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Objectives: Arteriogenic erectile dysfunction (ED) is a target organ disease of atherosclerosis,
and therefore might be a predictor of systemic atherosclerosis. Being systemic, it might be
possible to evaluate the extent of atherosclerosis from retinal vascular findings. We investigated
the possible correlation between penile cavernosal artery blood flow and retinal vascular findings
in patients with arteriogenic ED.
Patients and methods: Sixty patients with ED were divided according to the peak systolic
velocity (PSV) in their penile cavernosal arteries into two groups; Group A included 30 patients
with PSV less than 25 cm/sec, and Group B included 30 patients with PSV more than 35 cm/sec.
Blood flow in the penile cavernosal artery was measured with color Doppler ultrasonography.
All patients were assessed by ocular fundus examination under amydriatic conditions to evaluate
retinal vascular atherosclerotic changes using Hyman’s classification.
Results: Evidence of retinal vascular atherosclerotic changes was found in 19 patients (63.3%)
in Group A and in 10 patients (33.3%) in Group B.
Conclusions: Our study confirms the possibility of predicting penile arterial vascular status
in patients with ED from their retinal vascular findings by using amydriatic simple, practical
funduscopy.
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Erectile dysfunction (ED) is a prevalent condition that affects more than 150 million
men worldwide, and is predicted to double within the next 20 years.1 Although ED
was previously considered to be primarily psychogenic, recent research elucidating the
physiology of penile erection, as well as the pathogenesis of ED shows accumulating
evidence that ED should be considered as a vascular disorder.2
Atherosclerosis and ED not only share common risk factors, including dyslipidemia
and cigarette smoking, but also show obvious coassociation with various cardiovascular
and systemic vascular diseases, including coronary artery disease, hypertension,
diabetes mellitus (DM), and peripheral and cerebrovascular diseases.3–5 Additionally,
arteriogenic ED is identified as a marker for silent vascular disease and a predictor of
systemic atherosclerosis.6–11
Atherosclerosis is a systemic disorder that uniformly affects the vascular system,
even though clinical manifestations rarely appear simultaneously in different vascular
beds in the same patient due to the different sizes of the arteries supplying different
organs. In addition, endothelial dysfunction is associated with impaired release and
activity of nitric oxide.12,13
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Retinal blood vessels are one of the most superficial
branches of the vascular tree, and pathological changes in
these vessels can be easily seen and recorded by funduscopy,
which affords a unique opportunity for noninvasive assessment
of the systemic microcirculation in large populations.14–16
Retinal microvascular abnormalities, such as retinal arteriolar
narrowing and retinopathy, have been associated with
systemic vascular disorders, including hypertension, metabolic syndrome, Type 2 DM, and cardiovascular diseases,
suggesting it is a marker of atherosclerosis.17–20
Ocular funduscopy allows direct visualization of the

retinal vasculature, and accordingly can be used routinely
as a diagnostic tool for atherosclerosis, not only by
ophthalmologists but also by primary care physicians.21
We investigated the possible correlation between penile
cavernosal artery blood flow and retinal vascular findings in
patients with arteriogenic ED.

Patients and methods
The research followed the tenets of the Declaration of
Helsinki, and informed consent was obtained from patients
to whom all details of the procedure were explained, with
emphasis on the intended outcome. The research was
approved by our institutional review board.
The study included 60 patients with ED recruited from
the Andrology and Sexology Outpatient Clinic of the Cairo
University Hospital. ED was defined as an inability to achieve
or maintain an erection adequate for sexual intercourse for
at least six months.22 All patients completed the validated
Arabic translation of the International Index of Erectile
Function (IIEF-5) questionnaire.23 ED was diagnosed in
patients having an IIEF-5 score of ,21.24
Exclusion criteria included diminished sexual desire,
hypogonadism, hyperprolactinemia, Peyronie’s disease, ED
due to anatomical penile deformities, previous spinal cord
injury, previous radical prostatectomy, any substance abuse
disorders, a psychiatric history with or without medications,
and DM (to avoid diabetes-specific retinopathies confounding our findings).
A medical, surgical, and psychosexual history was taken
from all patients, and a detailed physical examination was
performed. All patients were given an intracavernous injection of 20 µg prostaglandin E1, and were then evaluated by
penile dynamic duplex study using color ultrasound with a
7.5 mHz linear array transducer having a color flow-mapping
capability (Esaote Biomedical AU3, Italy).
The peak systolic velocity (PSV) of the penile cavernosal
arteries was used to classify patients into two groups,
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ie, Group A which included 30 patients with PSV less than
25 cm/sec, and Group B which included 30 patients with
PSV more than 35 cm/sec.
The same ophthalmologist carried out the fundus examination in all 60 patients to avoid interobserver variability. In
addition, the ophthalmologist was masked as to the nature
of the patient’s andrological condition. Fundus examination
was carried out using a 90 diopter indirect ophthalmoscopy
lens, in conjunction with the slit lamp. This provided strong
illumination, magnification, and stereoscopic view. Dilation with 1% tropicamide was only performed when media
opacity or lack of patient cooperation prevented thorough
and proper fundus examination. Fundus photography was
only performed to document the findings in some cases,
and was not used routinely. Evaluation of retinal vascular
atherosclerotic changes was listed according to Hyman’s
classification.25
Descriptive statistics (mean and standard deviation) were
used for summarizing quantitative data, while percentages
were used for qualitative data. Statistical analysis was performed using the chi-square test and the independent t-test.
The 95% confidence interval (CI) was calculated. Significance was set to P , 0.05. All statistical calculations were
done using computer program SPSS (Statistical Package for
the Social Science: SPSS Inc, Chicago, IL).

Results
The present study was carried out in 60 ED patients who
were further divided into two groups according to their
PSV determined by penile duplex study. Group A included
30 patients diagnosed as having arteriogenic ED (PSV less
than 25 cm/sec), and Group B included 30 patients diagnosed
as having nonarteriogenic ED (PSV more than 35 cm/sec).
The age (mean + SD) of Group A patients was 50.83 ± 8.98
years, and for Group B patients was 46.07 ± 11.11 years. There
was no statistical difference in age between the groups.
The clinical characteristics, hemodynamic values, and funduscopic findings for both groups are shown in the Table 1.
On analyzing our data, highly significant differences were
found in both groups for right and left PSV and IIEF-5 scores.
The same differences for right and left PSV and IIEF-5 scores
were found between smokers and nonsmokers, and between
hypertensive and normotensive subjects.
Funduscopic findings showed that 32 ED patients had
normal retinal vasculature, while 29 had abnormal retinal
vascular findings (27 Grade I and two Grade II). Abnormal
retinal vascular findings were detected in 63.3% (19/30)
of patients with arteriogenic ED (Group A), while only
Clinical Ophthalmology 2010:4
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Table 1 Data of the studied groups (mean ± SD, range)

Group A (n = 60)
Group B (n = 40)
Hypertensives
Group A (n = 22)
Group B (n = 8)
Normotensives
Group A (n = 38)
Group B (n = 23)
Smokers
Group A (n = 28)
Group B (n = 14)
Nonsmokers
Group A (n = 23)
Group B (n = 26)
Funduscopy
Group A
Normal (n = 22)
Affected (n = 38)
Group B
Normal (n = 28)
Affected (n = 12)

Total IIEF-5

Right PSV
(cm/sec)

Left PSV
(cm/sec)

Right EDV
(cm/sec)

Left EDV
(cm/sec)

6.7 ± 1.82
(3–11)
10.73 ± 2.84*
(6.0–18.0)

19.1 ± 3.39
(12.0–24.0)
48.57 ± 10.98*
(36.0–76.0)

18.57 ± 3.88
(12.0–24.0)
49.83 ± 11.37*
(36.0–76.0)

8.43 ± 5.1
(1–24)
3.77 ± 1.83*
(1.0–7.0)

8.87 ± 5.55
(1.0–29.0)
3.3 ± 2.1*
(1.0–8.0)

6.36 ± 1.03
10.83 ± 4.31*

17.36 ± 1.29
38.67 ± 2.16*

15.82 ± 2.44
42.67 ± 6.53*

3.18 ± 1.78
5.67 ± 1.2*

2.18 ± 1.6
7.0 ± 2.37*

6.89 ± 2.16
10.71 ± 2.48*

20.1 ± 3.83
51.04 ± 10.9*

20.16 ± 3.7
38.67 ± 11.7*

9.13 ± 5.4
4.11 ± 1.82*

9.33 ± 6.04
3.95 ± 2.1*

6.86 ± 2.14
10.91 ± 2.17*

18.43 ± 2.56
45.45 ± 8.12*

17.64 ± 3.48
47.64 ± 10.72*

7.27 ± 3.07
3.29 ± 1.98*

7.82 ± 3.06
2.64 ± 2.2*

6.56 ± 2.1
10.63 ± 3.22*

19.69 ± 3.2
50.37 ± 12.2*

19.38 ± 2.8
51.1 ± 11.8*

9.1 ± 5.9
4.19 ± 1.1*

9.47 ± 6.59
3.88 ± 1.4*

6.55 ± 2.02
6.79 ± 1.75*

22.73 ± 1.42
17.0 ± 2.2*

22.82 ± 1.33
16.1 ± 2.42*

4.0 ± 2.0
3.63 ± 1.74*

4.1 ± 2.1
2.8 ± 2.0*

11.2 ± 3.13
9.80 ± 1.93*

53.6 ± 10.1
38.5 ± 1.84*

54.8 ± 10.8
39.9 ± 2.4*

5.55 ± 1.6*
9.9 ± 5.6*

6.0 ± 1.9*
10.3 ± 6.2*

Abbreviations: IIEF-5, score of the international index of erectile function questionnaire; PSV, peak systolic velocity; EDV, end diastolic velocity.
*
Statistically significant.

33.3% (10/30) of Group B patients showed retinal vascular
abnormalities on funduscopic examination.
Among ED patients with normal retinal findings, the
mean (SD) right and left PSV and IIEF-5 scores were 22.73
(1.42), 22.82 (1.33), and 6.55 (2.02) for Group A, and 53.6
(10.11), 54.8 (10.8), and 11.2 (3.14) for Group B patients,
respectively. However, in ED patients with abnormal retinal
findings, the mean (SD) right and left PSV and IIEF-5 scores
were 17 (2.16), 17.11 (2.42), and 6.79 (1.75) for Group A,
and 38.5 (1.84), 39.9 (2.42), and 9.8 (1.93) for Group B
patients, respectively. Furthermore, a highly significant difference was detected in patients with normal and abnormal
retinal findings within the same group for right and left PSV
and IIEF-5 scores.

Discussion
ED is increasingly recognized as a neurovascular phenomenon
which is particularly vulnerable to circulatory disturbances.
Recent research provides accumulating evidence of the role
of ED as a common precursor of systemic atherosclerosis,26
as well as highlighting its role in predicting cardiac and systemic vascular disorders.5–9,11 Atherosclerosis is a systemic
disorder, however its clinical manifestations show an ordered
progression, and recognition of atherosclerotic changes in
Clinical Ophthalmology 2010:4

one organ can predict the next organ likely to be affected.26
The retina provides a window of opportunity to study the
human circulation. Retinal arterioles can be visualized easily
and noninvasively, and have anatomical and physiological
characteristics similar to those of the cerebral and coronary
microcirculations, to the extent that the recognition of hypertensive retinopathy plays an important role in cardiovascular
risk stratification of hypertensive patients.25
In the present study, abnormal retinal vascular findings
were detected in 63.3% of arteriogenic ED patients, which
is a significantly higher prevalence than the 33.3% of ED
patients with normal penile cavernosal arterial blood flow.
This suggests that the penile vascular bed represents a target
organ for atherosclerosis, adding to the evidence of the close
relationship between ED and systemic vascular diseases.
Similarly, the retinal microvascular circulation represents
another target for atherosclerotic abnormalities, including
retinal arteriolar narrowing and retinopathy, which shows an
association with many systemic vascular disorders, including
hypertension, DM, and cardiovascular disease.17–20 In our
study, the mean right and left PSV and IIEF-5 scores were
significantly lower in arteriogenic ED patients with retinal
involvement than those of the nonarteriogenic ED group
(P , 0.01).
submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

1049

Dovepress

Emarah et al

Smoking is one of the main risk factors implicated in
the pathogenesis of both ED and systemic atherosclerotic
vascular disease.27 In our study, smokers represented 46.7%
of arteriogenic ED patients compared with 36.7% of the
nonarteriogenic group. In 2003, Kawanishi et al failed to
find a significant effect of cigarette smoking on cavernosal
or fundus artery findings, attributing this to the difficulty in
measuring exposure to cigarette smoking.14 However, the
right and left PSV and IIEF-5 scores of our patients were
significantly different between smokers and nonsmokers
(P , 0.01).
Similarly, our data revealed highly significant differences
in right and left PSV and IIEF-5 scores between hypertensive
and normotensive ED patients. This observation differs from
that of Kawanishi et al who found that hypertension was not
a significant factor for retinal findings or cavernosal arterial
status, stating that all the hypertensive patients in their study
had adequately controlled blood pressure.14
Although the various clinical classifications of retinal
vascular f indings remain controversial, funduscopic
assessment of retinal vascular abnormalities is still the only
clinical tool that can detect arteriolar abnormalities.28,29 In
spite of the existence of several classifications of hypertensive
retinopathy, their relevance to current clinical practice is
still questionable. The major criticisms are that they do not
enable the clinician to distinguish between low retinopathy
grades and that these retinopathy grades failed to be closely
correlated with the severity of hypertension.1,30–33 Hence
we chose to use the Hyman’s classification which clearly
distinguishes between retinal vascular abnormalities on the
basis of localized constriction, arteriolar stenosis or nicking,
hemorrhage, exudates, and disk edema.25
Although we totally agree with studies showing that
signs of hypertensive retinopathy can be reliably identified with a standardized examination of photographs of
the fundus, we believe that these systems might introduce
errors of their own because they are highly sophisticated
methods that rely on highly specialized and adequately
trained ophthalmologists.34,35 However, even if such software
becomes widely available, it is expensive and therefore puts
a burden on struggling economies. Hence our decision was to
rely on readily available ophthalmic equipment that is more
economical and serves as a simple, practical, acceptable,
noninvasive screening tool for large populations, and can
be used even by primary care physicians. Additionally, this
method would be more economical in developing countries
for investigating patients seeking medical advice for ED,
where it would be unacceptable to involve them in expensive,
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time-consuming, and invasive investigations for screening
purposes.
Our study suggests the possibility of correlating penile
arterial vascular status in patients with ED with retinal
vascular findings by using amydriatic funduscopy, which is
a simple practical method.
Arteriogenic ED is a target organ disease of atherosclerosis
that adds to the evidence of a close relationship between ED
and cardiovascular diseases.
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