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Abstract
Purpose of Review  Herein, we seek to review the clinical applications of penile duplex Doppler ultrasound (PDDU) in sexual 
medicine practices and discuss the indications, protocols, advantages, and limitations of this diagnostic modality. Other more 
outdated diagnostic tests, such as cavernosometry, are briefly discussed to provide the reader a background of understanding 
on the evolution of diagnostic testing within the realm of sexual medicine.
Recent Findings  PDDU has become a key diagnostic tool in the clinical evaluation of both erectile dysfunction (ED) and 
Peyronie’s disease (PD). With the assistance of intracavernosal injections such as alprostadil, clinicians can utilize ultrasound 
technology to produce a detailed description of the hemodynamics of the patient’s erection cycle. This information plays a 
pivotal role in establishing an accurate diagnosis and creating a sensible management plan for the patient.
Summary  This review aims to provide a better understanding regarding the technique and interpretation of PDDU as it 
pertains to male sexual function.

Keywords  Erectile dysfunction · Peyronie’s disease · Sexual function · Penile ultrasound · Duplex Doppler ultrasound · 
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Introduction

Erectile dysfunction (ED) is defined by the National Institute 
of Health as a condition regarding the inability to achieve 
an erection sufficient for satisfactory sexual activity [1]. The 
prevalence of ED is relatively common among men, par-
ticularly those over the age of 50, although estimates can 
vary widely. According to a 2019 review, the prevalence of 
erectile dysfunction globally ranges from 3 to 76.5% [2]. As 
the general population continues to grow, and average life 
expectancy increases, the incidence and prevalence of this 
condition similarly increases. Modern medicine has seen the 
development of several diagnostic methods which have been 
used to detect and ultimately treat ED.

The causes of erectile dysfunction are divided into mul-
tiple categories including psychogenic, anatomic, neuro-
genic, vasculogenic, and drug-induced. To properly diagnose 
and treat ED, a full medical history and physical exam are 
necessary. Among the various etiologies of ED, vascular 
pathology has gained a particular interest within the clinical 
field due to its high association with cardiovascular events 
(CVEs) and other comorbid conditions.

The first proposed method to diagnose vascular ED 
involved penile intracavernosal injection (ICI) with a vaso-
active medication such as alprostadil [3]. The injection aims 
to induce an immediate erection by increasing arterial inflow 
and reducing venous outflow. In early studies, the length and 
circumference of the penis were measured after injection to 
determine if there was a vascular abnormality [3]. The use 
of ICI was a therapeutic approach for ED before oral PDE-5 
inhibitors (PDE5i’s) were introduced. However, since this 
method alone fails to detect the difference between arterial 
and venous ED, penile duplex Doppler ultrasound (PDDU) 
has become a popular adjunct to determine a more accurate 
diagnosis. This review focuses on the clinical applications of 
PDDU in diagnosing erectile dysfunction and Peyronie’s dis-
ease (PD) and discusses recent studies regarding the advan-
tages and limitations of this diagnostic modality.
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Clinical Evaluation/Patient History

Collecting a detailed past medical history is paramount 
in the initial clinical assessment of erectile dysfunction. 
Important variables within the past medical history include 
age, a history of smoking, diabetes, hypertension, obesity, 
dyslipidemia, coronary artery disease, and CVEs such as 
heart attack and stroke. Psychosocial history and a history 
of hypogonadism should also be elucidated [4•]. Further 
basic medical testing consists of a review of the patient's 
medication list, a focused physical exam, an analysis of 
contributing psychosocial factors, and subjective question-
naires. The 2018 AUA guidelines on ED recommend the 
use of validated questionnaires to assess and qualify the 
severity of ED, as well as provide a platform from which 
to discuss future management options (expert opinion) 
[4•]. Many patients will respond to initial conservative 
therapy such as lifestyle maneuvers or oral medications and 
may not require an additional medical workup; however, 
patients suffering from moderate to more severe ED often 
require a more in-depth workup. Severe erectile dysfunc-
tion may indicate an improper arterial and venous response 
to PDE5i’s or other vasoactive medications. In such situa-
tions, PDDU can clarify the inadequate vascular response.

Standardized Questionnaires

There are multiple subjective questionnaires to help aid in 
the diagnosis of patients with erectile dysfunction. Two of 
the most commonly questionnaires in modern urology prac-
tices include the International Index of Erectile Function 
(IIEF-5) and the Sexual Health Inventory for Men (SHIM) 
[5–7]. IIEF-5 is a five qualitative-based questionnaire that 
places patients into five separate categories based on their 
cumulative score from 1 to 24: none (22–24), mild (17–21), 
moderate to mild (12–16), moderate (8–11), and severe 
(1–7). The more abbreviated version of the IIEF-5 is the 
SHIM, an effective diagnostic tool for patients experiencing 
ED. Moreover, higher scores are negatively correlated with 
the severity of erectile dysfunction. Other popular question-
naires include the Erection Hardness Score (EHS) and the 
Male Sexual Health Questionnaire (MSHQ) [8, 9]. As men-
tioned, per American Urological Association guidelines, all 
patients suffering from ED should undergo validated ques-
tionnaires to assess their ED [4•, 10].

Other Diagnostic Modalities

A more outdated model to evaluate erectile function is the 
nocturnal penile tumescence rigidity test, which bases erec-
tile function on spontaneous/nocturnal erections at home. 

Testing involves two loops, one at the distal aspect of the 
penis and one at the base. The pressure exerted on the penis 
by two opposing loops can gauge the rigidity of a patient’s 
nocturnal erections. Typically, testing will occur over sev-
eral consecutive nights for 8–10 h at a time [11]. Through 
separate contractions, the loops can measure the penile cir-
cumference and penile hardness. The circumference is meas-
ured in centimeters, and rigidity is measured in percentages 
relative to a standard hard-rubber cylinder [12]. In the past, 
nocturnal penile tumescence rigidity testing has been used to 
decipher between men suffering from psychogenic ED versus 
organic etiologies. The benchmark for psychogenic ED was 
a patient gaining 60% rigidity on the tip of his penis relative 
to a standard hard-rubber cylinder, lasting equal to or greater 
than 10 min [11]. The differentiation between psychogenic 
and organic ED relied upon the assumption that men with 
psychogenic ED preserve nocturnal erections. In recent years, 
this has been debunked, as the testing is susceptible to false 
negatives. Per AUA guidelines, it is also noted that testing 
may be less useful in men with impaired sleep schedules [4•].

Biothesiometry is a rapid in-office test introduced during 
the 1990s to assess erectile function. It measures the sensory 
capacity of mechanoreceptors by administering vibrations 
at a controlled and consistent intensity to a patient’s penis. 
After being applied to multiple locations on the penile shaft, 
the minimal amount of vibration intensity is quantified and 
compared to other parts of the body. In comparing the two 
different body parts, a lower threshold detection of the penis 
implies intact peripheral nerves. This testing is considered 
faulty due to testers’ inconsistent methodology, which has led 
to an inability to set a universal range for biothesiometry [13].

Another outdated method, cavernosometry, measures the 
pressure of cavernous bodies following ICI to diagnose venous 
occlusive disease. After an alprostadil injection through a con-
trast injection pump, a baseline pressure is measured until 
150 mmHg is reached. The pump is later removed, and the 
pressure decrease is measured. Venous occlusion is diagnosed 
in a patient with a pressure decrease greater than 45 mmHg 
over 30 s [14]. Often, this was used in conjunction with cav-
ernosography to detect the areas of venous leakage [15]. This 
practice has been discontinued due to the invasiveness and 
high expense. Often, the method induced a high degree of 
anxiety in patients leading to false negatives and inaccurate 
results. Current AUA guidelines do not recommend surgery 
on venous occlusive disease, and results concluded by this 
diagnostic method are not of significant clinical use [4•].

History of Doppler Testing in ED

The advancements in ultrasound (US) technology in the 
1990s enabled the modern practice of penile Doppler 
ultrasound in urology and sexual medicine clinics across 
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the nation. PDDU has become a critical tool to help evalu-
ate the organic causes for men whose erectile dysfunction 
does not respond to PDE5i’s [16]. The introduction of the 
first PDE5i’s in 1998 led to a paradigm shift with respect 
to the use of PDDU. Assuming no contra-indication exists, 
PDE5i’s are typically considered first-line maneuvers for 
patients experiencing ED and are often used prior to consid-
ering Doppler testing [17]. It is noteworthy that as the sur-
vival rates of patients undergoing treatment (such as surgical 
resection or pelvic radiation) for prostate, bladder, and rectal 
cancer have improved, the clinical field of cancer survivor-
ship has similarly grown. The need for post-operative ED 
treatments has become essential to improve the quality of 
life of these men, and their partners. Penile Dopplers have 
become a crucial tool to help patients better understand the 
nature of their erectile dysfunction and help clinicians find 
an appropriate therapy for their disease [16].

ED is one of the better-known side effects of radical 
prostatectomies and cystoprostatectomies. Although nerve-
sparing techniques have become more advanced with robotic 
procedures, the nerve plexuses to the penis are often affected 
or can become removed in some instances. The cavernous 
nerve (CN) is the most prominent nerve that controls erectile 
function; the CN originates from the pelvic plexus and joins 
multiple arteriovenous branches to form the neurovascular 
bundle (NVB). The NVB is easily damaged during pros-
tatectomies, and in many cases, some degree of cavernous 
nerve injury to bound to happen. Despite the promotion of 
cavernous nerve-sparing surgeries and the introduction of 
robotic-assisted radical prostatectomies, the rate of erectile 
dysfunction is estimated to be as high as 84.6% [18]. Up to 
70% of radical prostatectomy patients have erectile dysfunc-
tion at the 12-month postoperative mark. Histopathology 
studies of post-surgical patients have shown that the cavern-
ous bodies of the penis are severely fibrotic, exacerbating ED 
in the postoperative setting [19]. Furthermore, sexual dys-
function is a common side effect of deep pelvic surgery, such 
as abdominoperineal resection for rectal cancer patients. ED 
results directly from an anatomical or neural disruption or 
indirectly from either loss of continence or altered cosmesis 
[20].

Penile pathology, as detected by ultrasound, can help aid 
in the discovery of men who have silent coronary artery dis-
ease (CAD). ED is often an early indicator for patients with 
endothelial dysfunction and vascular disease. PDDUs have 
aided in the discovery of men needing further cardiac testing 
[16]. Patients with poor vascular response on ultrasound are 
more likely to have increased fasting lipids, serum glucose 
levels, BMI, homocysteine, and C-reactive protein, all of 
which are considered cardiovascular risk factors. Compared 
to men without ED, patients with ED showed more severe 

CAD and higher mortality rates associated with cardiovas-
cular disease [21, 22].

ED is also highly associated with DM. Worsening erec-
tile function positively correlates to the duration of time a 
patient has suffered from DM. Patients are 7.2 times more 
likely to be diagnosed with ED when suffering from DM 
for > 35 years. More than 50% of patients with a < 10-year 
history of DM will experience ED. When patients suffer 
from DM for > 10 years, they have a 38-fold increase in the 
risk of suffering from ED [23•]. PDE5i’s are typically the 
first-line treatment for patients, although it is shown that 
about 50% of patients with DM do not respond to oral thera-
pies [24]. Patients diagnosed with ED and type II DM may 
have associated CAD that is undetectable by stress tests. 
Although patients may be asymptomatic, some experts 
advocate for these patients to undergo further cardiac test-
ing [25].

Color Duplex Doppler Ultrasound

Aside from a thorough history and physical exam, color 
duplex Doppler ultrasound (CDDU), in combination with 
intracavernosal injection, is considered a first-line method 
for the diagnosis of vascular ED [3]. Initially, a gray-scale 
ultrasound is used on the penis to exclude any morphologi-
cal or anatomic abnormalities. After an erection is induced, 
typically by administration of a prostaglandin-E1 analog, 
dynamic assessment can take place via CDDU. The caver-
nosal arteries are assessed at intervals of 5 min until PSV 
and EDV values are obtained [26••]. CDDU can detect 
penile blood flow and is used to isolate vascular from non-
vascular ED, as well as identify the type of vasculogenic 
cause.

Although first line, CDDU has some limitations that 
must be accounted for. As with many advanced imaging 
techniques, CDDU is very operator-dependent and requires 
proficiency to receive accurate results. More importantly, 
it requires the smooth muscle to be completely relaxed 
for proper measurements, and anxiety or insufficient ICI 
dosing may hinder complete relaxation. These factors must 
be accounted for when evaluating a patient in the clinic 
setting—an “artificial” environment for sexual arousal. 
Additionally, the different anatomic locations assessed 
while using Doppler imaging can create variability in the 
results of the PSV and EDV. It has been shown that meas-
urements of the PSV and EDV are variable depending on 
if it is measuring the proximal versus distal cavernous 
artery [3]. Regardless of these limitations, CDDU is still 
accepted as a useful diagnostic tool for vascular ED among 
most sexual medicine experts.
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Erectile Dysfunction Pathologies 
and Vascular Assessments from Doppler

As mentioned, erectile dysfunction (ED) is a common 
medical condition with a high prevalence in men older than 
40 years old. Multiple known etiologies, both physiological 
and psychological, can explain the cause of ED and aid in 
the diagnosis and treatment of this condition. Among these 
etiologies, organic ED, such as vasculogenic, hormonal, or 
neurogenic causes, are the most prevalent [3]. The associa-
tion among ED and cardiovascular disease is relatively high, 
which has led to vasculogenic etiologies becoming a focused 
area of study in an effort prevent future cardiovascular events 
and improve patient outcomes [3]. These vascular causes 
include endothelial dysfunction, arterial insufficiency, 
venous leak, and mixed arterial and venous insufficiency 
(indeterminate). In order to isolate vascular from nonvascu-
lar causes of ED, PDDU has been proven to be an effective 
diagnostic tool to measure penile blood flow.

Arterial Insufficiency

Arterial insufficiency is any condition that stops or slows the 
inflow of blood to a particular organ. This can be secondary 
to peripheral vascular disease or other conditions, such as 
diabetes, chronic hypertension, or coronary artery disease. 
Atherosclerosis is an most important disease linked to arte-
riogenic ED [27••]. Peak systolic velocity (PSV) is a param-
eter measured by PDDU that is suggested for the diagnosis 
of arteriogenic ED. PSV, measured in cm/s, indicates the 
maximum flow rate in systole and how fast blood is reaching 
the penis during an erection [27••]. During PDDU measure-
ments, normal PSV is > 30 cm/s and any value < 25 cm/s is 
indicative of arterial dysfunction. In addition, a difference of 
greater than 10 cm/s PSV between both cavernosal arteries 
on the right versus left sides suggest arteriogenic ED [26••]. 
This PSV threshold has been shown to be highly accurate 
(> 90%) in the diagnosis of arterial insufficiency [26••].

Venous Leak (Veno‑occlusive Insufficiency)

Veno-occlusive insufficiency, commonly referred to as 
venous leak, is another vasculogenic cause of ED, resulting 
from insufficient penile blood retention during the erectile 
process. In a normal erectile state, the veins are compressed 
to prevent blood from escaping. In men with venous leak, 
there is insufficient sinusoidal relaxation and expansion lead-
ing to improper closure and compression of the veins [28]. 
Multiple causes of venous leak are known, such as congeni-
tal anomalies, Peyronie’s disease, trauma, and arterial insuf-
ficiency [28]. Penile Doppler US can be used to help detect 

venous leak leading to ED. The parameters used for venous 
leak are end diastolic velocity (EDV) and resistive index 
(RI); EDV is defined as the residual blood flow at the end 
of diastole, and RI is the peripheral resistance to blood flow 
[26••]. Normal EDV is < 5 cm/s and RI is > 0.9 cm/s. An 
EDV of > 5 cm/s and RI of < 0.8 cm/s is indicative of venous 
leak and inadequate blood retention in the penis [26••]. It 
is important to note that when detecting venous leak with 
PDDU, the presence of significant arterial insufficiency will 
create unreliable results since there is less blood reaching 
the penis to accurately measure EDV and RI [28]. In addi-
tion to PDDU, other techniques, such as dynamic infusion 
cavernosography and cavernosometry (DICC), have been 
used to identify veno-occlusive dysfunction; however, the 
poor specificity and invasiveness of these modalities have 
hindered their use [28].

Indeterminate Result

An indeterminate result or a mixed arterial and venous ED is 
seen when arterial inflow is normal, but there is still a poor 
erectile response. The use of penile Doppler ultrasound is 
inefficient in diagnosing indeterminate ED because venous 
competence cannot be measured in a patient with signifi-
cant arterial insufficiency [29]. Outside factors such as ICI 
dose and patient comfort/anxiety levels can falsely create 
these borderline or indeterminate situations. This author’s 
experience has found that adequate patient education and an 
accurate description of the testing protocols and has helped 
reduce the level of anxiety patients may have going into 
PDDU testing.

Peyronie’s Disease

Peyronie’s disease (PD) is a chronic fibrotic alteration of the 
penis characterized by fibrous plaques developing within 
the tunica albuginea, causing penile deformity and often a 
painful penile erection [30, 31]. Penile US can be a useful 
tool for diagnosis and surveillance of PD. On gray-scale 
US, plaques can be visualized as focal hyperechoic thick-
ening of the tunica albuginea [26••]. Plaques may also be 
seen as hypoechoic lesions in the initial stages of PD as 
well or visualized within the penile septum if the plaque is 
more mature. An increased Doppler signal demonstrating 
hyperperfusion of the plaques may be indicative of inflam-
mation surrounding this disease process [26••]. Clinicians 
can utilize this information, together with the patient’s his-
tory and physical exam, to consider therapies such as oral 
non-steroidal anti-inflammatory medications for pain man-
agement [31].
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Coding and Billing

Both private insurances and Medicare recognize the use 
of penile Doppler as an effective when diagnosing erec-
tile dysfunction. The appropriate CPT code for PDDU is 
93980 “Duplex scan of arterial inflow and venous outflow 
of penile vessels; complete study” [32]. Other associated 
codes, such as 54,234 “Penile Injection” can be found in 
Appendix 1.

An important concept for practitioners to understand is 
the credentialing necessary to ensure that not only has an 
adequate study been performed, but that the test will be 
billed, coded, and reimbursed appropriately. Per the Local 
Coverage Determination guidelines from the Centers for 
Medicare & Medicaid Services, “all non-invasive vascular 
diagnostic studies must be performed under at least one of 
the following settings: (1) performed by a physician who 
is competent in diagnostic vascular studies or under the 
general supervision of physicians who have demonstrated 
minimum entry level competency by being credentialed 
in vascular technology, or (2) performed by a technician 
who is certified in vascular technology, or (3) performed 
in facilities with laboratories accredited in vascular tech-
nology” [33]. Furthermore, “examples of appropriate 
personnel certification include, but are not limited to the 
Registered Physician in Vascular Interpretation (RPVI), 
Registered Vascular Technologist (RVT), the Registered 
Cardiovascular Technologist (RCVT), Registered Vascular 
Specialist (RVS), and the American Registry of Radiologic 
Technologists (ARRT) credentials in vascular sonography. 
Appropriate laboratory accreditation includes the Ameri-
can College of Radiology (ACR) Vascular Ultrasound Pro-
gram, and the Intersocietal Commission for the Accredita-
tion of Vascular Laboratories (ICAVL)” [33].

Regarding ED treatment options, Medicare and most 
private insurances are selective on what modalities may be 
covered. Presently, brand name PDE5i’s, including Viagra, 
Cialis, and Levitra, are often not covered by insurance 
providers. However, generic versions such as sildenafil, 
tadalafil, and vardenafil may be covered. The advancement 
of compounding pharmacies, and companies like GoodRx, 
has helped many patients save money on prescription 
PDE5i’s not covered by their insurance.

Other modalities such as vacuum erection devices (VED), 
intracavernosal injections (ICI), intraurethral suppositories, 
and low-intensity shock wave therapy (LiSWT) are not 
covered by insurance or Medicare. Patients wanting to use 
these modalities are subject to personal out-of-pocket costs. 
Finally, for end-stage erectile dysfunction, penile prosthesis 
surgery is considered the gold standard. Medicare and many 
private insurance plans typically cover this procedure; how-
ever, large disparities of coverage still exist [34].

Conclusion

Among the various diagnostic modalities used in the man-
agement of male sexual dysfunction, PDDU has proven to be 
an essential tool in the diagnosis and treatment of both ED 
and PD. In addition to intracavernosal drugs, PDDU plays 
an important role in identifying and illustrating vascular 
ED, as well as quantifying the hemodynamic patterns seen 
in penile erection response to vasoactive injections. Being 
familiar with the technique, limitations, and interpretation 
of PDDU is an important step toward an accurate diagnosis 
and determining the best management plan for the patient.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11934-​022-​01135-4.

Compliance with Ethical Standards 

Conflict of Interest  KE and NZ have no conflicts of interest to report. 
JB is a paid consultant to Boston Scientific Corporation, menMD, In., 
and Bastion Health. The authors received no financial benefit from the 
planning, implementation, writing, peer review, editing, and publica-
tion of this scientific work.

Human and Animal Rights and Informed Consent  This article does not 
contain any studies with human or animal subjects performed by any 
of the authors.

References

Papers of particular interest, published recently, have 
been highlighted as:  
•   Of importance  
•• Of major importance

	 1.	 Impotence. NIH Consens Statement. 1992;10(4):1–33.
	 2.	 Kessler A, Sollie S, Challacombe B, Briggs K, Van Hemelrijck 

M. The global prevalence of erectile dysfunction: a review. BJU 
Int. 2019. https://​doi.​org/​10.​1111/​bju.​14813.

	 3.	 Ma M, Yu B, Qin F, Yuan J. Current approaches to the diag-
nosis of vascular erectile dysfunction. Transl Androl Urol. 
2020;9(2):709–21. https://​doi.​org/​10.​21037/​tau.​2020.​03.​10.

	 4.•	 Burnett AL, Nehra A, Breau RH, Culkin DJ, Faraday MM, 
Hakim LS, et al. Erectile dysfunction: AUA guideline. J Urol. 
2018;200(3):633–41. https://​doi.​org/​10.​1016/j.​juro.​2018.​05.​
004. The current AUA guidelines, serving to assist clinical deci-
sions and patient care, is a comprehensive standard all clini-
cians within the sexual health industry should be familiar with.

	 5.	 Rosen RC, Riley A, Wagner G, Osterloh IH, Kirkpatrick J, Mishra 
A. The international index of erectile function (IIEF): a multidi-
mensional scale for assessment of erectile dysfunction. Urology. 
1997;49(6):822–30. https://​doi.​org/​10.​1016/​s0090-​4295(97)​00238-0.

	 6.	 Cappelleri JC, Rosen RC, Smith MD, Mishra A, Osterloh IH. 
Diagnostic evaluation of the erectile function domain of the Inter-
national Index of Erectile Function. Urology. 1999;54(2):346–51. 
https://​doi.​org/​10.​1016/​s0090-​4295(99)​00099-0.

	 7.	 Rosen RC, Cappelleri JC, Smith MD, Lipsky J, Pena BM. Devel-
opment and evaluation of an abridged, 5-item version of the 

https://doi.org/10.1007/s11934-022-01135-4
https://doi.org/10.1111/bju.14813
https://doi.org/10.21037/tau.2020.03.10
https://doi.org/10.1016/j.juro.2018.05.004
https://doi.org/10.1016/j.juro.2018.05.004
https://doi.org/10.1016/s0090-4295(97)00238-0
https://doi.org/10.1016/s0090-4295(99)00099-0


	 Current Urology Reports

1 3

International Index of Erectile Function (IIEF-5) as a diagnostic 
tool for erectile dysfunction. Int J Impot Res. 1999;11(6):319–
26. https://​doi.​org/​10.​1038/​sj.​ijir.​39004​72.

	 8.	 Mulhall JP, Goldstein I, Bushmakin AG, Cappelleri JC, Hvidsten K.  
Validation of the erection hardness score. J Sex Med. 2007;4(6): 
1626–34. https://​doi.​org/​10.​1111/j.​1743-​6109.​2007.​00600.x.

	 9.	 Rosen RC, Catania J, Pollack L, Althof S, O’Leary M, Seftel 
AD. Male Sexual Health Questionnaire (MSHQ): scale develop-
ment and psychometric validation. Urology. 2004;64(4):777–82. 
https://​doi.​org/​10.​1016/j.​urolo​gy.​2004.​04.​056.

	10.	 Alwaal A, Awad M, Boggs N, Kuzbel J, Snoad B. Sexual 
health inventory for men questionnaire as a screening method 
for erectile dysfunction in a general urology clinic. Sex Med. 
2020;8(4):660–3. https://​doi.​org/​10.​1016/j.​esxm.​2020.​08.​002.

	11.	 Chen HR, Tian RH, Li P, Chen HX, Xia SJ, Li Z. Estradiol is an 
independent risk factor for organic erectile dysfunction in eugo-
nadal young men. Asian J Androl. 2020;22(6):636–41. https://​
doi.​org/​10.​4103/​aja.​aja_​135_​19.

	12.	 Shvartzman P. The role of nocturnal penile tumescence and 
rigidity monitoring in the evaluation of impotence. J Fam Pract. 
1994;39(3):279–82.

	13.	 Wiggins A, Farrell MR, Tsambarlis P, Levine LA. The penile 
sensitivity ratio: a novel application of biothesiometry to assess 
changes in penile sensitivity. J Sex Med. 2019;16(3):447–51. 
https://​doi.​org/​10.​1016/j.​jsxm.​2019.​01.​002.

	14.	 Spiliopoulos S, Shaida N, Katsanos K, Krokidis M. The role of 
interventional radiology in the diagnosis and management of 
male impotence. Cardiovasc Intervent Radiol. 2013;36(5):1204–
12. https://​doi.​org/​10.​1007/​s00270-​012-​0520-z.

	15.	 Kromann-Andersen B, Nielsen KK, Nordling J. Cavernosometry: 
methodology and reproducibility with and without pharmaco-
logical agents in the evaluation of venous impotence. Br J Urol. 
1991;67(5):517–21. https://​doi.​org/​10.​1111/j.​1464-​410x.​1991.​
tb151​98.x.

	16.	 Jung DC, Park SY, Lee JY. Penile Doppler ultrasonography 
revisited. Ultrasonography. 2018;37(1):16–24. https://​doi.​org/​
10.​14366/​usg.​17022.

	17.	 du Moon G. Evolution of phosphodiesterase-5 inhibitors. World 
J Mens Health. 2015;33(3):123–4. https://​doi.​org/​10.​5534/​wjmh.​
2015.​33.3.​123.

	18.	 Jiang N, Wu C, Zhou X, Zhai G, Wu J. Cavernous nerve injury 
resulted erectile dysfunction and regeneration. J Immunol Res. 
2021;2021:5353785. https://​doi.​org/​10.​1155/​2021/​53537​85.

	19.	 Hansen ST, Lund M, Ostergaard LD, Lund L. Role of regenera-
tive therapies on erectile dysfunction after radical prostatectomy. 
Int J Impot Res. 2021;33(4):488–96. https://​doi.​org/​10.​1038/​
s41443-​020-​00406-3.

	20.	 Perry WRG, Abd El Aziz MA, Duchalais E, Grass F, Behm 
KT, Mathis KL, et  al. Sexual dysfunction following surgery 
for rectal cancer: a single-institution experience. Updates Surg. 
2021;73(6):2155–9. https://​doi.​org/​10.​1007/​s13304-​021-​01124-1.

	21.	 Thompson IM, Tangen CM, Goodman PJ, Probstfield JL, Moinpour 
CM, Coltman CA. Erectile dysfunction and subsequent cardiovas-
cular disease. JAMA. 2005;294(23):2996–3002. https://​doi.​org/​10.​
1001/​jama.​294.​23.​2996.

	22.	 Chiurlia E, D’Amico R, Ratti C, Granata AR, Romagnoli 
R, Modena MG. Subclinical coronary artery atherosclero-
sis in patients with erectile dysfunction. J Am Coll Cardiol. 
2005;46(8):1503–6. https://​doi.​org/​10.​1016/j.​jacc.​2005.​06.​068.

	23.•	 Fan J, Peng T, Hui J, Ding W, He B, Zhang H, et al. Erectile dys-
function in type-2 diabetes mellitus patients: predictors of early 
detection and treatment. Urol Int. 2021;105(11–12):986–92. 

https://​doi.​org/​10.​1159/​00051​4700. The prevalence of ED in 
patients with history of DM is high; this paper reviews risk 
factors and comorbidities that sexual-medicine clinicians 
should be aware of while treating the diabetic population.

	24.	 Francis SH, Corbin JD. PDE5 inhibitors: targeting erectile dys-
function in diabetics. Curr Opin Pharmacol. 2011;11(6):683–8. 
https://​doi.​org/​10.​1016/j.​coph.​2011.​08.​004.

	25.	 Sayadi M, Elmafshar R, Razeghian-Jahromi I, Zibaeenezhad MJ. 
Detection of coronary artery disease by an erectile dysfunction 
questionnaire. Cardiol Res Pract. 2021;2021:6647995. https://​
doi.​org/​10.​1155/​2021/​66479​95.

	26.••	Varela CG, Yeguas LAM, Rodriguez IC, Vila MDD. Penile 
Doppler ultrasound for erectile dysfunction: technique and 
interpretation. AJR Am J Roentgenol. 2020;214(5):1112–21. 
https://​doi.​org/​10.​2214/​AJR.​19.​22141. This review provides 
excellent details on the role of penile Doppler sonography in 
the assessment of ED. The study is complete with tables and 
figures regarding this diagnostic modality.

	27.••	Aversa A, Crafa A, Greco EA, Chiefari E, Brunetti A, La Vignera S. 
The penile duplex ultrasound: how and when to perform it? Androl-
ogy. 2021;9(5):1457–66. https://​doi.​org/​10.​1111/​andr.​13029. This 
useful review is complete with Doppler ultrasound images, to 
better explain the utility of penile ultrasound in the setting of 
men's sexual health clinics.

	28.	 Kaba R. Venous leak and erectile dysfunction – an important dif-
ferential. J Clin Urol. 2020;13(1):33–9. https://​doi.​org/​10.​1177/​
20514​15819​847318.

	29.	 Mutnuru PC, Ramanjaneyulu HK, Susarla R, Yarlagadda J, 
Devraj R, Palanisamy P. Pharmaco penile duplex ultrasonogra-
phy in the evaluation of erectile dysfunction. J Clin Diagn Res. 
2017;11(1):TC07–TC10. https://​doi.​org/​10.​7860/​JCDR/​2017/​
25092.​9270.

	30.	 Bilgutay AN, Pastuszak AW. Peyronie’s disease: a review of 
etiology, diagnosis, and management. Curr Sex Health Rep. 
2015;7(2):117–31. https://​doi.​org/​10.​1007/​s11930-​015-​0045-y.

	31.	 Nehra A, Alterowitz R, Culkin DJ, Faraday MM, Hakim LS, 
Heidelbaugh JJ, et al. Peyronie’s disease: AUA guideline. J Urol. 
2015;194(3):745–53. https://​doi.​org/​10.​1016/j.​juro.​2015.​05.​098.

	32.	 Ultrasound Documentation Requirements. American Uro-
logical Association. https://​www.​auanet.​org//​membe​rship/​
publi​catio​ns-​overv​iew/​auane​ws/​all-​artic​les/​ultra​sound-​
docum​entat​ion-​requi​remen​ts. Accessed 3 Sept 2022. 

	33.	 Local Coverage Determination (LCD). Non-invasive vascular 
studies. Centers for Medicare and Medicaid Services (CMS). 
2021. https://​www.​cms.​gov/​medic​are-​cover​age-​datab​ase/​view/​
lcd.​aspx?​lcdid=​34045​&​ver=​29&​bc=​CAAAA​AAAAA​AA.  
Accessed 3 Sept 2022.

	34.	 Beilan J. 054 still doomed to impotence: an updated analysis of 
erectile dysfunction (ED) and inflatable penile prosthesis (IPP) 
insurance coverage from verification benefits databases. J Sex 
Med. 2019;16(4):Supplement 1. https://​doi.​org/​10.​1016/j.​jsxm.​
2019.​01.​066.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1038/sj.ijir.3900472
https://doi.org/10.1111/j.1743-6109.2007.00600.x
https://doi.org/10.1016/j.urology.2004.04.056
https://doi.org/10.1016/j.esxm.2020.08.002
https://doi.org/10.4103/aja.aja_135_19
https://doi.org/10.4103/aja.aja_135_19
https://doi.org/10.1016/j.jsxm.2019.01.002
https://doi.org/10.1007/s00270-012-0520-z
https://doi.org/10.1111/j.1464-410x.1991.tb15198.x
https://doi.org/10.1111/j.1464-410x.1991.tb15198.x
https://doi.org/10.14366/usg.17022
https://doi.org/10.14366/usg.17022
https://doi.org/10.5534/wjmh.2015.33.3.123
https://doi.org/10.5534/wjmh.2015.33.3.123
https://doi.org/10.1155/2021/5353785
https://doi.org/10.1038/s41443-020-00406-3
https://doi.org/10.1038/s41443-020-00406-3
https://doi.org/10.1007/s13304-021-01124-1
https://doi.org/10.1001/jama.294.23.2996
https://doi.org/10.1001/jama.294.23.2996
https://doi.org/10.1016/j.jacc.2005.06.068
https://doi.org/10.1159/000514700
https://doi.org/10.1016/j.coph.2011.08.004
https://doi.org/10.1155/2021/6647995
https://doi.org/10.1155/2021/6647995
https://doi.org/10.2214/AJR.19.22141
https://doi.org/10.1111/andr.13029
https://doi.org/10.1177/2051415819847318
https://doi.org/10.1177/2051415819847318
https://doi.org/10.7860/JCDR/2017/25092.9270
https://doi.org/10.7860/JCDR/2017/25092.9270
https://doi.org/10.1007/s11930-015-0045-y
https://doi.org/10.1016/j.juro.2015.05.098
https://www.auanet.org//membership/publications-overview/auanews/all-articles/ultrasound-documentation-requirements
https://www.auanet.org//membership/publications-overview/auanews/all-articles/ultrasound-documentation-requirements
https://www.auanet.org//membership/publications-overview/auanews/all-articles/ultrasound-documentation-requirements
https://www.cms.gov/medicare-coverage-database/view/lcd.aspx?lcdid=34045&ver=29&bc=CAA​AAA​AAA​AAA​
https://www.cms.gov/medicare-coverage-database/view/lcd.aspx?lcdid=34045&ver=29&bc=CAA​AAA​AAA​AAA​
https://doi.org/10.1016/j.jsxm.2019.01.066
https://doi.org/10.1016/j.jsxm.2019.01.066

	A Review on Penile Doppler and Ultrasonography for Erectile Dysfunction
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Clinical EvaluationPatient History
	Standardized Questionnaires
	Other Diagnostic Modalities
	History of Doppler Testing in ED
	Color Duplex Doppler Ultrasound
	Erectile Dysfunction Pathologies and Vascular Assessments from Doppler
	Arterial Insufficiency
	Venous Leak (Veno-occlusive Insufficiency)
	Indeterminate Result

	Peyronie’s Disease
	Coding and Billing
	Conclusion
	References


