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Abstract. – AIM: Our aim is to introduce the
cavernous artery ondulation index (CA-OI) as a new
parameter that could be accepted as an indirect in-
dicator of vascular hemodynamics and also gives
us information about the efficiency of erection.

PATIENTS AND METHODS: A total of 27 pa-
tients with erectile dysfunction were evaluated
with penile Doppler ultrasonography (PDUS). Af-
ter injection of papaverine intracavernously, ar-
terial diameter and peak-systolic and end-dias-
tolic velocities were measured. For measuring at
a standart time, five minutes after injection, bilat-
eral cavernosal arteries were examined and gray
scale and color Doppler US images through the
long axis were recorded at the mentioned phas-
es. Cavernosal artery ondulation index (CA-OI)
showing the amount of ondulation was calculat-
ed for each subject using these images.

RESULTS: In 9 of total 27 patients, erection
could not pass the tumescence phase with 3
flaccid phases, while the remaining 18 had full
erection. Mean CA-OI values were measured as
2.51±0.37 mm, 3.15±0.38 mm, and 2.68±0.09 mm
in normal, arterial insufficiency and venous in-
sufficiency groups, respectively.

CONCLUSIONS: It is possible to differentiate
the arterial insufficiency by using the cut-off val-
ue of CA-OI ≥≥ 2.5 values as a criteria.

Key Words:
Impotence, Arterial insufficiency, Venous insufficien-

cy, Penile Doppler ultrasonography, Cavernosal artery
ondulation index, CA-OI.

Introduction

Erectile dysfunction (ED) has been defined as
persistent inability to attain and maintain an erec-
tion, sufficient to permit satisfactory sexual per-
formance1. Symptoms must be persistent for a
minimum of 3 months to define it as an erectile
dysfunction. Erectile dysfunction is an important
health problem that effects the self-confidence,
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social relationships and even work performance
of the person. The first large scale, community-
based study of ED was the Massachusetts Male
Aging Study (MMAS)2. In this study the preva-
lence of ED was reported as 2.6%. In another
study the prevelance of ED was reported as 52%
in non-institutionalized 40- to 70-year-old men in
the Boston area in the USA3. If it is considered
that only a small percent of the cases are admit-
ting to the physician, because of social and psy-
chological reasons, the real prevalence and impor-
tance of the disease would be better understood.

The diagnosis and treatment of erectile dys-
function has changed dramatically since the
availability of safe and effective oral drugs. But
some of the patients with ED could not be ade-
quately treated with these medications, and
might require more invasive tests for accurate di-
agnosis and treatment of the specific etiology.
The main purpose of all these tests is to distin-
guish organic from neurological and/or psycho-
logical types of ED. Precise diagnosis of arterial
insufficiency and venoocclusive failure is very
important to permit an accurate and specific
treatment. Color Doppler Ultrasonography is a
valuable, informative and minimally invasive
tool in the diagnosis of ED4. Although the diag-
nostic accuracy of arteriography, cavernosome-
try and cavernosography is greater, these tests
are expensive, rather invasive, technically diffi-
cult and uncomfortable procedures with poten-
tial associated morbidities5-7. However, it is im-
portant to know the limitations and technical pit-
falls of each study. Although the methodology of
penile Doppler ultrasound is widely used and
well accepted, a lack of agreement about validity
of parameters that has been measured still exists.
We aimed to evaluate the role of “cavernosal
artery ondulation index-CA-OI” as a new distin-
guishing parameter for the diagnosis of arterial
insufficiency.
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Figure 1. Color Doppler images of cavernous arteries in two different cases. Color Doppler image of an undulating (a) and pow-
er Doppler image of a flattened (b) trase of the related arteries. CA-OI = 3.1 of first case in a represents severe tortuosity, and
CAOI = 2.2 for the other image shows less tortuous course of the examined cavernous arteries. And also it has been seen that the
color aliasing in (a) which was related with the turbulence due to the zigzag flow. Whereas the flow in (b) shows laminary pattern.

Patients and Methods

In this prospective study, 27 patients who were
referred from Urology Clinic for penile Doppler
ultrasound (PDUS) because of erectile dysfunc-
tion were included. The mean age was 38 years
(range 29-62 years). Institutional Review Board
approval and informed consents of all the cases
were obtained for this study, before injection. An
intracavernous injection of papaverine (1 mg per
age in years) was performed with 30 gauge thin
needle in all subjects. All patients were evaluated
with gray scale US and color Doppler ultrasound
(CDUS) (GE Logic 9 Ultrasound Imager Mil-
waukee, WI, USA) just before injection and 1, 5,
15, 20 minutes after injection and the images
were recorded. A 7.5 mHz linear transducer was
used for the Doppler US examinations. The de-
gree of erection was classified into flask erection,
tumescence, full erection, rigid erection and de-
tumescence phases by an urologist. Spectrum
pattern, peak systolic velocity (PSV), end dias-
tolic velocity (EDV) values and compliance were
measured with conventional penile Doppler ul-
trasound 5 minutes after pharmacological stimu-

lation for each subject. Afterwards, right and left
cavernosal arteries were visualized parallel to
their longitudinal axis and the images were
recorded. These images on the longitudinal axis
were evaluated in an electronic medium and on-
dulation indexes for each case were calculated on
digital images (Figure 1). Also compliance val-
ues were calculated for each artery from the
views taken before and after (at the 3rd minute)
pharmacologic stimulation at a standart point
(the intersection point of 2/3 anterior and 1/3
posterior segment of the cavernous body). The
compliance ratios and CA-OI values were shown
in Table I.

Spectral peaks were obtained via a window
placed with a 45-degree Doppler angle to the
curve point of cavernosal arteries near radix pe-
nis at 1, 5, 15 and 20 minutes after injection and
then PSV and EDV were calculated and record-
ed. Patients who had full or rigid erection, PSV
≥35 mm/sn, 0 mm/sn EDV (or retrograde end-di-
astolic flow), persistent erection more than 3
minutes, 60% or greater compliance ratios were
evaluated as normal regarding the vascular hemo-
dynamics. The subjects with insufficient erection
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which could not pass the tumescence phase, and
cases with normal PSV but with high EDV
(greater than 5 cm/sec) antegrade end diastolic
flow accepted as to have veno-occlusive failure.
Patients with insufficient erection which could
not pass the tumescence and subjects with peak
systolic velocities smaller than 25 cm/sec were
accepted as having arterial insufficiency. 

All measurements were performed by the
same radiologist who experienced in penile
Doppler imaging, using the same equipment, set-
tings. Gray scale images, index measurements,
index values and statistical evaluations were veri-
fied by another radiologist. 

Statistical Analysis
Data was analyzed using SPSS for Windows

version 15.0 (SPSS Inc., Chicago, IL, USA). The
fitting to normal distribution of our population
was shown with Kolmogorov Smirnov test (p >
0.05). The study groups were analyzed with
ANOVA and Bonferroni tests (a kind of post hoc
test). Mann-Whitney U test was added to statisti-
cal analysis because of low patient number and
finally a p < 0.05 significance with 95% confi-

dent interval was achieved. Using the sensitivity
and specifity values ROC curve was generated
and area under curve measured. 

Results

In 9 among 27 patients erection could not pass
beyond the tumescence phase (in 3 subjects the
penis was flaccid), while the remaining 18 had
either full (n=11) or rigid (n=7) erection. Three
of 9 patients that had deficient erection were
evaluated as venous insufficiency with a ≥6
cm/sec antegrade persistence of end diastolic
flow. The other 6 patients with PSV ≤ 25 cm/sec
were evaluated as arterial insufficiency.

Spectral examination was in normal limits in
other subjects who did not have erectile disorder.
In all these 18 subjects the PSV values were > 35
cm/sec, and except for one patient whose EDV
was measured zero, the rest had EDV values
changing between -3 and -9 cm/sec in retrograde
direction. The radiological diagnosis of all the
subjects was also in harmony with and confirmed
by urological examination and clinical evaluation.

Number A b CA-OI (a/b) Compliance (%) Patient

1 2.2 1.0 2.2 71 Normal
2 2.6 1.3 2 68 Normal
3 3.2 1.4 2.28 71 Normal
4 2.6 1.1 2.36 80 Normal
5 2.8 1.1 2.54 77 Normal
6 3.1 1.2 2.58 66 Normal
7 2.7 1.3 2.07 61 Normal
8 2.9 1.2 2.41 76 Normal
9 2.8 1.1 2.54 72 Normal

10 2.2 1.1 2.0 65 Normal
11 3.2 1.3 2.46 63 Normal
12 3.1 1.2 2.58 68 Normal
13 2.6 0.9 2.84 61 Normal
14 2.1 0.8 2.62 62 Normal
15 2.7 1.1 2.45 78 Normal
16 3.6 1.4 2.57 70 Normal
17 3.2 0.9 3.55 66 Normal
18 3.6 1.2 3.0 61 Normal
19 3.1 1.1 2.82 49 Arterial insufficiency
20 3.3 1.0 3.0 51 Arterial insufficiency
21 3.7 1.2 3.08 53 Arterial insufficiency
22 3.9 1.0 3.90 42 Arterial insufficiency
23 2.7 0.9 3.0 49 Arterial insufficiency
24 3.4 1.1 3.09 47 Arterial insufficiency
25 2.8 1.3 2.65 61 Venous incompetence
26 2.6 1.0 2.6 63 Venous incompetence
27 3.3 1.2 2.78 59 Venous incompetence

Table I. For all of the subjects, calibration of tortuosity (a value), artery calibration (b value), cavernous artery ondulation in-
dex (CA-OI value) and compliance values are given in detail.
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The confirmation of our quantitative measure-
ments was also performed with the aid of statisti-
cal data, provided by compliance index measure-
ments, besides clinical urologic evaluation. The
CA-OI and compliance value of each subject is
shown in Table II. typical spectrum patterns, col-
or and gray scale longitudinal axs images of each
three groups were presented as in Figure 2. Re-
garding both the CA-OI values and compliances,
the statistical differences among two groups
(normal and arterial insufficiency) were signifi-
cant (p =0.003; p = 0.0000002; respectively). On
the other hand, the difference for those parame-
ters is not statistically significant between normal
and venous insufficiency group (p > 0.05). 

As far as compliance values are concerned,
there is statistically significant difference be-
tween the arterial insuffiency, normal and venous
insuffiency groups (p values are 0.00000001;
0.01; 0.02, respectively). Area under curve was
0.963 for compliance, whereas was measured as
0.889 for CA-OI. Both of the AUC measure-
ments were in perfect (p < 0.05) for the normal
group and patients with arterial insufficiency.

Discussion

Erectile dysfunction (ED, “male impotence”) is a
sexual dysfunction characterized by the inability to
develop or maintain an erection of the penis suffi-
cient for satisfactory sexual performance. Dysfunc-
tion may occur as a result of psychogenic, organic
(hormonal, neurologic, pharmacologic, vascular
problems) or of mixed (organic plus psychogenic)
disorders. Recent researches indicate that vascular
disease secondary to arterial, venous, or mixed vas-
cular insufficiency is the underlying etiology in a
large number of patients with impotence8. The
prevalence rate of ED was 2.6% in a large scale

study although very different reported results exist2.
The prevalence of ED is reported to increase with
age, low education level, diabetes mellitus, hyper-
tension, benign prostatic hyperplasia, and with
smoking8. It now appears that an organic basis could
be recognized in more than 50% of impotent pa-
tients, and “vasculogenic impotence” is the most fre-
quent organic cause2. As nonprosthetic therapy op-
tions become available, the accurate diagnosis of va-
sogenic impotence has gained great importance
which allows appropriate surgical intervention.

Erection begins with an autonomic neurogenic
impulse that induces relaxation of the cavernosal
arterioles and sinusoidal spaces. This results in an
increase in arterial flow into the corpora cavernosa,
producing sinusoidal expansion and elongation.
Compression of the efferent veins against the tuni-
ca albuginea limits venous return. Ultimately, com-
plete venous occlusion produces tumescence9,10.

To accurately assess patients with erectile dys-
function, it is necessary to demonstrate the progres-
sion of hemodynamic events leading to erection.
Specific diagnostic criteria have been reported for
the assessment of the causes of the erectile dysfunc-
tion. Chiou et al11 determined this progression by
simultaneously monitoring intracavernosal pressure
and cavernosal artery spectral waveforms in normal
volunteers and they have observed the different
phases. The sonographic evaluation of erectile dys-
function was pioneered by Lue et al12: many Au-
thors have used duplex sonography for the determi-
nation of cavernosal artery flow velocities to accu-
rately characterize arterial integrity. In the past sev-
eral years, considerable attention has been focused
on the Doppler evaluation of erectile dysfunction.
In most of the previous studies, it has been empha-
sized that evaluation of the penile vascular hemody-
namics throughout the Doppler US examination of-
fers more accurate results, than the technique which
includes injection of papaverine and examination

95% confidence interval for mean
Sandard

n Mean deviation Lower bound Upper bound

CA-OI (a/b) Normal 18 2.50 0.37 2.32 2.69
Arterial insufficiency 6 3.15 0.38 2.75 3.55
Venous incompetence 3 2.68 0.09 2.45 2.91

Compliance (%) Normal 18 68.67 6.15 65.61 71.73
Arterial insufficiency 6 48.50 3.78 44.53 52.47
Venous incompetence 3 61.00 2.00 56.03 65.97

Table II. The number of patients of the three separate groups according to the diagnosis, the average values measured in con-
junction with standard deviations and related confidence intervals.



There are many parameters that have been
used to evaluate the vascular status of men with
erectile dysfunction up to now, which are mainly:
PSV, EDV, acceleration time, cavernosal artery
acceleration index, vascular resistance, compli-
ance of cavernousal artery and cavernous artery
intima-media thickness. Although the combina-
tion of some of these criteria was used in some
studies, actually, PSV, EDV and cavernous artery
compliance values are the current widespread
used and clinically accepted parameters11,12,14.

After pharmacological stimulation, PSV val-
ues < 25 cm/sec were accepted as arterial insuf-
ficiency, and PSV values > 35 cm/sec were ac-
cepted as normal cavernous artery flow. On the
other hand, PSV values ranging between 25
cm/sec and 35 cm/sec have been accepted as
suspicious for arterial insufficiency. For those
subjects, additional parameters (clinical findings
such as degree and persistence of erection or
neuro-psychiatric disorders) must be evaluated
accordingly, for final diagnosis15,16,17 In a number
of previously published studies, although the
EDV values between 3 and 7 cm/sec has been
accepted as normal, the main concern which pre-
sent totally normal veno-occlusive mechanism is
zero diastolic flow or retrograde venous flow
patterns on spectral window. According to those
data, veno-occlusive mechanism and arterial in-
sufficiency could be assessed with PSV, EDV
and the spectral pattern on pulsed wave Doppler
US examination14,15. However, it is noteworthy
to mention that the veno-occlusive mechanism
may not work properly in some patients with ar-
terial insufficiency, due to deficient inflow to in-
crease the intracavernous pressure for closure of
the emissary connections. These patients should
not be evaluated as veno-occlusive mechanism
failure11,14-17. Right at this point, we believe that
the parameter used in our study could be an al-
ternative way to evaluate the possible vascular
pathology for those cases with equivocal find-
ings. In this study, we have used CA-OI as a
Doppler US parameter in the diagnosis of erec-
tile dysfunction for such suspicious cases. We
found out that patients with arterial insufficiency
and normal subjects could be distinguished by
this new parameter. In our study, considering on-
ly the CA-OI indexes, we were able to diagnose
patients having arterial insufficiency with 100%
sensitivity, and 78% specificity. The accuracy of
these values were also confirmed with compli-
ance rates and spectral examination findings. As
a result, secondary venous insufficiency could
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only after erection has occurred13. Because Doppler
US is capable of accurately characterizing the na-
ture of flow within the cavernous arteries, dorsal
veins, it is widely used for imaging the penile flow
hemodynamics. Doppler US is the least invasive
method to evaluate the penile vascular hemody-
namics. Caversonometry, caversonography, elec-
tromyography (EMG) of cavernous bodies and se-
lective pudental arteriography are the advanced and
rather invasive diagnostic tests that should be re-
served for suspicious cases which can not be defi-
nitely diagnosed by Doppler US (e.g. subjects with
PSV between 25-35 cm/sec, some complicated pa-
tients which have venous insufficiency or having
complex vascular pathologies)11,12. These methods
are not used commonly in routine practice because
of their invasive nature, which are also more expen-
sive and time consuming techniques.

Figure 2. Images from different subjects. (a) Normal, (b) with
venous insufficiency, (c) with arterial insufficiency. In these
threee separate groups: spectral patterns (i), color Doppler im-
ages (ii) and gray scale images obtained parallel to the longitu-
dinal axis of the related cavernous arteries are shown.



be clearly differentiated from primary veno-oc-
clusive mechanism defects by the presence of
abnormal CA-OI values. 

In the previous reports which have been fo-
cused on measuring parameters like PSV, accel-
eration and resistivity index during Doppler US
examination, it was concluded that the arterial in-
sufficiency could be diagnosed with a 35%-100%
sensitivity and 46%-89% specifity in patients
with erectile dysfunction4,5. The values obtained
from our study are highly sensitive (100%), simi-
lar to the studies that have applied multiple para-
meters. In addition to this, CA-OI parameter has
an acceptable (78%) specificity when compared
with the literature data, even when considered as
a single parameter11,16. 

Our study has several limits. First of all, the
most important limitation was arising from
Doppler US technique itself. This technique is an
operator dependent method and it is affected to an
important degree from shift angles. We tried to
overcome this problem using a standard angle and
PRF values in Doppler US examinations which
were performed by a single radiologist. Another
problem was the verification of the diagnosis, be-
cause of the invasiveness and difficulty of other
further (gold standard) procedures. In this situation
we tried to make the final diagnosis with combina-
tion of Doppler US findings, clinical examination
and the response to the treatment.

In the literature, many studies regarding sys-
temic arteries have demonstrated a correlation be-
tween tortuosity and atherosclerosis18,19. Although
controversial data, no matter it is a result of the
process, it is often seen along with the atheroscle-
rotic mural changes through the related
arteries20,21. The long axis of vessel that becomes
harder after atherosclerosis, has tendency to ondu-
late more with systolic blood pressure19,22. These
alterations are most remarkably seen in abdominal
aorta and iliac artery segments. And it is also rea-
sonable to put forward the same theory for cav-
ernous arteries. Some tortuosity may be discov-
ered in the course of the cavernous arteries when
influenced by atherosclerosis19,22. We believe that
we achieved near standard conditions and we per-
formed the examinations with new technology
high resolution superficial transducers to delineate
the cavernousal artery courses.

So with applying the condition on the cav-
ernous arteries, we found out that the tortuousity
of them directly has been affected by degree or
type of impotence. It is important to know that
tortuousity may be described as a visual sign in

great arteries. But it has to be formulated when
using in smaller arteries to relieve of a risk of op-
erator dependency. So, we aimed to quantify the
increased tortuousity and tried to calculate it as
CA-OI value. We found that the CA-OI was in-
creasing concordant with the degree of athero-
sclerosis.

Conclusions

Tortuosity may be used in the discrimination
of abnormalities of arterial origin during evalua-
tion of impotent cases. In our study, when the
cut-off is taken as 2.5 mm for OI, with only that
parameter, patients with arterial insuffiency could
be distinguished with %100 sensitivity and 78%
specifity. Although it is not included in our case
groups, we are also thinking that it shall be use-
full in cases with PSV: 25-30 cm/sec, whose are
evaluated as having suspicious arterial insuffi-
ciency. Our findings have to be tested in larger
studies. Also the implementation of new software
programs which can calculate the CA-OI auto-
matically will contribute the test for becoming a
practical and widespread method.
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