. Post-injection of paperavine the peak increase in the diameter of the vessels
in 43% of the patients showed an increase of <1.5 mm. However, 52% of the patients showed an increase between 1.5 and
2.5 mm. The average peak diameter was 1.71 mm and the P < 0.001, which was significant. 46% patients with low peak
systolic velocity (PSV) values (<25 cm/s) in the cavernosal artery were considered to have arterial insufficiency, 9% (3) of the
patients had an end-diastolic velocity of >5 cm/s had normal arterial function, that is, normal PSV. Adequate arterial inflow, a
short duration erection, with the persistent antegrade flow of >5 cm/s throughout all phases suggestive of venous leak. 42% of
the patients studied where found to be functional where no cause could be ascertained.

Conclusion: When arterial insufficiency is found, patients can be considered to have systemic arteriovascular disease. On the
other hand, veno-occlusive dysfunction is not correlated with systemic arterial vascular problems. In conclusion, investigating of
ED by color duplex Doppler is not time-consuming and may help establish an accurate diagnosis of vascular causes of impotence.
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INTRODUCTION

Erectile dysfunction (ED) is a common health problem
which affects men of various age groups; it affects both
young and middle-aged men. Color duplex Doppler is a
non-invasive tool of evaluation of the vascular mechanism
of ED which can result from psychogenic, endocrinologic,
neurogenic, pharmacologic, and vasogenic causes. Color
duplex Doppler can be used to determine the integrity
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of the vascular mechanism and to differentiate between
arterial and venous insufficiency.

Penile erection is a complex phenomenon, which includes
coordinated interaction of the arterial, venous sinusoidal
and nervous systems. The penile erectile tissue, specifically
the cavernous smooth musculature and the smooth muscles
of the arteriolar and arterial walls, plays a key role in the
erectile process.! A defect or incoordination in any of these
systems may result in ED. ED is defined as the consistent
inability to generate or maintain an erection of sufficient
rigidity for sexual intercourse. Around 10% of men aged
40-70 years have complete, 17.1% have mild, and 25.2%
have moderate amount of ED.

ED is closely linked to the general state of both physical
and psychological wellness. Among the major risk
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factors are heart disease, arterial hypertension, diabetes,
hyperlipidemia, as well as sedentary lifestyle, smoking and
alcohol abuse.” Sexual dysfunction is common in patients
with alcohol dependence. Heavy drinking proportionately
increases the risk.*

The normal chain of events leading to penile erection
begins with psychological factors thatlead to transmission
of parasympathetic impulses to the penis. The walls of
the sinusoids and arterioles of the corpora cavernosa
relax, which leads to an increased inflow of blood via the
cavernosal artery. With filling of the sinusoidal spaces,
corporal veno-occlusive mechanism works. The emissary
veins exiting the corpora are passively compressed against
the fibrous tunica albuginea following which rigid penile
erection is achieved and maintained. Detumescence occurs
due to contraction of trabecular smooth muscle in the
corpora cavernosa after neurological stimulation.*’

ED is caused by the interruption in the chain of events
including psychogenic, neurogenic, arteriogenic, and
venogenic causes. Often more than one cause is combined.
Establishing a specific cause is important particularly in
young men because of the frequency of correctable vascular
abnormalities. Pure arteriogenic impotence accounts for
about 30% of cases, and isolated venogenic impotence is
found in about 15%. Often ED is caused by a combination
of arteriogenic and venogenic causes. Occasionally, organic
impotence is caused by morphological abnormalities of the
penis such as peyronies disease (PD).

Organic etiologies include vascular, neurogenic, PD,
medication side effects and endocrinologic sources.
Vascular causes are commonly due to focal arterial occlusive
disease.’

The cavernosal arteries are the primary source of blood
flow to the corpora cavernosa; the dorsal arteries supply
blood to the skin and glans of the penis. The cavernosal
arteries are connected by multiple anastomotic channels
to the dorsal arteries. Arteriography with selective
internal iliac angiography is considered the gold standard
in the evaluation of arteriogenic impotence. However,
this technique is invasive and therefore not suitable as a
screening examination.” The use of Doppler ultrasound in
the assessment of the penile vasculature was first described
in 1985.7

Penile color Doppler sonography is a valuable method for
evaluating ED and it has become the first line diagnostic
tool in diagnosing vasculogenic impotence.” This method
requires intracorporeal injection of a vasoactive substance
such as papaverine hydrochloride or prostaglandin E1,
however, there are some concerns about the safety of

this method due to the intracorporeal pharmacological
injection, which may cause priapism as a complication,
histological changes and functional impairment resulting
in penile fibrosis.”

In 1982 during a vascular reconstructive procedure,
Ronald Virag noted that an infusion of papaverine into
the hypogastric artery produced an erection. In 1983, a
dramatic demonstration of the efficacy of penile self-
injection was offered by Brindley, who injected himself.'*!!
Virag ez al. showed that precise Doppler sampling and blood
velocity measurements of the deep cavernosal arteries
could be performed before and after intracavernosal
injection of vasodilating agents and 75% increase in vessel
diameter is good indication of normal arterial flow into
the cavernosal artery.>'?

Commonly many investigators use 2 ml solution of
60 mg of papavarine into either the right or left corpus
cavernosum.''* The investigators concluded that a peak
systolic velocity (PSV) of >25 cm/s was normal.>'>'¢
The parameters that indicate the presence of arterial
disease are a subnormal response to vasoactive agents,
a diameter of <60% increase in the cavernosal artery,
and a PSV of the cavernosal arteries <25 cm/s. In the
presence of normal arterial function, Doppler findings
suggestive of an abnormal venous leak are persistent
end-diastolic velocity (EDV) of the cavernosal artery
>5 cm/s and demonstration of flow in the deep dorsal
vein. The development of Diastolic flow reversal after
an injection has been found to be a reliable indicator of
venous competence.”’

MATERIALS AND METHODS

An observational study was conducted at the Department
of Radiology, Vydehi medical college and research center
from July 05, 2013 to September 02, 2015. Informed consent
was obtained from all patients prior to participation. A total
of 33 consecutive patients presenting with symptoms of
ED and undergoing penile color Doppler evaluation with
the injection of 2 ml of paperavine were included in this
prospective study.

Exclusion Criteria
Patients with heart diseases, known case of PD and patients
with history of drug allergy were excluded from the study.

A gray scale ultrasound was performed in transverse and
the longitudinal sections to see any plaque or any other
abnormality. A brief history of the patient was taken with
adequate privacy and in a quiet environment to allay patient
anxiety as much as possible. The study was performed
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by one of two experienced radiologists. All studies were
performed on a Philips HD7 ultrasound machine with
LL12-3 broadband linear array high-frequency transducer
(12-13 MHz frequency range) was used. Doppler was
performed with the patient supine and the penis in the
anatomical position, lying on the anterior abdominal
wall. The following protocol for penile Doppler US was
followed. Factors such as accurate gate placement, sampling
and angle correction were optimized for consistent and
reproducible results. Cavernosal artery spectral waveform
was measured at the base of the penis as angle correction
is optimal, and the velocities are highest here.

Intracavernosal injection of 2 ml of paperavine witha 28 G
needle under ultrasound guidance and aseptic precautions
close to the base of the penis was done and massaged in.
The peak systolic and EDV measurements were obtained in
the right cavernosal artery at 5 min intervals for a total of
30 min. The systolic velocity of <25 cm/s was used as the
threshold for arterial insufficiency. An EDV of >5 cm/s
was used to predict venous incompetence (Figures 1,2).
Erection was graded at a 10 min as follows: 1 - no erection;
2 - slight tumescence; 3 - full volume without rigidity;
4 - incomplete rigidity but sufficient for sexual intercourse;
and 5 - full erection with unbending rigidity."""”

RESULT AND DISCUSSION

An observational study was carried out at the Department
of Radiology in Vydehi Institute of Medical Sciences
and Research Centre, Bengaluru, Karnataka, India. The
statistical analysis was carried out using the IBM SPSS
version 22 (SPSS Inc., Armonk, NY, USA).

In this study, the 23 patients (69.7%) were referred for penile
Doppler investigation from the Department of Urology - U,
7 (21.2%) patients from Department of Psychiatry —
Pand, 3 (9.1%) patients from the Department of General
Medicine - M respectively (Graph 1). The age distribution
of the patients studied was from 18 to 58 years, majority
of the patients studied were in the 3" decade (Graph 2).
23 (70%) patients out of a total of 33 patients were martied
(Graph 3). Age distribution of patients studied (Table 1).

Personal habits of 33 patients studied showed a significant
73% of the patients were smokers (Graph 4), a study
by Austoni ez al. showed a dose - and duration-response
relationship between smoking and erectile dysfunction.'®
Another population-based cross-sectional study of 1580
participants study by Chew e/ a/. compared non-smokers,
former smokers and smoker and found smokers to have
significantly higher odds of ED."” A study by Wu ¢# a/. of
2686 Chinese men revealed smokers who smoked 220
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Figure 1: Normal peak systolic velocity of >35 cm/s with end
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Graph 1: Patients referred from various dept.’s

cigarettes daily had a significantly increased risk of ED
than never smokers the study also revealed heavy smoking
might cause ED and that the duration of the habit increases
the risk of ED.* Furthermore, our study highlights the
potential interaction of smoking with ED.
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Graph 3: Marital status of patients studied

A significant 61% of patients were found to have a history
of alcohol intake. A study by Dachille ¢ a/. demonstrated
a significant relationship between alcohol consumption

and ED (Table 2).

60% of the patients had a history of consumption of pan
masala, a recent animal experimental study by Nigam and
Venkatakrishna-Bhatt on the effect of blended tobacco
products on the reproductive system of mice showed a
significant adverse effects on the reproductive system.”
There are no studies on humans correlating consumption
of pan masala with ED. In the present study, we found
majority of patients who were addicted to pan masala
developed ED in due course of time.

Only 6 (19%) patients had a history of hypertension, none
of the patients studied had a history of diabetes mellitus.
In the second Princeton consensus, Jackson ez a/. concluded
that a man with ED and no cardiac symptoms is a patient
with cardiac (ot vascular) disease until proven otherwise.”

The base-line diameter of the vessels at 0 min post-
injection was <1 mm in 46% of the patients studied, the
majority of the patients 52% showed a baseline diameter
of 1-1.5 mm. One patient had a baseline diameter of
more than 1.5 mm. Post-injection of paperavine the peak
increase in the diameter of the vessels in 43% of the
patients showed an increase of <1.5 mm. However, 52% of
the patients showed an increase between 1.5 and 2.5 mm.
Two patients showed an increase more than 2.5 mm
(Table 3). The average peak diameter was 1.71 mm and
the P < 0.001which was significant (Table 4). A study by

Table 2: Relationship between alcohol consumption
and ED

Number of patients (n=33) Percentage
Smoking 24 72.7
Pan masala 20 60.6
Alcohol 20 60.6

Smoking

Pan Masala Alcohol

Habits

Graph 4: Personal habits of patients studied

Table 1: Age distribution of patients studied

Age in years Number of patients Percentage
<20 1 3.0
20-30 8 24.2
31-40 17 51.5
41-50 4 12.1
>50 3 9.1
Total 33 100.0

Table 3: The base-line diameter of the vessels
immediately after injection of paperavine

Number of patients (n=33) Percentage
Base line diameter
of vessel (mm)
<1 15 45.5
1-1.5 17 51.5
>1.5 1 3.0
Increase in diameter
after injection (mm)
<1.5 14 42.4
1.5-25 17 515
>2.5 2 6.1

Mean+£SD: 36.12+8.41, SD: Standard deviation

Base line diameter of vessel (mm)/increase in diameter after injection (mm)
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Acharya and Vasu showed the post-injection mean diameter

was 1.0 mm,* howevet, our study found a mean increase
of 1.7 mm (Graph 4).

In our study, the PSV was graded as Grade I: <25 cm/s,
Grade IT: 25-30 cm/s, and Grade I1T: >30 cm/s. The EDV
was graded as <5.0 cm/s and above >5.0 cm/s (Table 5).
In our study, we used the PSV as the reference standard
to diagnose arteriogenic impotence. In our study, 46%
patients with low PSV values (<25 cm/s) in the cavernosal
artery were considered to have arterial insufficiency
(Figures 3-10). We found that reversal of flow inis a clue to
the diagnosis of arteriogenic impotence. However, in case
of patients with PSV values of more than 30 cm/s, this
finding contributed little to the diagnosis of arteriogenic
impotence (Table 6).

In men with veno-occlusive disorder, the usual criterion
for diagnosing veno-occlusive dysfunction has been an
EDV >5 cm/s.'%* Again, vatious threshold EDV values
have been suggested between 5 and 7 cm/s as diagnostic
of venous incompetence.”** However, such threshold
values for EDV can be misleading if arterial insufficiency is
present. This observation was not confirmed in all studies,
and there is a poor correlation of color Doppler ultrasound
findings and veno-occlusive dysfunction when diagnosis
was made. In our study, 9% (3) of the patients had an
EDV of >5 cm/s had a normal arterial function, that is,

Table 4: Peak increase in the diameter of the
vessels post-injection of paperavine

Variables Baseline After Difference tvalue P value
injection
Diameter of 1.05+0.33 1.71+0.55 0.65 11.033 <0.001**

vessel (mm)

Base line diameter of vessel (mm)/increase in diameter after injection (mm), ** P<o.01

Table 5: Grading of PSV

Number of patients (n=33) Percentage

Max PSV cm/s

<25 15 455

25-30 1 3.1

>30 17 51.5
Max EDV cm/s

<5.0 30 90.9

>5.0 3 9.1

Max PSV cm/s, Max EDV cm/s, PSV: Peak systolic velocity, EDV: End-diastolic velocity

Table 6: Total cases of arterial insufficiency and
venous insufficiency

Insufficiency Number of patients (n=33) Percentage
Arterial insufficiency 16 48.5
Venous insufficiency 2 6.1

normal PSV (Graph 9). Adequate arterial inflow, a short
duration erection, with the persistent antegrade flow of >5
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Figure 3: Pre-injection calipers showing the baseline diameter
of vessels
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Figure 4: Arrow showing the intracaversonal injection of
papavarine
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Figure 5: Doppler evaluation in demumiscent srtage showing
monophasic waves with low peak systolic velocity of <5 cm/s.
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Figure 6: Post-intracavernosal injection of papaverine, calipers
revealing increase in diameter of intracavernosal vessel
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Figure 7: Post-injection showing monophasic waves with low
peak systolic velocity of 5 cm/s with minimal diastolic flow
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Figure 8: 10 m post-injection showing low peak systolic
velocity of 10 cm/s with diastolic flow of <5 cm/s

cm/s (angle corrected) throughout all phases suggestive of
venous leak (Figures 11-19). In 42% of the patients studied
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Figure 9: 15 m post-injection showing low peak systolic
velocity of 15 cm/s with diastolic flow of <5 cm/s
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Figure 10: 25 M post-injection showing low peak systolic
velocity of 15 cm/s with diastolic flow reversal. Interpretation:
This patient the study revealed no significant increase in the
diameter of cavernosal vessel following papaverine injection

and following papaverine injection the maximum peak systolic
velocity remained <15 cm/s with diastolic flow reversal,
suggesting arterial insufficiency
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Figure 11: Baseline arrows indicating right and left corpus
cavernosa
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Graph 7: Base line diameter of cavernosal arteries before and
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the vasculogenic cause could not be identified and where
found to be functional (Graphs 5-8,10,11) (Table 7).

Base line diameter of the vessel at the time of injection
was 1.05 £ 0.33 mm with an increase in diameter after
injection to 1.71 £ 0.55 mm, The P value obtained was
<0.001 which was statically significant.
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Graph 9: Percentage of patients with venous insufficiency
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Graph 10: Percentage of patients with arterial and venous
insufficiency

Table 7: Number of patients with functional

60 - insufficiency
50 - Functional Number of patients Percentage
@ 40 - Nil 19 57.6
g Yes 14 424
530 - Total 33 100.0
& 20 -
10 e Table 8: Number of patients with complications
0 T T Complications Number of patients Percentage
<25 : 25-30 : >30 Nil 31 93.9
Max PSV cms/sec Priapiasm 2 6.1
Graph 8: Percentage of Max PSV recorded Total 3 1000
29
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45% (15) of the patients had a Max PSV <25 cm/s were  52% (17) of the patients had a Max PSV >30 cm/s were
considered to have arterial insufficiency (Graph 10),  considered normal (Graph 11).

Complication of priapism was found in 2 patients (Table 8).
18% of the patients studied had hypertension, 30 out of
33 patients had a history of mixed diet.
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Graph 11: Percentage of patients with functional and
vasculogenic causes of ED
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Figure 12: After injection arrow indicating intracavernosal 10 MIN
injection of papaverine
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Figure 13: After injection, the calipers showing increase in
diameter of cavernosal artery Figure 16: 15 min post-injection
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diastolic reversal
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suggesting venous insufficiency. Interpretation of Figures
11-18: There is a normal increase in the baseline diameter
of the vessel post-papaverine injection with normal peak
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Suggesting venous insufficiency
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Figure 19: 35 min

Complications

94% of the patient studied did not show any complications
(Table 8); however, 2 cases out 33 patients showed
priapism our findings are similar to a study by Kilic e# a/.
where complication of priapism were noted in 18 of the
672 patients studied.” The two patients who developed
priapism were during the initial part of the study further
in the due course of our study to prevent delayed
priapism we routinely injected 2 ml of 1:10000 dilution
of phenylepinephrine intracavernosally. Both the cases of
priapism did not show any arterial or venous insufficiency.

CONCLUSION

When arterial insufficiency is found, patients can be
considered to have systemic arteriovascular disease. On the
other hand, veno-occlusive dysfunction is not correlated
with systemic arterial vascular problems. In conclusion,
investigating the hemodynamics and direction of flow in
the cavernosal artery by color duplex Doppler for ED is
not time-consuming and may help establish an accurate
diagnosis of vascular causes of impotence.
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