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Abstract

Varicocele is a common entity found in 15% of men and is the most common
reversible cause of male factor infertility. Guidelines have been developed to
guide urologists in deciding which patients would benefit from var-
icocelectomy. Yet studies published over the last decade showed the emer-
gence of predictors of success of varicocelectomy using nomograms and
other predictive models with statistical analysis. The emergence of artificial
intelligence (AI) and machine learning revolutionized the clinician's
approach to medicine. The virtual branch of Al, represented by machine
learning, has been a very exciting topic for clinicians and researchers over the
last years, especially after the launching of ChatGPT-3.5. Urology has been at
the forefront of integrating advances in Al into its everyday practice. We aim
to shed light on the present literature describing the use of Al in predicting
the outcomes of varicocelectomy. Machine learning is being used to predict
the improvement in semen parameters after varicocelectomy. These algo-
rithms are derived from studies and data present in the literature and pre-
dictive models developed throughout the last two decades and have a
superior performance to that of traditional nomograms. However, these
models require further research and validation but are anticipated to surpass
the accuracy of all current resources, setting forward a new era of varicocele
workup and management in the years to come. This paper offers a wide
review on the current evidence behind varicocele surgery and the integration
of Al in medicine, urology and its use in predicting improvement in sperm
parameters post-varicocelectomy.
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12% of men with normal semen parameters, which
suggests its role in affecting male fertility and normal

Varicocele is defined as an identifiable varicose vein that
is a consequence of an abnormal dilatation of the
spermatic vein and, subsequently, the pampiniform
plexus within the spermatic cord!™. Overall, it is iden-
tified in 15% of all healthy men'. It is found in up to
25% of men with abnormal semen parameters, but only

sperm productionm. In fact, it is the most common
reversible cause of infertility affecting around 35%-40%
of men with primary infertility and 80% of men with
secondary infertility>*!,

The causes and the pathophysiology of varicocele
remain on unsteady grounds. However, many theories

Oussama G. Nasrallah and Moustafa A. Al Hattab contributed equally to this manuscript and are first authors.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2025 The Author(s). UroPrecision published by John Wiley & Sons Australia, Ltd on behalf of Higher Education Press.

UroPrecision. 2025;3:61-70.

onlinelibrary.wiley.com/r/uroprecision 61


mailto:bb12@aub.edu.lb
https://onlinelibrary.wiley.com/r/uroprecision
http://creativecommons.org/licenses/by/4.0/

62|

UroPrecision

have been proposed to elucidate its impact on male
fertility. These include elevation of intra-testicular tem-
peraturels], hypoxia[ﬁ], increase in oxidative stress[S],
increased venous pressurem, hormonal imbalance, in
particular the decrease in testosterone!®, and the reflux
of toxic metabolites to the testicle from adrenal or renal
origin[gl.

The mainstay for diagnosis of varicocele remains the
physical examination, which is to be performed in a warm
room, both in the supine and standing positions. The
scrotum should first be visualized for the detection of a
visible varicocele, then palpated. Finally, the examination
should include an assessment of the veins with the patient
performing the Valsalva maneuver'?. Various grading
systems have been proposed over the years to help stan-
dardize varicocele grade documentation, with the Dubin
and Amelar grading systemm] most commonly utilized as
follows: Grade 1, defined as the presence of varicocele
expressed upon Valsalva maneuver; Grade 2, defined
as the presence of varicocele upon palpation without
the Valsalva maneuver, but not visible; and Grade 3,
which represents varicocele that is visible through the
scrotal skin while the patient is standing[m]. In addition to
assessing for the presence or absence of a varicocele,
another important aspect of the physical examination,
especially in the context of fertility, is the assessment of
testicular size. This can be done either using an orchid-
ometer, or through the more reliable trans-scrotal ultra-
sonography, where testicular size and size discrepancy can
be properly assessed, and where a radiological confirma-
tion of varicocele can be obtained!"?,

Varicocelectomy is a surgical procedure in which the
internal spermatic veins are ligated and is a commonly
performed procedure in infertile men. Several guide-
lines have been developed to guide urologists in the
proper selection of patients with varicoceles who may
benefit from Varicocelectomy[lsl. Furthermore, several
authors have also developed nomograms and predictive
models using logistic regression to help predict the
outcomes of such a procedure. However, despite all this,
it is still difficult for us to predict whom from our pa-
tients actually need surgery, and what the potential
benefit may be.

The worldwide surge in the adoption of artificial
intelligence (AI) and the race to incorporate its inte-
gration into all different fields confirms its increased
importance as an essential and unseen component of
everyday lifel'*!. The application of Al in medicine fol-
lows two different paths: physical and virtual!'®!, Physi-
cal artificial intelligence started with the invention of
robots back in 1921, followed soon after by increasingly
sophisticated medical devices, metamorphosing in the
early 2000s to surgical robotic systems[ls]. These systems
were first developed by the American Intuitive Surgical
company, named Da Vinci, FDA-approved in the year
2000, and with now more than 7500 systems being used
worldwide!™®,

The virtual branch of Al, represented by machine
learning, has been the hot topic for the past few years,
marking international media recognition and an
increased interest after the launching of the refined
and more robust ChatGPT-3.5, a chatbot model
introduced in November 2022 by OpenAl based on a
large language model that was pretrained using large
data allowing it to mimic human intelligence[w'm].
Machine learning uses mathematical algorithms and
statistical models to learn from patterns in data, and
therefore able to learn and reproduce these patterns
when fed with a new set of data!'®!. Machine learning
includes the concept of deep learning, which goes a
step further by learning from data through complex
artificial neural networks that mimic the human
brain!*®),

Although marketing, customer support, data man-
agement and many other fields have seen an extreme
reliance and application of machine learning models to
increase efficiency; healthcare and medical science were
relatively restricted in comparison, undermining a great
potential of a revolutionized approach to patient
carel'®),

The integration of Al in medicine has also reached
urology in all its various fields, with Al models being
used in urologic oncology to help in the diagnosis of
prostate cancer*®, and in robotic surgery where Al is
used to facilitate intraoperative steps[m.

Nomograms are a simplified entity in which vari-
ables may be inserted in a certain model to obtain
predictive values of a certain outcome through a two-
dimensional diagram with certain variables on one side
and the predicted outcome on the other!*®, Numerous
nomograms and prediction models have been published
in the literature such as those developed by
Maimaitiming et al.[lg], and Kandevani et al.?”. These
models stress the importance of predictive factors that
would assist urologists in taking the decision of oper-
ating on varicoceles.

Interestingly, the literature now contains several
articles in which AI may be used to help predict the
outcomes of varicocelectomy and thereby potentially
replace nomograms as tools of predictive outcomes.

The purpose of this article is to review contemporary
literature on the use of machine learning and Al in
predicting the outcomes of varicocelectomy.

2 | METHODS
A thorough literature review was done on Medline,
PubMed, and Embase using the following search criteria
On Medline: (exp Artificial Intelligence/OR ((deep*
OR machin*) adj3 (learn* OR languag*)).mp. OR
ChatGPT.mp. OR (artificial* adj3 intellig*).mp. OR (al-
gorithm*.mp. OR ALmp.) AND (exp Varicocele/OR
varicocel*. mp. OR (pampiniform adj3 plexus).mp.)
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On PubMed: ((“Artificial Intelligence”[Mesh] OR
“Artificial Intelligence”[tw] OR (“deep learning”[tw] OR
“machine learning”[tw]) OR ChatGPT[tw] OR Al[tw])
AND (“Varicocele”[Mesh] OR varicocel*[tw] OR “pam-
piniform plexus”[tw]))

On Embase: (‘artificial intelligence’/exp OR ‘artificial
intelligence’ OR ‘deep learning:ti,abkw OR ‘deep
learning’/exp OR ‘machine learning’/exp OR ‘artificial
neural network’/exp OR ‘machine learning’:ti,ab,kw OR
chatgpt:ti,ab,kw OR ‘chatgpt’/exp OR ai:ti,ab,kw) AND
(‘varicocele’/exp OR ‘varicocele’ OR varicocel*:ti,ab,kw
OR ‘pampiniform plexus’:ti,ab,kw)

The titles and abstracts of all the papers were re-
viewed by two independent investigators, and only pa-
pers relevant to the latter topic were selected. Dis-
agreements were resolved by consensus with the
corresponding author. All selected articles were thor-
oughly reviewed and included in this study. No
unpublished studies were described.

Articles included were studies that addressed machine
learning and varicocelectomy. Articles addressing robotics
and varicocelectomy were excluded. All retrieved articles
were in English, and therefore, no language barriers were
encountered. References of all papers were scanned for
additional relevant articles, although none was found to
meet the inclusion criteria as shown in Figure 1. The risk
of bias was not assessed for the purpose of this narrative
review.

3 | RESULTS

Following an extensive literature review of Medline,
PubMed, and Embase databases on the intersection of
virtual Al and varicoceles, 182 articles were retrieved.
Forty-one articles were triplicates among PubMed,
Medline and Embase. 28 articles were duplicates
between Medline and Embase. The rest of the 72 articles
were screened, and 37 were excluded as they did not
address varicoceles, the primary topic of this article. The
remaining 35 articles were then assessed for eligibility,
and 30 were excluded as they tackled robotics in relation
to varicocele management, with no mention of virtual
artificial intelligence and machine learning. The
remaining five articles were then included in the review.

4 | VARICOCELE SURGERY:
BENEFIT, OUTCOMES AND
CALCULATORS

Varicocele repair has been a hot topic of debate over the
last several decades, especially as it pertains to the
selection of the surgical candidates that are to undergo
varicocelectomy. Nevertheless, guidelines have been de-
veloped to allow urologists to properly select patients that
may benefit from varicocelectomy. According to the most

updated European Association of Urology (EAU) guide-
lines, these patients are those that satisfy one of the fol-
lowing criteria (strong recommendation): adolescents
with testicular size discrepancy of more than 2 mL or 20%
confirmed on two subsequent visits 6 months apart risk
ratio (RR). Patients having abnormal semen parameters
and inability to conceive with the female partner having
good ovarian reserve. There is still a weak recommen-
dation to perform varicocelectomy for patients with
raised DNA fragmentation index with unexplained
infertility and having failed assisted reproductive tech-
niques, including recurrent pregnancy loss, failure of
embryogenesis and implantation[m].

Current evidence suggests that microsurgical sub-
inguinal varicocelectomy is the most effective surgical
technique in the treatment of varicoceles as it signifi-
cantly improves pregnancy rates compared to other
surgical techniques, as shown in a Cochrane review
done by Persad et al, with RR intrauterine insemination
(1UI1) = 1.18222%! 1t provides superiority in terms of
improvement in sperm concentration and sperm
motility, as well as decreased complication and recur-
rence rates as compared to open and laparoscopic
varicocelectomy as shown in a meta-analysis done by
Wang et al., and in a randomized controlled clinical trial
by Bryniarski et al.2¥2324 However, this procedure
requires specialized microsurgical training to perform
effectively and achieve the best outcomes for patients,
which may not be available to everyone.

A more recent meta-analysis by Argawal et al.,
showed significantly improved semen parameters
compared to untreated controls post-operatively in
terms of sperm concentration, total sperm count, pro-
gressive sperm motility, normal sperm morphology, but
no significant difference for semen volume!®. The au-
thors concluded that varicocelectomy is effective in
improving semen parameters in patients with clinically
significant varicocele.

Varicocele repair has also shown benefit in other
clinical scenarios such as patients with non-obstructive
azoospermia (NOA). Multiple studies have investigated
the role of varicocele repair in patients with NOA,
looking particularly at the chances of retrieval of sperm
in the ejaculate post-surgery. A meta-analysis done by
Esteves et al, evaluated the impact of varicocelectomy
on patients with clinically significant varicocele and
NOA and showed increased sperm retrieval rate on
operated patients[%].

Additionally, in a meta-analysis by Chen et al., var-
icocelectomy was shown to significantly improve post-
operative testosterone levels by 34 ng/dL. In a subgroup
analysis of hypogonadal men who underwent var-
icocelectomy, patients showed a testosterone increase
by 105.65ng/dL as compared to their non-operated
counterparts[27'28]. Despite the suggested benefit of
varicocelectomy in hypogonadal men, patients under-
going surgery for infertility are to be counseled that the
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FIGURE 1

benefit of this procedure to treat hypogonadism is yet to
be properly determined by prospective randomized
controlled trials.

The benefit of varicocelectomy also extends to pa-
tients with the most severe forms of oligospermia,

v

not address the intersection of
virtual Al and varicoceles, which is
critical focus of this study, but rather
tackle only robotics in the
management of varicocele.

(n=130)

PRISMA flow diagram for studies on the application of artificial intelligence in varicocelectomy.

potentially allowing for the downgrading of assisted
reproductive techniques (ART) required by the couple.
A study done by Cayan et al., showed that patients un-
dergoing varicocelectomy have the chance to perform
less invasive procedures of assisted reproductive
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techniques than their non-operated counterpartslzg]. In

another study, Samplaski and colleagues showed that
men undergoing varicocelectomy have a statistically
significant increase in total motile sperm count with the
most pronounced increase in patients with severe oli-
gospermia. This allowed patients to be candidates for
IUI or spontaneous pregnancy instead of in vitro fertil-
ization (IVF) or introcytoplasmic sperm injection [s01
further demonstrating the value of varicocelectomy in
different clinical scenarios, including downgrading the
level of invasiveness of ART.

Several studies have attempted to describe predictive
factors of successful varicocelectomy, including impro-
vements in sperm density, motility and morphology in
addition to pain resolution. A study done by Chen et al,,
found that high testicular volume (>29.6 mL), lower serum
concentration of FSH (< 11.3), and high number of ligated
veins (>9) are predictors of successful Varicocelectomy[su.
Another study done by Altunoluk et al., examined the
associated resolution of pain post varicocelectomy and the
duration of the pain pre-operatively. It was shown that a
duration less than 3 months predicted a better pain reso-
lution in patients undergoing surgery[?’z]. A nomogram
designed by Maimaitiming et al., contained the following
variables: age, semen parameters pre-operatively, serum
testosterone, and testicular atrophy index. This model was
able to predict improvement in sperm count, concentration,
and vitality with area under the curve (AUC) of 0.915, 0.986,
and 0.924, respectively. The model showed a good predic-
tive performance; however, due to the single-center sample
size, the study lacks external Validity[lg]. Another prediction
model was developed by Kandevani and colleagues,
showing a predictive value of body mass index, neutrophil/
lymphocyte ratio and baseline total motile sperm concen-
tration in predicting successful outcomes of var-
icocelectomy. A score was given for each of these param-
eters, the summation of which if greater than 5 would
predict varicocelectomy failure with 87.5% sensitivity and
84.6% speciﬁcity[m]. This stresses on the importance of the
pre-operative variables mentioned, which would signifi-
cantly impact the outcomes of varicocelectomy and should
be “plugged in” the nomograms suggested pre-operatively
to estimate the likelihood of success of the surgery.

5 | AI IN MEDICINE AND
UROLOGY

Urology has been at the forefront of integrating advances
in artificial intelligence into its everyday practice. Both the
physical and virtual branches of AI have seen a vast
application in the field. Physical Al represented by robotic
surgery is now widely used by urologists for procedures
such as prostatectomy, wherein robotic prostatectomy is
gradually replacing both laparoscopic and open prosta-
tectomies. In parallel, methods of integrating machine
learning and virtual Al into the everyday life of practicing

urologists are also being advanced. Several novel machine
learning methods to more efficiently predict prostate
cancer have been published, taking for instance a study by
Nitta et al. that created models and tested their perform-
ance against previously used PSA density and PSA
Velocity[33]. Deep learning approaches are also being
applied for the accurate segmentation of images in fusion
biopsy, used to correlate magnetic resonance (MR) and
trans-rectal ultrasound (TRUS) imaging, with a similarity
coefficient of 93%",

An increasing number of studies are proposing artifi-
cial intelligence models in the field of andrology and male
fertility. A study by GhoshRoy et al. applied and compared
7 industry-standard machine learning models in terms of
performance for predicting male infertility[35]. Multiple
models were created including support vector machine,
random forest, decision tree, naive bayes, logistic regres-
sion, adaboost, and multi-layer percepﬁon[gs]. The input to
the models consisted of data with information on en-
vironmental and lifestyle factors considered by the World
Health Organization (WHO) to affect male fertility,
including the season in which the analysis was performed,
the age at time of analysis, childhood diseases, previous
trauma, surgical history, high fever in the last year,
smoking, alcohol consumption, and sitting hours
per day[35]. The robustness of each model was assessed
through cross-validation techniques, with the best model
shown to be the random forest model, reaching an accu-
racy of 90.47% and an AUC of 99.98% in detecting male
infertﬂity[35]. The study then goes one step forward by
applying Shapley additive explanation (SHAP) to examine
the significance and impact of the different factors on each
model to transparently and efficiently allow clinicians to
understand and validate the results of the prediction given
by the models®. AT models with potential clinical use in
urology have also been developed to classify sperm head
characteristics, classify and predict sperm motility, mea-
sure sperm concentration, rank sperm cells based on DNA
quality, assess sperm morphology, and predict whether a
semen sample is suitable for artificial insemination based
on videos®?,

Furthermore, in a study by Bachelot et al., machine
learning-based models have been applied to predict the
success of testicular sperm extraction in patients with
NOA, with a random forest model reaching a performance
area under the curve (AUC) of 90% with a sensitivity of
100% and specificity of 69.2%, demonstrating a superior
performance vis-a-vis multivariate logistic regression
models®”. Such models further strengthen the case for
integrating machine learning to urology.

6 | AI IN VARICOCELECTOMY

This section discusses the findings of the five articles
retrieved. Following an overview of these findings
summarized in Table 1, a detailed discussion on the
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implications and insights from the results will be
presented.

In 2016, a systemic review was published by Esteves
et al. addressing the benefit of varicocele correction in
improving outcomes of the microsurgical testicular ex-
traction of sperm (mTESE) procedure in patients with
azoospermia, and suggesting a substantial role for
machine learning in predicting fertility in these pa-
tients?®. A basic science study published in 2018 by
Perruzza et al. develops an artificial neural network to
predict varicocele impact on male fertility in rat models
using endocannabinoid gene expression as the only
input. The model's prediction has a substantially low
average prediction error of only 198, In 2022, Ory et al.
published a study that proposes a machine learning
model to predict the prognosis in terms of fertility after
the varicocelectomy procedure, based on clinical, hor-
monal, and laboratory input. The model performed well
with an AUC of 0.72 in predicting clinically meaningful
upgrading of fertilitym]. Later in 2024, Crafa et al.
published a narrative review for predictors of improve-
ment in sperm parameters after varicocelectomy. The
study suggests a potential synthetic role for artificial
intelligence through the creation of a model that would
predict who would potentially respond to treatment
based on inputs such as physical examination, scrotal
ultrasound, hormonal values, pre-operative sperm
parameters, and other markers. Such a model would
decrease the rate of unnecessary surgery[40]. Finally,
Calogero et al. published a narrative review in 2024 that
summarizes the available literature on the intersection
of Al and andrology, tackling many topics such as
infertility diagnosis, andrological diagnosis, assisted
reproductive techniques, imaging, and surgery. This
review mentions the study by Ory et al. tackling AI and
varicoceles to illustrate the interaction of machine
learning and andrology[‘“].

6.1 | Machine learning models versus
Nomograms

A nomogram is a two-dimensional diagram or graphical
representation with certain variables on one side and an
outcome to predict on the other, allowing through
simple geometrical construction to prognosticate a
clinical event"®!. Machine learning, on the other side,
can handle more complex relationships while nomo-
grams can only predict linear ones!'®, Nomograms are
currently widely used to make clinical decisions in
urology.

A nomogram to predict changes in semen parame-
ters after varicocele repair in infertile men was proposed
in 2014 by Samplaski et al."?, However, a multi-center
study by Jang et al., that tested the external validity of
this nomogram, revealed a low explanatory power,
challenging its usefulness in the preoperative setting[43].

A more recent study by Ory et al. looked into creating a
new model using a machine learning model to predict
fertility post-varicocelectomy, and demonstrating its
superiority compared to traditional nomograms[39]. This
study was peculiar in that it did not focus on a change in
semen parameters to define a successful outcome®,
Such an outcome would overestimate the success of
varicocelectomy as not all changes in sperm parameters
are clinically significant. Instead, the study took “clini-
cally meaningful” change in sperm parameters as an
outcome, defined as granting the patient access to a
previously unavailable form of reproduction[so]. For
instance, being able to conceive through IUI post-
varicocelectomy when only IVF was possible prior to the
procedure was considered a clinically meaningful
change. The Al model developed was able to predict the
outcome with a performance AUC of 0.7219, performing
extremely better than the nomogram previously used,
and reaching a performance comparable to nomograms
currently used as the standard of care in urology: The
Memorial Sloan Kettering prostatectomy nomogram,
which predicts the extent of prostate cancer and long-
term results following prostatectomy, having an AUC of
0.741%),

Interestingly, the machine learning model developed
by Ory et al. was based on the following inputs: surgical
laterality (unilateral or bilateral), baseline semen con-
centration and FSH'®®.. The nomogram on the other
hand, included inputs such as varicocele grade, mean
sperm concentration, mean volume, motility, age, and
others, while still performing poorer as compared to the
Al model, despite the higher number of inputs[42].

Although success rates of varicocelectomies vary
between 66% and 70%, a change in sperm parameters
does not necessarily mean improved fertility[sg]. In the
study previously mentioned by Cayan et al., less than
50% of patients with oligospermia who were candidates
for TUI had a clinically meaningful change post
varicocelectomy, which encourages the use and
implementation of machine learning models to help us
predict the optimal surgical candidate, while simulta-
neously avoiding unnecessary surgeries and their asso-
ciated morbidities on patients who might not benefit
from them, especially if other means of conception are
still available. Therefore, a patient with oligospermia
who is expected to undergo IUI and is unlikely to
achieve a new means of conception following var-
icocelectomy may not be advised to undergo the pro-
cedure. Such findings encourage the implementation of
deep learning models in the current guidelines, to
optimize patient care.

However, a study by Esteves et al. demonstrated a
benefit of varicocelectomy in improving sperm retrieval
rate in patients with azoospermia originally planned to
undergo mTESE. This study suggests the need for
implementation of a separate machine learning model
to predict fertility in patients undergoing mTESE?®,
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6.2 | Basic research with clinical
promises

Further broadening the scope and application of Al,
the search for the molecular contributors to fertility is
a major topic in basic research, with the en-
docannabinoid system being recognized as a key
player in the field of reproduction, with involvement
in several mechanisms related to germ cell and
gonadal cell physiology[ss]. Taking Al in predicting
fertility one step further, an animal study by Perruzza
et al. applied an artificial neural network to predict the
fertility of rats with varicocele using endocannabinoid
gene expression as the only input, achieving an
accuracy of 99%[%%). Given that the endocannabinoid
system was demonstrated to be conversed across rats
and humans®®®, this study and others lay the
groundwork for the potential of a molecular labora-
tory test that helps predict fertility with high accuracy
in the presence of varicocele in humans.

6.3 | Future perspectives

In light of this review, our future perspective on the role
of virtual artificial intelligence in the management of
varicoceles is its potential integration into our daily
guidelines. The American Urological Association advises
an elaborate algorithm for varicocele repair depending
on clinical factors, semen analysis, and personal pref-
erences*!!. Potential modifications to these guidelines
could include an intermediary step involving the use of
a deep learning model to predict fertility based on
clinical, hormonal, and laboratory markers, and only
offering varicocelectomy in case a clinically significant
improvement was predicted. Further regular follow-up
and model running could also allow the clinician to
reconsider the option of surgery in patients who did not
undergo a correction on their first visit, if a clinically
significant potential improvement is detected. Such
modifications are only suggestions that need further
observational research, prospective trials, along with
elaborate validation, to see the light. On the long run,
such modifications would allow a significant decrease in
overtreatment and patient dissatisfaction. However,
limitations related to the use of Al are concerns for both
transparency and patient confidentiality. The storage of
data fed into artificial intelligence and the potential for
breaches in patient confidentiality are still unclear!*!l,
Moreover, deep learning models act as black box
models, as compared to the transparency of running
nomograms where the path from predictors to out-
comes can be visually tracked™®!. The concept of “black
box” models limits model interpretability and refine-
ment through human efforts, but also comparability to
choose the best Al model out of the ones developed that
is to be considered standard of management. Virtual Al

also needs large hardware and infrastructure that may
not be available in all clinical settings to make decisions,
limiting patient accessibility“”.

6.4 | Limitations

This narrative review has several limitations, starting
with the limited number of articles on Al and vari-
coceles retrieved from the literature. Al has only
recently become a prominent topic, making this lim-
itation in available articles expected. However, the
number of publications on this topic is anticipated to
rise exponentially in the coming years. The studies
retrieved used smaller-scale datasets to develop and
validate models, limiting generalizability[gg]. Two of
the five included articles are reviews that briefly
looked at AI in the context of varicocelectomy but
were still included for completeness[26’4°]. No clinical
trials were discussed in this review, as none were
retrieved from the literature. Moreover, the available
literature could be subject to publication bias, as Al
research is currently considered cutting-edge, and
negative findings could have a harder time being
published. The study was also limited in the risk of
bias assessment of the retrieved literature.

7 | CONCLUSION

Virtual artificial intelligence is slowly infiltrating our
daily lives, and will soon be part of every aspect of
human activity, creating previously unimaginable
changes to the way we navigate life. This intelligence is
currently spreading and its application to all different
fields is currently being thoroughly investigated. In the
fields of urology and andrology, studies using deep
learning models have helped predict sperm parameters,
prostate cancer, and the success of testicular sperm
extraction. Machine learning models have been deve-
loped to predict the success of varicocelectomy using
sperm parameters, with a performance superior to that
of traditional nomograms. Such models need more
validation and research, but are anticipated to surpass
the accuracy of all current resources, setting forward a
new era of varicocele workup and management in
the years to come.
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