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Results: Among 104 healthcare organizations,
52,227,262 adult males were screened for ED and PD.
1,689,907 (3.2%) patients had ED and 66,390 (0.1%)
patients had PD. Among ED patients, there were 6508
(0.4%) who subsequently went on to receive penile
prosthesis. Amongst ED patients, only 23,836 (1.4%)
and 8548 (0.5%) patients underwent workup with ICI

Introduction: Despite the diagnostic value of intracav-
ernosal injections (ICI) and penile Doppler ultrasound
(PDUS), there remain barriers to widespread clinical
adaptation of these methods. The study aimed to evaluate
the practice patterns of utilization of ICI and PDUS
in the assessment of erectile dysfunction (ED) and
Peyronie’s disease (PD).

Methods: Using the TriNetX database (Cambridge,
MA, USA), adult (=18 years) male patients with a
diagnosis of ED on oral phosphodiesterase-5 (PDES5)
inhibitors were identified. Current Procedural Termi-
nology codes were utilized to identify patients who
underwent further evaluation with ICI or PDUS, as well
as penile prosthesis placement after PDUS. A second
cohort was analyzed, identifying patients with a diagno-

or PDUS. The number of patients who subsequently
received a prosthesis after ICI and PDUS workup was
4680 (19.6%) and 868 (10.1%), respectively. Amongst
PD patients, 2960 (4.5%) and 4972 (7.4%) underwent
workup with ICI and PDUS, respectively.

Conclusion: We recognize that ED and PD are chal-
lenging disease processes with complicated diagnostic
workup involved. We recommend that providers be
knowledgeable about counseling patients and even
consider referring motivated patients to high-volume
referral centers for definitive treatment.
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sis of PD who underwent ICI or PDUS, and those who
subsequently underwent PD treatment.

Introduction

Intracavernosal injection (ICI) testing is a valuable
tool in the workup of male sexual dysfunction.” ICI
testing assesses erectile function, but also enables
evaluation of penile deformities, plaques, curva-
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Published online 30 December 2025 tures or pain. The point of maximum curvature and

measurements of erect penile girth and length can
also be assessed. Combined with sonography, penile
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Doppler ultrasound (PDUS) provides a quantitative
assessment of penile vasculature as well as inspec-
tion of penile pathology, such as fibrosis or plaques
and their associated size, density or calcifications.'
Despite the diagnostic value of ICI and PDUS, there
remain barriers to the widespread clinical adaptation
of these methods. These in-office testing procedures
are nuanced and should be performed and inter-
preted by providers with experience and training.
This can also be a logistical challenge due to the
need for monitoring patients after ICI injections to
ensure full detumescence in the office. The current
utilization of pharmacologic agents and PDUS in the
evaluation of male sexual dysfunction is not known.
In this article, we provide a descriptive analysis of
the practice patterns of ICI and PDUS utilization
for the assessment of erectile dysfunction (ED) and
Peyronie’s disease (PD) using a global registry with
the aim of promoting increased utilization of these
methods in the workup of male sexual dysfunction.
We hypothesize that the utilization of ICI and PDUS
for the workup and management of ED and PD
remains low.

Materials and Methods

Data source and study population definition

We accessed the TriNetX research network,
a collaborative research enterprise containing
real-time data from electronic health records
worldwide of over 100 million patients over 100
healthcare organizations at the time of analysis. The
TriNetX database constantly updates but reports
data coded into the EHRs from up to 20 years
prior to the date of analysis only. This database
contains data on patient demographics, clinical
characteristics, medical diagnoses, procedures
and surgeries, and medications. Due to the
de-identified nature of this registry, our study
was deemed exempt from Institutional Review
Board approval or informed consent. For more
information, please visit: https://trinetx.com/
real-world-resources/ case-studies-publications/trin
etx-publication-guidelines/ (accessed on 5 August
2025).

Using the TriNetX (https://trinetx.com) database
(Cambridge, MA, USA), adult (=18 years) male
patients with a diagnosis of ED (N52) on oral
phosphodiesterase-5 (PDE5) inhibitors (e.g., avanafil,
sildenafil, vardenafil, and tadalafil) were identified
with International Classification of Diseases, Tenth
Revision, Clinical Modification (ICD-10-CM) codes.’
TriNetX identifies prescriptions using both Veterans
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Affairs Drug Classification and RxNorm Concept
Unique Identifier, part of the Unified Medical Lan-
guage System.”” Current Procedural Terminology
(CPT) codes were then utilized to identify patients
who underwent further evaluation with ICI of a
vasoactive agent (54235) or PDUS (93980, 93981),
as well as subsequent penile prosthesis placement
(54400, 54401, 54405) after PDUS assessment. A sec-
ond cohort was analyzed, identifying patients with a
diagnosis of PD (N48.6). We then identified patients
with curvature who underwent further evaluation
with ICI or PDUS, as well as those patients who sub-
sequently underwent intralesional plaque injection
(54200), surgical correction including penile plication
(54360), penile prosthesis placement (54400, 54401,
54405) or plaque excision + grafting (54110, 54111,
54112) as a treatment option. A flowchart demonstrat-
ing our analysis for the evaluation and management
of medically treated ED and PD is shown in Figure 1.
Given the de-identified nature of this data, our study
was deemed exempt from Institutional Review Board
approval. Data was accessed on 11 December 2024.

Variables and data extraction

Several demographic a priori determined variables
were included. These included age (years), body mass
index (kg/m?), ethnicity (not Hispanic or Latino, His-
panic or Latino, Unknown), and race (White, Black,
Asian, Unknown/Other). Other covariates included
in our analyses were ED on PDES5 inhibitors (yes/no),
PD (yes/no), ICI (yes/no), PDUS (yes/no), intrale-
sional plaque injection (yes/no), penile plication
(yes/no), penile prosthesis placement (yes/no), and
plaque excision + grafting (yes/no). All data were
obtained from the TriNetX database.

Statistical analysis

All analyses were performed internally via the
TriNetX system. Of note, for analyses that resulted
in 10 patients or less, TriNetX rounds the value to 10
as part of a patient privacy protection mechanism.
For patient demographics, age and BMI were ana-
lyzed and presented as continuous variables, while
ethnicity and race were analyzed and presented as
categorical variables. The remainder of our analyses
were primarily descriptive in nature with the results
being presented in numbers and percentages.
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FIGURE 1. Flowchart demonstrating the evaluation and management for medically treated (A) Erectile

dysfunction (ED) and (B) Peyronie’s disease (PD)

Results

Patient cohort and clinical characteristics

Among 104 healthcare organizations, 52,227,262
adult males were screened for ED on oral pharma-
cotherapy and PD. A total of 1,689,907 (3.2%) patients
among 98 HCOs had a diagnosis of ED on PDE5
inhibitors, and a total of 66,390 (0.1%) patients among
95 HCOs had a diagnosis of PD. Demographic data
for these two separate cohorts are included in Table 1.

ICI and PDUS utilization for ED and PD
Among patients with a diagnosis of ED on PDE5
inhibitors, there were 6508 (0.4%) who subsequently
went on to receive penile prosthesis. Other treat-
ment modalities that were attempted prior to patients
receiving penile prosthesis include vacuum erection
device, urethral suppositories, and ICI in 21, 292,
and 4680 patients, respectively. For patients with
ED on PDES5 inhibitors, only 23,836 (1.4%) and 8548
(0.5%) of patients underwent workup with ICI or
PDUS. The number of patients who subsequently
received a penile prosthesis after ICI and PDUS
workup was 4680 (19.6%) and 868 (10.1%), respec-
tively. Details regarding the workup with ICI/PDUS
and subsequent management of PD are summarized
in Table 2.

Discussion

Utility of ICI/PDUS for erectile dysfunction

Current guidelines do not provide strong recommen-
dations regarding the utilization of ICI and PDUS.

This is because these tests may not be necessary
in the early stages of ED. ED can be diagnosed
if it fits the definition of “inability to achieve or
maintain an erection sufficient for satisfactory sexual
activity”. As such, many patients can diagnose this
themselves and clinicians can often prescribe accord-
ingly. These specialized workup and diagnostic tests
are typically reserved when ED drugs are ineffec-
tive. American Urologic Association (AUA)/Sexual
Medicine Society of North America (SMSNA) ED
guidelines endorse specialized testing comprising ICI
and PDUS in select patients.”

Our study suggested that the utilization of PDUS
is low, as only 0.5% of adult men with ED on oral ther-
apy underwent evaluation with PDUS. This may be
surprising as the reported efficacy of PDES5 inhibitors
is 70%.° The reasoning behind the low usage may
be multifactorial. A survey evaluating perceptions
of Canadian urology residents and program direc-
tors revealed that the majority of programs lack a
formal genitourinary imaging curriculum, with the
lack of time and educators being primary barri-
ers to increasing imaging training during residency.’
Wide variability exists among practitioners in terms
of both penile Doppler ultrasound technique and
interpretation. In 2011, the AUA and the American
Institute of Ultrasound in Medicine composed guide-
lines for penile technique to improve the utilization
and reliability of diagnostic results.” A 2018 survey
distributed to members of the International Society
for Sexual Medicine (ISSM) revealed poor compli-
ance with these guidelines as well as significant
heterogeneity in the method of practice.” This het-
erogeneity may stem from a lack of training, as the
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TABLE 1. Patient demographics

Variables Erectile dysfunction on phosphodiesterase-5 Peyronie’s disease
inhibitors (N = 1,689,907) (N = 66,390)
Age (years, mean + SD) 58.0+ 124 56.7 £12.4
BMI (kg/m?, mean + SD) 29.7 £ 6.0 279 +4.8
Ethnicity
Not Hispanic or Latino 1,095,452 (66.2%) 45,464 (69.0%)
Hispanic or Latino 467,244 (28.2%) 4181 (6.3%)
Unknown 93,328 (5.6%) 16,278 (24.7%)
Race
White 1,114,233 (67.3%) 48,549 (73.6%)
Black 220,069 (13.3%) 4349 (6.6%)
Asian 38,042 (2.3%) 919 (1.4%)
Unknown/Other 283,680 (17.1%) 12,106 (18.4%)
Note. SD, standard deviation; BMI, Body Mass Index.
TABLE 2. Workup and treatment options for patients with Peyronie’s disease
Workup N (%) Treatment N (%)
Intracavernosal Intralesional plaque injections 568 (19.2)
Peyronie’s injections 2960 (4.5) Penile plication 1128 (38.1)
Diseas ' Plaque Excision + Grafting 142 (4.8)
(N = 66,390) Penile prosthesis 1221 (41.3)
Penile Intralesional plaque injections 955 (19.2)
doppler 1972 (7.4) Penile plication 474 (9.5)
ultrasound ’ Plaque Excision + Grafting 255 (5.1)
Penile prosthesis 783 (15.7)

majority of urologists do not have formal instruc-
tion in ultrasound technique in residency and/or
fellowship training. This gap in training conflicts
with AUA/SMSNA ED guidelines, which advise
that PDUS should only be utilized by urologists
with extensive training in the technique. The issues
associated with insurance reimbursement for this
diagnostic modality may also limit its widespread
use. Both PDUS and ICI testing reimbursement may
vary by payer depending on specific plans or poli-
cies. Certain carriers may not consider these workups
medically necessary unless specific conditions are
met. While there have yet to be studies evaluat-
ing the specific cost analyses for these diagnostic
techniques, a study of patient out-of-pocket costs
for guideline-recommended ED treatments demon-
strated annual ICI prescriptions to be the second
most costly option after intraurethral suppositories."
Next, PDUS can be a time-consuming or logistically
challenging technique that many providers may not
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have the bandwidth to perform in the clinic. Even in
practices in which the radiologist performs the imag-
ing study, many require a urologist to be available to
perform the injection, as well as be available should
any complications arise, such as prolonged erection.
Lastly, the absence of standardized protocols for the
use of the vasoactive agent of choice and its associated
dosages further complicates its widespread usage."
Performing ICI routinely prior to penile prosthe-
sis implantation will help identify penile curvature
and concealed plaques preoperatively, which can be
important as men with these findings require spe-
cial attention and careful surgical planning owing to
associated corporal fibrosis and penile deformity."*"
Studies have shown that 60-71% of patients have
resolution of curvature with prosthesis placement
alone, but a subset of patients will require more
aggressive dilation, corporal plication, or plaque exci-
sion."” While penile prosthesis surgery in men with
PD has been shown to be a safe procedure with
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high patient satisfaction, there is an increased risk of
potential complications such as cylinder crossover in
cases in which adjuvant procedures are required."
Another possible complication is urethral injury at
the level of the fossa navicularis when the cylin-
ders are forcibly bent during manual modeling.”
Moreover, some authors suggest that intraoperative
modelling may increase the risk of mechanical fail-
ure.” Other potential complications with concurrent
penile prosthesis placement and PD surgery, such as
plaque excision/grafting, include aneurysmal dila-
tion of prosthetic cylinders.”* As such, detailed patient
evaluation, including PDUS, especially in men who
have been unable to obtain erections for a long dura-
tion of time, may benefit from evaluation of penile
curvature prior to penile implantation to help manage
patient expectations and mitigate potential operative
complications.'”"*

Utility of ICI/PDUS for Peyronie’s disease
Despite recommendations from the AUA to perform
ICI testing with or without PDUS prior to invasive
treatment for penile curvature correction, this was
rarely performed, as our study showed that only
4.5% of patients with a diagnosis of PD underwent
pharmacologic testing.' It is likely that some of these
patients have supplied photos demonstrating curva-
ture or a decision was made to proceed with surgery
based on history alone. However, penile autophotog-
raphy has been found to underestimate the degree of
penile curvature compared to ICI testing.”” The risk
for error is especially evident in men with concurrent
ED, with the potential to impact the planning of
treatment strategy.”’

Additionally, our study revealed differential uti-
lization of PD surgical techniques depending on
patient assessment. Specifically, 38% of men whose
PD evaluation included ICI underwent a penile pli-
cation procedure as compared to 9% of men whose
PD evaluation included PDUS. Although our ability
to draw conclusions from this discordance is lim-
ited, the findings suggest that additive information
from diagnostic ultrasound may influence the deci-
sion to proceed with penile plication as opposed
to penile excision and grafting. Patients undergo-
ing either penile plication or plaque excision are
required to have preserved erectile function, with
the deciding factor between the two surgeries deter-
mined by the degree of curvature, plaque location
and size’' Information regarding plaque location
and burden obtained from imaging evaluation may
influence surgeon preference regarding surgical tech-
nique.”>*’ This insight may help determine the more
suitable procedure, and as a result, help to decrease

repeat procedures and preventable post-operative
morbidity.

Furthermore, a subset of patients presenting with
penile curvature and pain may not have plaques
palpable on examination.”* Penile ultrasound can pro-
vide an objective assessment by identifying plaques
confined to the septum or punctate plaques unde-
tectable on exam.” Plaque calcification has been
found to be a poor predictor of the success of collage-
nase clostridium histolyticum treatment. Importantly,
penile ultrasound can also identify concurrent ED
and differentiate between vascular and non-vascular
etiologies.” This diagnostic information can aid in
patient counseling with the potential to improve
patient outcomes and satisfaction.

Certainly, our findings regarding rates of ICI and
PDUS utilization must be interpreted in the context
of certain limitations, including biases from using
a retrospectively maintained database, assumptions
regarding the accuracy of the database, as well as
potential undercoding of queried ICD/CPT codes.
There is also limited data regarding the severity
of disease and immediate clinical or surgical out-
comes for patients with ED/PD after intervention.
Nonetheless, the findings represent the first study to
quantify the use of penile injection and ultrasound
in the workup of ED and PD, underscoring lower-
than-expected use despite society recommendations.
This provides insight into the area of practice pat-
tern improvement to increase diagnosis accuracy and
patient counseling prior to advancing to corrective
procedures. Experts should be diligent in ICI and
PDUS in their evaluation of ED and PD to provide the
most precise diagnosis, thorough surgical counsel-
ing, as well as minimize unexpected scenarios in the
operating room. Lastly, we recognize that ED and PD
are challenging disease processes with complicated
diagnostic workup involved, and we recommend
that providers be knowledgeable about counseling
their patients and even consider referring motivated
patients to high-volume referral centers for definitive
treatment. Specifically, these patients may include
those with concomitant ED or PD, patients who
have failed conservative or medical management, or
younger patients.

Conclusions

Utilization of ICI and PDUS for the workup and man-
agement of ED and PD remains low. Future research
should be focused on analyzing risk factors and spe-
cific barriers to the low utilization of these specialized
tests, with the goal of overcoming these issues. It
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should also focus on treatment options that were not
readily available in the TriNetX database, such as
a vacuum erection device or urethral suppositories
for ED or plaque incision for PD, as well as their

associated outcomes.
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