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1 | INTRODUCTION
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Abstract

Artificial intelligence (AI) is a complex combination of multidisciplinary machines
and systems that can replicate human-like cognitive tasks to execute capabilities
such as pattern recognition, decision-making, and problem-solving. Dating back
to the 2000s, Al has been utilized in the medical field, however the interest in this
subject has sharply increased over the past several years. Erectile dysfunction (ED)
is an increasingly pervasive issue as men age, affecting up to 150 million men
worldwide. In the field of men's health, AT has been employed to assist physicians
in the evaluation and management of ED. This article aims to summarize the
ways in which AI has been utilized in the management of ED, as well as the
considerations that must be made when implementing this technology. Al can be
utilized for virtual health assistance to protect patient privacy and increase access
to care. Augmented reality can aid surgeons in real-time during operations, as well
as be utilized to prepare physicians for situations that they may encounter in the
operating room. Pharmaceutical companies can benefit from AI in the
interpretation of data, analysis of chemical compounds and in drug development.
Additionally, AI can be used to assist patients in post-procedure recovery in the
form of rehabilitation and post-treatment monitoring. While the utilization of Al in
men's health is an exciting venture, there are tremendous ethical and practical
considerations that have limited its use in the management of ED.
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patterns, understanding natural language, and making
decisions.

Artificial intelligence (AI) is a multidisciplinary field of
computer science that focuses on creating machines
and systems capable of performing tasks that typically
require human intelligence. First presented in 1956, it
was loosely defined as systems imitating intelligent
human behaviors'!. Al aims to simulate and replicate
human-like cognitive functions in computers and
other machines. The tasks AI can perform include
problem-solving, learning from experience, recognizing

Over the years, Al has been seen considerable advances
in the medical field”. Numerous applications of Al have
been developed to support physicians in various clinical
settings, including inpatient, outpatient, emergency depart-
ment, outreach, and surgery[g]. AT has been shown to assist
in processing high-volume data sets using data analyﬁcs[4’5],
improving workflow efficiency through the self-analysis of
medical imaging[ﬁ], and analyzing information directly from
health records!”. Thousands of articles have been published
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on Al in medicine since the 2000s, with a considerable
uptick occurring in 2017-2018 and an ever-increasing
amount every subsequent yearlg]. Al generally benefits
patients with lower costs, enhanced sensitivity of tests, and
higher accuracy in diagnosis, all of which can be applied to
the management of erectile dysfunction (ED).

ED is defined as the inability to attain and/or maintain
penile erection sufficient for satisfactory sexual perform-
ance. ED is a widespread health concern affecting men
globally. It has been reported that up to 30 million men in
the United States and 150 million men worldwide are
estimated to be affected by ED!M, 1t is estimated that by
2025 we will see up to 322 million men affected, with
prevalence rates reaching up to 70% in men 70 years and
above!'?, Independent risk factors for ED and cardiovascu-
lar disease (CVD) are well-recognized and include age,
smoking, diabetes mellitus, hypertension, dyslipidemia,
depression, obesity, and a sedentary ]ifestyle[B'lG]. With
ever-increasing rates of CVD among men around the world,
it is no wonder we have seen a parallel increase in the
prevalence of ED as welll19,

Traditionally, ED diagnosis and treatment relied on
clinical assessments and pharmaceutical interventions.
However, with the advent of Al and machine learning
(ML), significant transformations are evident in the way
we approach and manage this sensitive health issue?”/,
This article delves into the latest advances in Al and ML
in ED management.

2 | AI TERMINOLOGY TO KNOW

The healthcare sector is witnessing rapid advance-
ments with the integration of AI and ML in
diagnostics, patient care, and treatment protocols.

a N

Machine learning

A subset of Al that enables machines to
improve at tasks with experience. Machines
get better over time with the introduction of
more data and the continuous running of the

algorithm.
/
\

/ Expert systems
A type of Al system designed to provide
solutions, recommendations, or answers to

complex problems as if it was an expert in the
field by applying knowledge derived from set

In essence, Al employs algorithms and software to
perform tasks that usually require human intelli-
gence, while ML, a subset of Al, uses statistical
methods to allow machines to improve tasks with
experience. While complex, Al systems function in
many different capacities and can be catered to fulfill
specific needs in both clinical and research settings.
Provided below is a brief overview of some of the
important nomenclature and predictive models used
when describing AI (Figure 1).

21 | ML

ML is a subfield of Al that focuses on the development
of algorithms and statistical models that enable com-
puters and machines to learn and make predictions or
decisions without being explicitly programmed[m]. In
ML, computers use data to identify patterns, make
inferences, and improve their performance on a specific
task over time. The goal is to enable machines to
generalize from past data and make accurate predic-
tions or decisions on new, unseen datal®?. Its unique
quality is the ability of the system to improve on itself
over time, without needing explicit input or updating
from the user.

2.2 | Deep learning

Deep learning is a subfield of ML and AI that focuses
on training artificial neural networks to perform tasks
by simulating the way the human brain processes
information. Using large data sets, it can recognize
patterns in imaging and records that would be

a N

Using large datasets it permits software to
train itself to perform tasks like speech and
image recognition, and recognize patterns in
imaging and records that would be otherwise

Deep learning

data. Presented using a user-friendly
interactable interface.

FIGURE 1

missed with conventional methods.

/ Natural language processing

Focuses on the interaction between
computers and human language, enabling

software to interpret and understand written
text and spoken words in a fashion similar to

how a human being would.

Definitions of artificial intelligence terminology commonly used. Al, artificial intelligence.
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otherwise missed with conventional methods. It is
characterized by the use of deep neural networks,
which are composed of multiple layers of intercon-
nected artificial neuron networks that can automati-
cally learn and extract features from data. The term
“deep” refers to the presence of many layers (hence,
“deep” learning) in these networks, which allows
them to represent complex hierarchical patterns and
relationships within data!®!. It has demonstrated
state-of-the-art performance in tasks such as image
classification, object detection, language translation,
and more, making it a crucial technology in modern
Al research and applications[24].

2.3 | Expert systems

An expert system is a computer-based information
system that emulates the decision-making ability of a
human expert in a specific domain or field of
knowledge. It is a type of AI system designed to
provide solutions, recommendations, or answers to
complex problems by applying a set of rules,
heuristics, and knowledge derived from experts in
the domain®®., Key components of an expert system
typically include: a knowledge base with an archive of
structured information and expertise to the specific
domain; an inference engine which is the software
component responsible for applying the knowledge
from the knowledge base to the specific problem at
hand; a user interface that allows users to interact
with the system, input data, and receive recommen-
dations or solutions; and an explanation module
which can provide users with explanations of the
system's reasoning process and the basis for its
recommendations or decisions®®.,

2.4 | Natural language processing

Natural language processing (NLP) is a field of AI that
focuses on the interaction between computers and
human language. It involves the development of
algorithms and models that enable computers to
understand, interpret, and generate language in a
way that is both meaningful and useful. NLP en-
compasses a wide range of tasks and applications,
including: text understanding such as text classifica-
tion (e.g., spam detection) and named entity
recognition (e.g., identifying names of people, places,
organizations, etc.), language generation (e.g., chat-
bots and virtual assistants), converting spoken lan-
guage into written text (e.g.,, Dragon software),
machine translation (e.g., google translate), question
answering, and analyzing the sentiment or emotion
expressed in text?”),

3 | AI APPLICATIONS IN THE
FIELD OF SEXUAL MEDICINE AND
MEN'S HEALTH

In the field of sexual medicine, the most widespread use
of AI has been seen in andrology[B]. With exceptionally
high costs associated with the field, these automated Al
predictive models can offer a more cost-effective and
efficient approach to the clinical management of
infertility. AI has been developed and used for the
interpretation of semen analysis’®®, determination of
sperm hyperactivation and DNA fragmentation[zg‘SO],
objective sperm selection for assisted reproductive
techniques®", imaging of reproductive structures®**%,
and more. Less commonly used in sexual medicine so
far has been the applications of Al in ED, presumably
due to the lower costs associated with treatment,
simpler diagnosis, and lower overall research funding
than infertility.

The initial steps in managing ED naturally involve a
precise diagnosis, which requires comprehensive
patient information, imaging, questionnaires, equip-
ment, and history. The bulk of AI discourse to date
has surrounded the ability of Al systems to compress
vast amounts of information to develop novel ap-
proaches to an accurate ED diagnosis that is seemingly
more sensitive and specific than a clinician's medical
decision-making, thus minimizing errors in diagnosis.
Al in diagnostics has been used to (Figure 2):

- Develop novel questionnaires that showed greater

accuracy than the established International Index of
Erectile Function (IIEF-5)5%;

Novel questionnaires

Novel equipment

Expert systems

Medical images

Al in diagnosis of ED

— Predictive models

FIGURE 2 Ways in which artificial intelligence has been
developed to accurately diagnose and/or predict erectile dysfunction.
Al, artificial intelligence; ED, erectile dysfunction.
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FIGURE 3 Ways in which artificial intelligence is being developed
to manage and treat erectile dysfunction. Al, artificial intelligence; ED,
erectile dysfunction.

- Develop equipment such as corpus cavernosum
electromyogram and digital inflection rigidometer
analyzed to yield an ED diagnosis[35’36];

- Develop expert systems used as a clinical decision
support system in men to diagnose ED without a
physician following initial evaluation by question-
naires and equipment!”*”;

- Analyze medical images such as penile Doppler
ultrasonography and positron emission tomography/
computed tomography imaging of penile arteries in
patients with prostate cancer to determine etiology of
ED[38,39];

- Predict the onset or worsening of ED as a pre-
operative risk stratification for prostate cancer treat-
ment, or predictive of postradiotherapy ED in men
with prostate cancer!*®-2],

While Al in diagnostics has been reviewed previ-
ously®”, less so has been the uses of Al in the treatment
of ED postdiagnosis. We summarize the various ways Al
has been studied in the management of ED, as well as
explore ways in which AI used in other specialties can
be applied to future ED treatment (Figure 3).

4 | AI IN MANAGEMENT AND
TREATMENT OF ED
4.1 | Virtual health assistants for ED

Discussing ED can be challenging due to the associated
stigma. It was reported that 50% of ED patients would

not seek medical attention or take ED medication with
professional advice, which leads to low diagnosis rates
and drug misusel*®. Virtual health assistants powered
by AI provide an environment where patients can
comfortably discuss their symptoms, get information,
or be directed to specialists. Patients can describe their
symptoms to these Al-powered platforms (expert
systems), which can then offer preliminary diagnoses
or suggest further tests.

One such study is currently being formally con-
ducted in a randomized control trial*, The chatbot
uses an Al model integrated with the line developer
platform to predict risks for men's health conditions
such as urinary symptoms and ED. It provides self-
management advice on issues such as prostate enlarge-
ment, urinary symptoms, and ED. It also provides
patient-centered decision-making aids that support and
encourage patients, especially in improving urination
and ED. When this study is completed, it should provide
good evidence of the impact of AI chatbot aid
intervention on enhancing self-management and
decision-making among men with ED without the need
for a physician on hand. Whether this aid will be
comparable to or worse than being treated by a urologist
remains to be seen.

In addition, we know that AI-driven chatbots can
provide psychological counseling, helping patients
address the emotional and psychological aspects of
ED, which are often left out of urology outpatient
consults®®’,  Although not an AI experiment,
Andersson et al. showed, in a randomized controlled
trial of guided internet-delivered cognitive behav-
ioral therapy for ED, that using an online discussion
group had significantly greater improvements with
regard to erectile performance compared with the
control group[46]. Developing a similar Al system to
function as an online support system is not beyond
the realm of possibilities, and would likely yield
similar results.

4.2 | Augmented reality

Augmented reality-assisted surgery was developed as
an aid during surgical procedures. Typically, an
overlay of medical images is shown on the surgical
field developed using image recognition AI. The Al
can then guide surgeons in real time, highlighting
anatomical landmarks, predicting potential chal-
lenges based on the individual's unique anatomy,
and suggesting optimal insertion sites/*”). One can see
this technology being used, for instance, in the
installation of penile prosthesis to suggest optimal
positioning and sizing, or guiding placement of the
reservoir. Eun et al. showed, during surgery for
ureteral/urethral strictures, that augmented reality
could be used to guide the surgeon to the stenotic
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areal®®. Similar technique could be used to guide

surgeons to the scarred plaque in Peyronie's disease
for appropriate surgical or medical management.

Augmented reality can also be used in the creation of
surgical simulators, and thus can play a strong role in
education and training[49]: Al-powered surgical simula-
tors can help novice surgeons or surgeons with a low
volume of a particular procedure to practice in a virtual
environment, providing instant feedback and guidance,
ensuring that they are well-prepared before they operate
on real patients.

4.3 | Surgery

In regards to preoperative planning, Al can assist in
analyzing patient data, previous surgical outcomes, and
anatomical factors to help surgeons make optimal
preoperative decisions®”. For instance, it could recom-
mend the type or size of the prosthesis based on specific
patient parameters. By analyzing large data sets, Al can
study the outcomes of thousands of penile prosthesis
surgeries to identify patterns, complications, and factors
contributing to both successful and unsuccessful sur-
geries. This can help in refining surgical techniques and
patient care protocols.

4.4 | Personalized treatment plans

One of the challenges in ED management is the broad
spectrum of underlying causes, making a one-size-fits-
all approach suboptimal. AI can sift through vast
amounts of patient data, considering everything from
hormonal levels to psychological profiles, to craft
personalized treatment plans. This could range from
lifestyle changes and medications to more advanced
treatments like vascular surgeries. In addition, ML can
adapt recommendations based on patient feedback. For
instance, if a patient reports side effects from medica-
tion, the system can suggest alternative therapies or
dosages.

4.5 |
therapy

Enhanced drug discovery and

Pharmaceutical research benefits immensely from Al Al
can analyze the vast landscape of chemical compounds
to identify potential candidates for new ED medications,
as well as potential drugs/substances that may be
causing ED. Jang et al. in Korea developed an artificial
neural network classification-driven method using the
LC-MS/MS software for screening unknown ED drugs
and analogs[SH. She reported with 100% classification

accuracy the ability to classify unknown drugs and
compounds into sildenafil, vardenafil, and tadalafil
families and non-ED compounds. This provided a
powerful tool in research to develop and classify new
unknown compounds that were not established in any
known databases. Clinically it can provide support in
diagnosing unconventional substances that could be
contributing to a patient's ED.

Yang et al. documented a case of using Al-powered
drug discovery in treating diabetic ED[?], Yang
described a technique known as “network pharmacol-
ogy” where information from complex biological data-
bases of gene/proteins or molecular interactions was
used to decide what network nodes or edges were poten-
tial targets for therapeutic intervention®. Hirudin, the
main active ingredient in the leech, could ameliorate
the ED symptoms of a diabetic ED mouse model. Using
the network pharmacology with a pool of known genes
and protein interactions, Yang was able to discover
hirudin's potential target on myeloperoxidase (MPO).
Hirudin directly interacts with MPO and inhibits its
activity, thus further decreasing the content of oxidized
low-density lipoprotein in the serum and improving
diabetic ED. Thus, Yang successfully documented a case
in ED where we can see Al's powerful potential in the
research field to discover drug and protein mechanisms
for further investigation.

4.6 | Rehabilitation and post-treatment
monitoring

Recovery and monitoring post-treatment are crucial in
ED management. Al-powered wearable devices are one
modality in which one can monitor physiological
parameters, offering real-time feedback on the body's
response to treatment. ML algorithms can adjust
rehabilitation exercises and routines based on the
patient's progress. One such device was detailed in a
2017 news article. The Fitdix smartwatch app was an Al-
driven application reported to log 100 different tech-
niques to boost arousal, sensation, pleasure and
stamina®!. Users could search for techniques or
anonymously share their favorites on the app. Fitdix
saved data on motion, pace, intensity, time, and calories
burned; users could then use this data to set new
personal goals. According to consumer trials conducted
over a 6-month period, users reported that 57%
experienced a decrease in premature ejaculation, 76%
reported an increase in natural erection strength, and
61% reported lasting longer during sex. Although the
study was not available online to be reviewed and
substantiated, this article shows the potential draw of
wearable devices to continuously monitor physiological
parameters and provide improvement in one's sexual
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function to the point of no longer needing pharmaco-
logical management.

5 | CHALLENGES AND ETHICAL
CONSIDERATIONS OF Al
APPLICATIONS IN ED

Despite the considerable work that has been done in the
development of AI technology to be used in the
diagnosis and management of ED detailed in this
article, very little has seen practical use today. For
instance, a review of the 2018 American Urological
Association guidelines for the management of ED makes
zero mention of Al or ML technology!®®. A review of the
clinicaltrails.gov site revealed only one trial worldwide
currently being conducted on Al and ED® The reason
Al has seen such limited use has to do with the
substantial challenges and ethical considerations revolv-
ing Al's application today that are detailed subsequently
(Figure 4).

5.1 | No external validation

Very few if any of the current Al models developed
within sexual medicine or throughout the healthcare
field have been externally validated to be accurate. In
fact, because of Al's novelty new external validation
systems must also be developed in tandem with Al for
them to see use. Additionally, without prospective and
blind experimental studies being conducted using these
Al systems, they cannot see applications in practice.
Clinicians rely on randomized controlled trials to
practice evidence-based medicine. Thus, these Al

No external
validation
Ethical Lack of
dilemmas nationa
databases
Challenges
of Al
application
Over- Data
reliance privacy
FIGURE 4 Challenges that are currently facing in artificial

intelligence's development and application. Al, artificial intelligence.

systems remain as interesting hypotheses in most cases
that have yet to be formally tested in a real-world
setting.

5.2 | Lack of comprehensive national
databases

The strength of Al algorithms relies entirely on the
vast amount of data available to analyze. Without
national databases that characterize and amass this
information, the data provided to develop Al systems
would be limited. There has been extensive work in
crafting and managing cancer and genomic databases
such as the Cancer Genome Atlas and Kyoto En-
cyclopedia of Genes[®"%, Unfortunately, we have no
such national databases for the recording of ED in
patients. Additionally, an AI developed using only the
population data set of a single institution would be
beneficial for that specific institution, but be less
applicable to a wider population with a different
demography.

5.3 | Data privacy

Along with the need to develop larger comprehensive
databases comes concern with data privacy. Patients
often must be signed and consented to be included in
these databases, adding workload to the clinical setting.
Handling sensitive patient data also requires robust
security measures to prevent breaches.

5.4 | Overreliance

There is growing concern that sole dependence on Al
can lead to overlooked nuances in patient care,
potentially decreasing medical decision-making abil-
ity[ﬁo]. Although this has never been proven, it still
remains a hot topic in the field. There is additional
concern that AI will be used to replace rather than
augment current practitioners, seemingly decreasing the
rate at which this technology would normally be
researched and adopted for fear of decreased reliance
on physicians in the future.

5.5 | Ethical dilemmas

Lastly, the potential misuse of AI in creating
unrealistic expectations or the dissemination of
misleading information is a concern that needs
addressing. Any chatbot or expert system created
must be extensively validated to be providing accurate
and appropriate information to the patient. After all,
where does the burden of fault lie when the Al makes
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a wrong decision, with the practitioner, the developer
of the Al, or the institution?

6 | CONCLUSION

The integration of Al and ML in ED management heralds a
new era in personalized medicine. By offering more
accurate diagnostics, augmenting surgeries in real time
and in education, enhancing research output, tailoring
treatments to individual needs, and providing supportive
virtual environments, Al is poised to transform the way we
understand and address ED. However, as with all advance-
ments, a balanced approach that melds technology with the
human touch will yield the best outcomes. The future holds
promise, but it also calls for a conscious effort to use
technology responsibly and ethically.
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