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Summary

AIM: To analyse the incidental findings during computed
tomographic angiography (CTA) diagnostic work-up in pa-
tients with arteriogenic erectile dysfunction (ED).

PATIENTS AND METHODS: The medical records of all
patients with suspected arteriogenic ED were entered into
a database. Risk factors and underlying comorbidities
were also collected. Pathological CTA findings were ex-
tracted from the CT readings and entered into the data-
base. Incidental findings on CTA were classified as those
requiring immediate medical treatment, requiring deferred
medical treatment or of no clinical importance.

RESULTS: A total of 200 patients underwent CTA for sus-
pected arteriogenic ED. Mean patient age was 59.6 ± 11.7
years. Of these, 181 patients (90.5%) had obstructions
of erection-related arteries. In 168 patients (84.0%), CTA
showed multiple incidental pathological findings. Eighty-
five of 200 patients (42.5%) exhibited incidental findings
requiring immediate further medical workup and/or treat-
ment: coronary artery calcification was diagnosed in 75/
200 (37.5%), aorto-iliac aneurysms in 8/200 (4%) of pa-
tients and incidentally detected embolism in 1/200 patient.
Pancreatic and liver tumours were less frequent (inci-
dence 1.5% and 1%, respectively). Incidental findings re-
quiring deferred medical workup and/or treatment were
detected in 175/200 patients (87.5%). The findings with
the highest prevalence were liver steatosis followed by
colon diverticulosis and prostate hyperplasia. Findings of
little to no clinical importance were reported in 117 (58.5%)
patients. These included uncomplicated renal cysts, spinal
degeneration and renal vascular anomalies. Almost every
second patient presenting with ED had an incidental find-
ing which required immediate treatment.

CONCLUSIONS: Incidental findings not directly related to
ED were common among patients undergoing CTA scans

for suspected arterial obstructions. Coronary artery calci-
fication was the leading finding requiring further medical
workup and/or treatment. Thus, the benefit of CTA investi-
gations extends beyond the anatomic description of arter-
ial obstructions of erection-related arteries.
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Introduction

Erectile dysfunction (ED) is defined as “a continuous or
repetitive inability to achieve or maintain an erection suf-
ficient for satisfying sexual activity” [1]. Its prevalence is
age-related and ranges from 2% in patients younger than
twenty years of age and up to over 80% in octogenarians.
It is estimated that 322 million males worldwide will suffer
from ED in 2025 [2, 3].

In primary care, ED has been shown to be independently
associated with cardiovascular diseases such as myocardial
infarction, cardiac arrest and coronary heart disease, as
well as with increased fasting glucose levels, diabetes mel-
litus and future coronary events [4]. Thus, ED has recently
been identified as a predictor of generalised vascular dis-
ease, and besides the functional sexual impairment, symp-
toms of ED may be indicative of underlying risk factors or
cardiovascular comorbidities [5, 6]. In addition, symptoms
of ED may lead to a primary medical workup in patients
with poor adherence to medical screening opportunities
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who would otherwise not undergo screening for cardiovas-
cular risk factors. Hence, symptoms of ED may be a win-
dow into the entire cardiovascular system and indicative of
the patient’s general health state.

Depending on the cause and severity of ED, various treat-
ment options, such as phosphodiesterase-5 inhibitor ther-
apy, testosterone replacement, intracavernous application
of alprostradil, penile pumps and implants, are available.
More recently, the advent of endovascular therapy of
small-calibre arteries has facilitated minimally invasive
stent revascularisation in patients with arteriogenic ED
[7–11]. Subsequent to penile arterial duplex ultrasound and
prior to angioplasty, computed tomography angiograph-
ic (CTA) workup of the pelvic arterial circulation is per-
formed to complement haemodynamic findings, confirm
suspected arterial obstructions, characterise their anatomi-
cal localisation and plan arterial access during angioplasty
[9, 12].

Our hypothesis was that, in line with the above-described
implications, CTA yields numerous incidental findings in
addition to vascular obstructions in ED patients.

Patients and methods

This single-centre investigation was approved by the local
ethics committee and carried out at a Swiss vascular centre.
Between March 2016 and January 2019, 239 patients pre-
sented for clinical and duplex-sonographic workup of ED
of suspected vascular origin. Patients were referred from
urologists, family physicians, internists or other vascular
physicians. In this period, a total of 200 patients underwent
CTA for suspected arteriogenic ED and provided written
informed consent for participation in this investigation.

The inclusion criterion for this retrospective analysis was
arteriogenic ED diagnosed based on findings from duplex
ultrasound. ED was considered to be caused by arterial ob-
structions if arterial peak-systolic velocity in one or both
cavernosal arteries was ≤0.3 m/s 10 minutes after an in-
tracavernosal injection of 10 μg alprostadil at the proximal
edge of the shaft of the penis [13].

In the case of pathological arterial flow on penile duplex
ultrasound, patients were referred for CTA to further assess
the anatomical level of arterial obstructions and for plan-
ning of endovascular intervention.

CTA protocol
CT investigations were carried out on an Aquilion Prime
of Toshiba. A 120-ml dose of Omniscan 350 mg/ml (GE
Healthcare) contrast material was administered at a body
weight of 80 kg with a flow of 4 ml/s. Two spirals were
then dedicated: the first spiral from the level of the aortic
bifurcation to the lower margin of scrotum and the second
spiral from the lower margin of the scrotum to the jugulum.
The rotation time was 0.45 seconds with a corresponding
helical pitch of 65. The slice thickness was calibrated at 0.5
mm or rather 0.3 mm. The default was 2D depictions of
planes in sagittal and coronal, and multiplanar representa-
tions in coronal and oblique-sagittal planes of the internal
pudenda artery. An absolute exclusion criterion for CTA
was insufficient renal function defined as glomerular filtra-
tion rate (GFR) lower than 40 ml/min and a relative exclu-
sion criterion was allergy to contrast medium.

CT images were analysed independently by two experi-
enced radiologists. In unclear cases, consensus was sought
by both readers.

Risk factors and comorbidities
The following pre-existing risk factors were documented
and defined as follows. Cigarette smokers were distin-
guished from non-smokers with smoking of 1 pack-year or
more based on date of admission or chart documentation.
Elevated lipoprotein(a) was assumed at levels ≥100 mg/l.
The presence of arterial hypertension was defined as sys-
tolic blood pressure >140 mm Hg and/or diastolic blood
pressure >80 mm Hg, or if the patient on any antihyperten-
sive drug. The presence of diabetes mellitus was defined
by fasting blood sugar >120 mg/dl or glycosylated haemo-
globin >6% or if the patient was on hypoglycaemic drugs.
The presence of hyperlipidaemia was defined by total cho-
lesterol levels >5 mmol/l, or high-density lipoprotein cho-
lesterol <1 mmol/l, or triglycerides > 2 mmol/l, or if the pa-
tient was taking any lipid-lowering drug. An ankle brachial
pressure measurement with ratio <0.9 was considered to be
indicative of peripheral arterial disease.

The following comorbidities were retrieved from patient
chart diagnoses: coronary heart disease, previous surgery,
relevant associated and/or currently treated illnesses such
as prostatitis, hormonal imbalances, neurological anom-
alies, cerebrovascular diseases and history of dialysis, as
well as previously diagnosed venous leak, alcohol con-
sumption and drug abuse.

Classification of incidental findings
Incidental findings were classified based on a system used
by Hoppe et al., 2006 [14]. After evaluating the total num-
ber of patients with incidental findings, these findings were
then classified into those requiring immediate treatment,
requiring deferred treatment or having relative or no clin-
ical importance. Moreover, incidental findings were each
classified into sub-categories cardiovascular, urogenital,
visceral, musculoskeletal or other.

Findings requiring immediate further medical workup and/
or treatment were coronary artery calcification (CAC), tu-
mour findings, aortic aneurysm, pulmonary embolism, en-
larged lymph nodes (larger than 1 cm) and stenosis with
acute malperfusion of organs (kidney). Aortic aneurysms
were assumed if the transverse arterial diameter was more
than 1.5 times the size of the normal aorta. Accordingly,
cases where the aortic diameter was enlarged below the
above-mentioned threshold, arterial ectasia was assumed.

Vascular ectasia, enlarged truncus pulmonalis, complicated
renal cysts, nephrolithiasis, prostate sclerosis, liver steato-
sis, colon diverticulosis, cholecystolithiasis, liver haeman-
gioma, hernia, granuloma, nodules or marked organ en-
largement (cardiomegaly, hepatomegaly, benign prostate
hyperplasia, splenomegaly), lung abnormalities such as
bronchiectasis and emphysema were defined as findings
requiring deferred medical workup and/or treatment.

Findings with relative or no clinical importance were de-
fined as those being unlikely to require treatment or further
examination at a later time. These were anatomical variants
of diseases such as non-irritant renal vascular disorders,
aberrant subclavian artery, uncomplicated and non-irritant
cysts (liver, kidney, pericardium), horseshoe kidney, skele-
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tal degenerative diseases and arthritic joint abnormalities,
lipoma, benign calcifications and other congenital anom-
alies.

Results

Of the 200 male patients, with a mean age of 59.6 (±11.7)
years, undergoing CTA for arterial ED, 181 patients
(90.5%) were reported to have arterial obstructions of erec-
tion-related arteries plus incidental findings. A total of
168/200 (84.0%) patients exhibited multiple incidental CT
findings. Table 1 illustrates risk factors and comorbidities
of patients in the study.

Incidental findings
A total of 85/200 patients (42.5%) exhibited incidental
findings requiring immediate further medical workup and/
or treatment. Of note, most incidental findings here were
newly diagnosed cardiovascular conditions, with coronary
artery calcification being the most prevalent finding fol-
lowed by arterial aneurysms and incidentally detected em-
bolism (table 2, figs 1, 2a and 2b). Pancreatic and liver
tumours were less frequent, but significant. Examples of
incidentally diagnosed tumours are shown in figures 3 and
4.

Incidental findings requiring deferred medical workup and/
or treatment were detected in 175/200 patients (87.5%)
(table 3). The findings with the highest prevalence were
liver steatosis followed by colon diverticulosis and prostate
hyperplasia.

Finally, findings with little to no clinical importance were
reported in 117 (58.5%) patients (table 4). These include
uncomplicated renal cysts, spinal degeneration and renal
vascular anomalies.

Discussion

Erectile dysfunction is a highly prevalent disorder in the
western world. Although frequently misinterpreted as a
mainly lifestyle-limiting condition, ED is a medically
highly relevant problem in middle-aged men that frequent-
ly carries relevant comorbidities and may serve as a very
important marker symptom for atherosclerosis [15].

Table 1: Pre-existing risk factors, comorbidities and medication in 200
patients with erectile dysfunction.

Risk factors n (%)

Arterial hypertension 92 (46.0)

Elevated lipoprotein(a) 85 (42.5)

Hypercholesterolaemia 85 (42.5)

Cigarette smoking 52 (26.0)

Diabetes mellitus 31 (15.5)

Coronary artery disease / coronary heart
disease

30 (15.0)

Peripheral artery disease 16 (8.0)

Chronic prostatitis 10 (5.0)

Post-prostate interventions / surgery 6 (3.0)

Alcohol abuse 5 (2.5)

Hormonal imbalances 3 (1.5)

Cerebrovascular diseases 3 (1.5)

Venous leak 2 (1.0)

Neurological diseases 1 (0.5)

Dialysis 0 (0)

Drug abuse 0 (0)

Medication Aspirin 121 (60.5)

Clopidogrel 34 (17.0)

Oral anticoagulants 20 (10.0)

Antihypertensives 87 (43.5)

Antidepressants 10 (5.0)

Antihistamines 3 (1.5)

Antipsychotic 1 (0.5)

Androgen antago-
nists

0 (0)

Figure 1: Axial CT scan of the left coronary artery in a 43-year old ED patient showing coronary artery calcification which led to a coronary an-
giogram.
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A previous study by Mulhall and coworkers has shown
that men with a diagnosis of ED had a doubled prevalence
of any comorbidity (including arterial hypertension, other
cardiovascular disease, diabetes mellitus, depression and

Table 2: Findings requiring immediate treatment in 85/200 patients
with erectile dysfunction.

Findings n (%)

Cardiovascular Coronary artery calcification 75 (37.5%)

Abdominal aortic aneurysm 4 (2.0%)

Thoracic aortic aneurysm 3 (1.5%)

Iliac artery aneurysm 1 (0.5%)

Pulmonary embolism 1 (0.5%)

Renal artery stenosis 1 (0.5%)

Urogenital Urinary bladder tumour 1 (0.5%)

Gastrointestinal Pancreatic tumour 3 (1.5%)

Liver tumour 2 (1.0%)

Other Adrenal incidentaloma 1 (0.5%)

Enlarged lymph nodes 1 (0.5%)

Figure 2a: Intra-arterial coronary angiogram showing a high-grade
stenosis of the circumflex branch of the left coronary artery prior to
drug eluting stent placement.

Figure 2b: Intra-arterial coronary angiogram after drug eluting
stent placement.

benign prostatic hyperplasia) when compared with men
without ED [16].

In the present study of patients undergoing contrast-en-
hanced CTA for workup of ED of arterial origin, a remark-
able percentage exhibited incidental findings unrelated to
ED that required immediate or deferred treatment. These
incidental findings influenced the medical management of
patients’ individual clinical situations and treatment path-
ways, and provided important information with regards to
additional therapeutic consequences.

Most of the findings considered to require immediate treat-
ment were related to CAC. CAC was seen on CT scans in
over 37.5% of ED patients. Thus, coronary atherosclerosis
was incidentally diagnosed in more than 20% of patients
in our study. According to the American College of Radi-
ology, assessing the presence of CAC on CT scans may be
valuable to the patient and referring physician, either for
reassurance that no CAC is present or to increase patient
awareness of coronary heart disease risk, and to stimulate
discussion and further workup of cardiac risk factors [17].
Thus, based on these findings, a significant number of pre-
viously asymptomatic patients may have had an additional
benefit from the CT scan performed for workup of ED.

It is known that ED and coronary heart disease share most
modifiable risk factors leading to atherosclerosis [18, 19].

Figure 3: Axial CT scan of a neuroendocrine pancreatic tumour in-
cidentally diagnosed in a 67-year old ED patient.

Figure 4: Axial CT scan of a bladder tumour incidentally diag-
nosed in a 62-year old ED patient with a history of cigarette smok-
ing and cerebrovascular disease.
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Since erection-related arteries have a smaller diameter than
coronary arteries, the earliest manifestation of cardiovas-
cular disease may be ED [5]. A recent meta-analysis by
Dong et al. supports an increased risk of cardiovascular
disease, stroke and all-cause mortality in men with ED
[20]. Additionally, in a multi-ethnic study of atherosclero-
sis, ED was an independent predictor of myocardial infarc-
tion, cardiac arrest, fatal acute coronary syndrome und fa-
tal stroke [18].

Aorto-iliac aneurysms were incidentally diagnosed in a to-
tal of 4% of ED patients in our present study. It remains
unclear whether ED is an independent predictor of arterial
aneurysm or whether the co-prevalence with cardiovascu-
lar risk factors influenced this finding. To our knowledge,
the incidence of arterial aneurysms has not been studied in

Table 3: Findings requiring deferred treatment in 175/200 patients with
erectile dysfunction.

Findings n (%)

Cardiovascular Arterial ectasia 15 (7.5%)

Enlarged truncus pul-
monalis

1 (0.5%)

Urogenital Prostate hyperplasia 77 (38.5%)

Prostate sclerosis 11 (5.5%)

Nephrolithiasis 6 (3.0%)

Complicated renal cyst 5 (2.5%)

Other urogenital findings 6 (3.0%)

Gastrointestinal Liver steatosis 112 (56.0%)

Colon diverticulosis 95 (47.5%)

Liver haemangioma 11 (5.5%)

Cholecystolithiasis 8 (4.0%)

Hepatomegaly 3 (1.5%)

Other gastrointestinal find-
ings

10 (5.0%)

Musculoskeletal Umbilical hernia 22 (11.0%)

Hiatal hernia 21 (10.5%)

Inguinal hernia 7 (3.5%)

Other Lung granuloma 34 (17.0%)

Lung emphysema 15 (7.5%)

Lung nodules 14 (7.0%)

Bronchiectasis 13 (6.5%)

Cardiomegaly 10 (5.0%)

Other 41 (20.5%)

Table 4: Findings with little clinical importance in 117/200 patients with
erectile dysfunction.

Findings n (%

Cardiovascular Renal artery anomaly 25 (12.5%)

Lusorian artery 2 (1.0%)

Right descending aorta 1 (0.5%)

Urogenital Uncomplicated renal cysts 54 (27.0%)

Horseshoe kidney 1 (0.5%)

Gastrointestinal Liver cysts 24 (12.0%)

Other gastrointestinal find-
ings

2 (1.0%)

Musculoskeletal Spine degeneration 38 (19.0%)

Hyperostosis thoracic
spine

6 (3.0%)

Coxarthrosis 6 (3.0%)

Other musculoskeletal
findings

11 (5.5%)

Other Thyroid cysts 6 (3.0%)

Lipoma 4 (2.0%)

Spleen cysts 2 (1.0%)

Other findings 2 (1.0%)

an ED population so far. However, several studies have ad-
dressed the prevalence of ED in men with abdominal aortic
aneurysm prior to surgical intervention and revealed pre-
operative ED rates to range from 10.3% to 74% [21–27].

Tumour findings deemed to require immediate attention
were observed in 3% in our sample population. Thus, the
CT scan changed treatment pathways in a considerable
number of patients in the present series, based on suspicion
of neoplasm [28]. This finding is not entirely new since it
was previously shown that the incidence of cancer 5 years
after an ED diagnosis is significantly higher when com-
pared with that of the general population [29]. This finding
further supports the medical burden associated with ED.

Liver steatosis led the findings of diseases that were
deemed to require deferred treatment. Since the rate of re-
ported alcohol abuse was comparatively low in our study,
we suspect that this phenomenon may be attributed to non-
alcoholic fatty liver disease. A recent study conducted by
Hasanain et al. proved that ED is a common disorder in
male patients with nonalcoholic fatty liver disease, with in-
sulin resistance and low serum testosterone as contributing
factors to its development. It was suggested that treatment
of insulin resistance may improve erectile function and de-
crease the grade of hepatic steatosis [30].

Diverticular disease of the colon is among the most preva-
lent conditions in western society and is among the leading
reasons for outpatient visits and causes of hospitalisation
[31]. Accordingly, more than 50% of patients deemed to
require deferred treatment exhibited colonic diverticulosis.

Finally, prostate hyperplasia was found in every third ED
patient undergoing CTA. The connection between prostate
hyperplasia and ED is quite complex and it was previously
reported that 70% of men with prostate hyperplasia have
an associated ED [32–34]. Thus, our imaging study con-
firms a close interrelation of prostate hyperplasia and ED.

Various other studies have investigated the incidence of
incidental findings depicted in CT scans for various con-
ditions such as aortic dissection [35], medical check-up
[36], aortic valve stenosis [37], coronary artery disease
[38], acute flank pain [14] and upper limb vascular disease
[39], and on cardiac CT [40]. Prabhakar assessed inciden-
tal findings during evaluation for aortic dissection in the
emergency department in 370 patients with a mean age of
63 years [35]. Similarly to our series, almost 90% of pa-
tients had at least one incidental finding, with aspiration
pneumonia, pleural effusion and pericardial effusion be-
ing the most prevalent findings. In that study, severe arter-
ial stenosis (in femoral, renal and subclavian arteries) was
found in less than 7.0% of the cohort, which is more than
found in our cohort.

In a study by Millor and colleagues of 6516 patients with
mean age of 58.4 years undergoing whole body CT scans
for medical check-up, incidental findings were found in
93% of patients. Of these, 1.47% were primary tumours
(96 in total with 35 cases kidney related and 15 lung relat-
ed), whereas 3% of our cohort had incidental findings that
were tumour related. Abnormal results in men were signif-
icantly higher than in women in this study [36].

Hinton and coworkers investigated 652 patients with mean
age of 82 undergoing CT prior to transcatheter aortic valve
intervention [37]. Clinically significant incidental findings
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were detected in 95.6% of patients. In summary, 14% of
patients had at least one significant incidental finding, with
possible malignancy in 74% of that subgroup. Of note, pa-
tients were significantly older than the present cohort and,
given that they were investigated for minimal-invasive aor-
tic valve stenosis, they were often burdened with multiple
comorbidities.

Karius and colleagues investigated a cohort of 3898 pa-
tients (mean age not specified) without significant coro-
nary artery disease over 14 years [38]. Incidental findings
were seen in a total of 30.2% patients, with lung cancer be-
ing most frequently detected. Moreover, vascular inciden-
tal findings were seen in 0.5% of patients. In comparison,
incidental vascular findings were seen in 52% in our co-
hort owing to the design of our study, which focused only
on males and contrast-enhanced CTA for workup of ED of
arterial origin.

Hoppe and colleagues evaluated CT findings in 1500 pa-
tients examined for flank pain only with mean age of 50.
However, patients analysed in the Hoppe paper were sig-
nificantly younger than those in the present series. Tumour
findings that needed immediate attention accounted for 3%
of our sample population. These included liver, pancreas
and urinary bladder tumours. In comparison with Hoppe’s
study, which revealed multiple tumours of various origins,
with an incidence of only 5.8% only after application of
contrast medium. Without contrast medium, there was a
much higher percentage of patients with tumour findings.
Besides, all tumour patients included in our study were cat-
egorised as needing immediate treatment, whereas Hoppe
linked them with deferred treatment. In the Hoppe study
there were initially 10 patients thought to have prostate
cancer, but upon application of contrast there were 4, of
whom only 3 were surgically treated. We found that 70%
of men in our cohort with benign prostatic hypertrophy
have ED, but in Hoppe’s research, the number of benign
prostatic hypertrophy cases seemed significantly lower at
57/1500 patients [14].

Nourzaie and associates investigated frequency of inciden-
tal findings in upper limb CT scans, focusing on undiag-
nosed malignancies [39]. A total of 70.3% out of 1383
patients with a mean age of 59 had incidental findings.
In that series, 8.4% of incidental findings, which included
newly diagnosed malignancies or cancer progression, were
deemed to be of immediate clinical significance and were
lower in frequency when compared with our series.

In a systematic review of papers published between 2006
and 2018, Fernando and colleagues found incidental find-
ings in 45% of cardiac CTs in a cohort of over 40,000 pa-
tients with mean age of 60 years. The five most commonly
reported incidental findings were lung nodules or masses,
lung parenchymal changes, lymphadenopathy, emphysema
and liver nodules or cysts. Of note, CAC was seen in 42%
of these patients, which is similar to the 37.5% witnessed
in our cohort [40].

Our paper has several limitations. Since some patients
came from long distances and to respect existing collabo-
rations of their family physicians, they were not system-
atically seen by the same specialists. Therefore, we can-
not provide complete follow-up with regards to incidental
findings. Moreover, we did not quantify the extent of CAC.
Thus, it may be that the clinical impact of coronary calci-

fication may be overestimated in these imaging findings.
However, since many patients presenting to our ED cen-
tre are naïve in terms of cardiovascular diagnostic workup
and may not even have a family physician, we still feel that
further scrutiny of imaging findings may lead to an early
detection of medical conditions associated with morbidity
and mortality that would otherwise go undiagnosed.

In summary, incidental findings were common among ED
patients undergoing CTA for arterial workup. It is impor-
tant not to limit examinations only to the detection of ED
of arterial origin because other findings, mainly related to
cardiovascular, gastrointestinal musculoskeletal and uro-
genital systems are rather common among ED patients.
Thus, the benefit of CTA investigations in patients with
ED of suspected arterial origin may extend beyond the
anatomic description of arterial obstructions of erection-re-
lated arteries. Further studies assessing clinical endpoints
are required to fully define the clinical yield of CT imag-
ing aimed at detecting incidental findings besides arterial
workup in ED patients.
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