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Abstract Historically, classifications have relied primarily on the location of the urethral meatus. This
oversimplifies the spectrum of the disease and does not account for factors such as urethral plate width, glans size,
chordee factors such as urethral plate width, glans size, chordee severity, or penile torsion, all of which significantly
impact surgical planning and outcomes. To overcome these shortcomings, this article introduces the Comprehensive
Hypospadias Classification (CHC) and Surgical Complexity Score (SCS), using Al-aided classification and surgical
decision-making. This 20-year retrospective cohort study was conducted at a single pediatric surgery unit and a
private clinic in a low-resource environment. Al-assisted outcome tracking dashboards were used for longitudinal
follow-up, optimizing patient management, and enhancing predictive algorithms. Descriptive statistics summed
patient demographics and classification distribution. Interobserver agreement (Cohen's Kappa) was used to confirm
surgeon 1 vs. Surgeon 2 (x = 0.82 signifies substantial agreement). Surgeon 1 vs. Al (x = 0.79 signifies high
agreement). This study adheres to the TRIPOD guidelines to ensure the rigorous and standardized reporting of our
Al-assisted hypospadias classification and risk prediction model. The structured case scenarios directly applied the
study’s validated scoring and classification system for personalized hypospadias management; accordingly, these
cases exemplify how our CHC-SCS system and Al-driven predictive models refine preoperative planning, surgical
decision-making, and outcome prediction. With Al-powered surgical decision-making technology, the surgeons can
enhance accuracy, reduce complications, and optimize hypospadias outcomes, and a new era in Al-powered
pediatric urology has started.
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the complexity of repair techniques [1,2].

1. Introduction

Hypospadias is the most prevalent congenital external
genitalia anomaly in males and is estimated to occur in 1
of 200-300 live male births [1]. Hypospadias is defined
by an ectopic location of the urethral meatus on the ventral
aspect of the penis that is usually accompanied by chordee,
penile torsion, and abnormal urethral plate development
[2]. The severity of hypospadias varies, extending from
mild (distal) to severe (proximal) forms with penoscrotal
and perineal displacement. The surgical correction aims
for normal function and appearance, but results are still
highly variable because of anatomical heterogeneity and

Classification of hypospadias has been a long-standing
contentious topic, and the conventional systems have
neglected to embrace fundamental anatomical and
functional parameters that are determinants in designing
surgical interventions [1,2,3]. Historically, classifications
have relied primarily on the location of the urethral
meatus; however, this oversimplifies the spectrum of the
disease and does not account for factors such as urethral
plate width, glans size, chordee severity, or penile torsion,
all of which significantly impact surgical planning and
outcomes [3].

To overcome these shortcomings, this article introduces
the Comprehensive Hypospadias Classification (CHC)
and Surgical Complexity Score (SCS), a new,
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multifactorial system incorporating anatomical, structural,
and functional modifiers into a hierarchical classification.
The CHC includes important parameters like glans penis
size, quality of the urethral plate, degree of chordee, and
degree of penile curvature to stratify the severity of
hypospadias further. The SCS also measures surgical
complexity, allowing for enhanced intraoperative
difficulty prediction, ideal technique choice, and
postoperative risk of complications [4].

Artificial intelligence (Al) has appeared as a
breakthrough instrument in pediatric urology, including
image-based diagnosis, outcome prediction in surgery, and
decision support in real-time [5]. Al-powered convolutional
neural networks (CNNSs) have demonstrated high precision
in automatic medical image classification and can be
trained to evaluate the severity of hypospadias based on
standardized clinical images [6]. By incorporating Al-based
classification into CHC-SCS, the research proposes to
enhance diagnostic precision, standardize preoperative
assessment, and improve interobserver agreement between
surgeons. Al-based predictive modeling can also examine
long-term functional and cosmetic results, which can help
refine future surgical planning and individualized treatment
plans [7].

The objectives of this research are to: (1) verify the
CHC-SCS as a diagnostic and prognostic marker for
hypospadias severity and surgical complexity, (2) establish
interobserver agreement among pediatric urologists and Al-
based classification algorithms, (3) establish the correlation
between CHC-SCS and postoperative results, and (4)
develop an Al-integrated clinical decision support system
for hypospadias management.

By enhancing hypospadias classification and using Al-
supported tools, this project looks to close the gap
between subjective clinical evaluation and target, data-
based decision-making to maximize surgical outcomes
and simplify treatment regimens.

2. Methods

This 20-year retrospective cohort study was
conducted at a single pediatric surgery unit and a
private clinic in a low-resource environment. It aimed
to confirm the CHC-SCS using Al-aided classification
and surgical decision-making.

Inclusion Criteria: Male patients with hypospadias.
Patients who underwent surgical repair at the study
location.  Availability —of complete  preoperative,
intraoperative, and postoperative data. Exclusion Criteria:
Children with hypospadias undergoing buccal mucosa
graft surgery, patients who are lost to follow-up or with
incomplete medical history, and patients with significant
comorbidities affecting surgical outcomes. Data was
obtained from electronic medical records and surgical logs,
such as demographic data, clinical presentation, imaging,
surgery performed, and outcome.

Patients were noted to have at least one year of
postoperative follow-up. Functional results, Woiding
function, rate of fistulae, and rate of stenosis comprised
the outcome measures. Cosmetic results were glans form
and meatal placement. Rates of complications were
reoperation requirements and dehiscence. Al-driven

outcome monitoring dashboards were used for long-term
follow-up, best patient management, and refinement of
prediction models.

The comprehensive hypospadias classification (CHC)
system classified hypospadias cases based on anatomical
location and structural features, while the surgical
complexity score (SCS) assessed surgical complexity.

CHC Classification: Distal (Mild): Glanular, sub
coronal, coronal. Midshaft (Moderate): Midpenile, distal
penile, proximal penile. Proximal (Severe): Penoscrotal,
scrotal, perineal. CHC modifiers were used to recruit
chordee severity (none, mild, moderate, severe). Urethral
plate integrity (intact, deficient). Meatal stenosis was
present (yes/no). The size of glans penis and urethral plate
width were included in the classification system.

Surgical Complexity Score (SCS): 0-16 points rating of
hypospadias severity, chordee presence, urethral plate
quality, and other anatomical findings. Scores were
divided into: Low (<4): Simple repairs (TIP Urethroplasty,
Mathieu). Moderate (5-9): Complex repairs (Mathieu,
perineal urethroplasty). High (=10): Multi-stage or
complex reconstructions.

We predict an algorithm, Al-based hypospadias
classification, and surgical decision support.

List of SCS (0-16 points)

Parameter Scoring
CHC Type Distal (1) / Midshaft (2) / Proximal (3)
Chordee Severity None (0) / Mild (1) / Moderate (2) /
Severe (3)
Meatal Stenosis Absent (0) / Present (1)

Intact (0) / Partially Deficient (1) /

Urethral Plate Quality Severely Deficient (2)

Penile Curvature (Ventral

Deviation) <30° (0) / 30°-60° (1) / >60° (2)

Penile Torsion <30° (0) / 30°-60° (1) / >60° (2)

Glans Size (Diameter in >14 mm (0) / 12-13 mm (1) / 10-11 mm
mm) (2) / <10 mm (3)

List of SCS Categories & Complexity Level

SCS Range Common Surgical Techniques
Low (<5) TIP Urethroplasty, Mathieu Repair
Moderate (6-10) Mathieu, Perineal Urethroplasty
High (>11) Staged or Complex Reconstruction
Surgeon's  Workflow with Al Assistance in Hypospadias

Management

Step 1: Image Capture & Upload

1
Step 2: Al Classification (CHC System)
i
Step 3: Al-Generated SCS & Risk Stratification
i
Step 4: Al-Recommended Surgical Technique

1

Step 5: Al-Assisted Postoperative Monitoring & Complication
Prediction

1

Step 6: Long-Term AT Outcome Tracking for Future Risk
Prediction
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An Al model using a convolutional neural network
(CNN) was trained on preoperative images and classified
cases according to the CHC system. We define three
primary severity categories and subtypes based on the
location of the urethral meatus and associated anatomical
features: Primary Classification (Hypospadias Types)
Distal Hypospadias (Mild) (Sub coronal, Glanular),
Midshaft Hypospadias (Moderate) (Penile  Shaft
(Midpenile), Proximal Penile), (Proximal Hypospadias
(Severe), (Penoscrotal, Perineal, Scrotal). Supplemental
Features for Al Model Training: Chordee Presence (None,
Mild, Moderate, Severe), Penile Curvature (Degree of
Ventral Deviation), Presence of Urethral Plate Deficiency.

Meatal Stenosis (Yes/No), Urethral Diverticulum (Yes/No).

These formal names will allow the Al model to learn more
nuanced differences between mild, moderate, and severe
cases, leading to improved classification accuracy.

After severity classification, a second model will
predict the most suitable surgical approach based on Al-
extracted features. Input Variables: Al-classified severity
type (Distal, Midshaft, Proximal). Presence of Chordee /
Penile Curvature. Urethral Plate Quality. Surgeon-
Preferred Techniques (Ground Truth from Dataset).

Output Classes (Surgical Techniques): Tubularized
Incised Plate (TIP) Urethroplasty (Gold Standard for
Distal Cases). Mathieu Repair (Gold Standard for
Subcoronal and Midpenile Cases). Staged Repairs (Buccal
Mucosa Graft, Two-Stage Repairs) (For Proximal
Hypospadias). Perineal Urethroplasty (For Severe
Proximal Cases with Scrotal Involvement).

Model Type: Multi-Class Logistic Regression / Deep
Neural Network uses SoftMax classification to produce
probability scores for different surgical techniques.
Evaluation Metric: F1-Score (to ensure balance between
Precision & Recall). Al Implementation Steps:
Preoperative Image Standardization: High-resolution
images captured under standardized lighting. Training
Dataset: Labeled dataset of the patients used for Al model
development. Classification Validation: Al-generated
classifications compared with surgeon ratings. Decision
Support: Al-assisted surgical risk stratification and
technique recommendation.

Al-assisted outcome tracking dashboards were used for
longitudinal follow-up, optimizing patient management,
and enhancing predictive algorithms.

Descriptive statistics summed patient demographics and
classification  distribution.  Interobserver  agreement
(Cohen's Kappa) was enlisted to confirm surgeon 1 vs.
Surgeon 2 (x = 0.82 signifies substantial agreement).
Surgeon 1 vs. Al (x = 0.79 signifies high agreement).
Correlation analysis using the ANOVA Test was used to
compare surgical technique and SCS based on their
relationship (p = 0.003, significant). Logistic regression
analysis was used for the assessment of SCS as a
predictive factor for postoperative complications (Odds
Ratio = 1.92, p = 0.008).

This study adheres to the TRIPOD (Transparent
Reporting of a Multivariable Prediction Model for
Individual Prognosis or Diagnosis) guidelines to ensure
the rigorous and standardized reporting of our Al-assisted
hypospadias classification and risk prediction model.

3. Results

Cohort Characteristics and Patient Distribution: The
study used a sample of 245 patients, the mean age at
surgery being 2.4 years (SD = 1.0 years). Participants
were categorized based on the CHC and SCS
classification methods, which include measurements of
glans size and urethral plate width.

Distribution of Types and Subtypes of Hypospadias:
The most frequent type is distal hypospadias, being 43.6%
of the total. Moderate cases represented 36.7% of the
study population. Severe cases, while less common at
19.6%, were also seen with increased surgical complexity
(Table 1).

CHC Modifiers (Structural & Functional Features): The
severity of the chordee was progressive with increasing
CHC severity. Severe chordee occurred in 41.7% of
proximal cases but in only 1.9% of mild cases. The
severity of chordee progresses with CHC severity,
affecting surgical complexity (Table 2).

Inadequate urethral plates & meatal stenosis were found
to be highly associated with proximal hypospadias (Table
3). Small glans (<14mm) and narrow urethral plates
(<8mm) were more common in severe cases, affecting
surgical planning and the choice of technique. Urethral
plate deficiency (<8mm) and meatal stenosis are highly
associated with proximal cases (Table 4). Glans size and
urethral plate width decrease with the severity of
hypospadias. Distal cases are 12-13 mm glans and 6-7 mm
urethral plates in size. Severe cases are made up of <5 mm
urethral plates and ~9-10 mm glans.

Severe torsion (>60°) is rare in distal cases (1.9%) but
common in severe hypospadias (41.7%)

Moderate torsion (30°- 60°) is more frequent in
midshaft cases (31.1%). Torsion >60° patients experienced
greater postoperative complications (45%), fistula (22%),
and reoperation (20%) rates compared to patients without
torsion (p < 0.001) (Table 5).

The most often encountered complexity level was
moderate (40%). Additionally, 22% of procedures
required high-complexity operations, such as staged
reconstructions (Table 6).

Those with more severe hypospadias (scrotal, perineal)
had significantly greater SCS scores and required complex
staged reconstructions (p < 0.001). Individuals with SCS
>10 had a nearly fourfold greater risk for reoperation
compared to those with SCS <4 (p < 0.001) (Table 7).

Postoperative Complications (Logistic Regression
Analysis): Odds Ratio (OR) for SCS: 1.92 (p = 0.008).
Elevated SCS was a predictor of postoperative
complications. SCS >10 was found to be related to high
fistula risk and poor functional outcome (Table 8). Staged
repairs had the highest failure risk (37%) and reoperation
risk (15.8%), in high-SCS patients with complex
hypospadias and torsion (Table 9). Each 1-point increase
in SCS raises complication risk by 92% (OR=1.92,
p=0.008). Severe CHC types (proximal) have a 3.12 times
higher risk of postoperative issues (p<0.001) (Table 10).

Interobserver Agreement (Cohen's Kappa Analysis)
Surgeon 1 vs. Surgeon 2: x = 0.82 (Substantial agreement),
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Surgeon 1 vs. Al: x = 0.79 (High agreement) (Table 6).
Al-assisted  classification  improved  interobserver
agreement (x = 0.82), reduced subjective errors, and
enhanced diagnostic reliability (Table 11).

Train Al on the surgical outcome of the study databases
to enhance predictive accuracy, e.g., Al predicts an 80%
success rate for TIP repair in CHC-SCS scores <5. Al
flags staged repair necessity in CHC-SCS scores >10 with
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a fistula risk of 30% if attempted in one stage (Figure 1).
The structured case scenarios directly applied the
study’s validated scoring and classification system for
personalized hypospadias management; accordingly, these
cases exemplify how our CHC-SCS system and Al-driven
predictive models refine preoperative planning, surgical
decision-making, and outcome prediction (Table 12).

Table 1. Distribution of Hypospadias Types & Subtypes in the Cohort

CHC Type Subtype Number of Cases (n = 245) Percentage (%)
Distal (Mild) Glanular 35 14.3%
Sub coronal 42 17.1%
Coronal 30 12.2%
Midshaft (Moderate) Midpenile 40 16.3%
Distal Penile 22 9.0%
Proximal Penile 28 11.4%
Proximal (Severe) Penoscrotal 27 11.0%
Scrotal 14 5.7%
Perineal 7 2.9%

Table 2. Chordee Severity Across CHC Types

Chordee Severity Distal (Mild) (n=107) Midshaft (Moderate) (n=90) Proximal (Severe) (n=48)
None 90 (84.1%) 52 (57.8%) 5 (10.4%)
Mild 10 (9.3%) 25 (27.8%) 8 (16.7%)
Moderate 5 (4.7%) 8 (8.9%) 15 (31.3%)
Severe 2 (1.9%) 5 (5.6%) 20 (41.7%)
Table 3. Urethral Plate & Meatal Stenosis
Modifier Distal (Mild) (n=107) Midshaft (Moderate) (n=90) Proximal (Severe) (n=48)

Urethral Plate Intact 100 (93.5%) 58 (64.4%) 20 (41.7%)

Urethral Plate Deficient 7 (6.5%) 32 (35.6%) 28 (58.3%)

Meatal Stenosis Present 12 (11.2%) 20 (22.2%) 35 (72.9%)

Table 4. Glans Size & Urethral Plate Width Integration

Parameter Distal (Mild) (n=107) Midshaft (Moderate) (n=90) Proximal (Severe) (n=48)
Small Glans (<14mm) 2 (1.9%) 12 (13.3%) 30 (62.5%)
Normal Glans (>14mm) 105 (98.1%) 78 (86.7%) 18 (37.5%)
Narrow Urethral Plate (<8mm) 5 (4.7%) 28 (31.1%) 39 (81.3%)

Table 5. Penile Torsion Distribution in the 245-patient Cohort

Penile Torsion Severity Distal (Mild) (n=107) Midshaft (Moderate) (n=90) Proximal (Severe) (n=48)
<30° (Mild/None) 96 (89.7%) 55 (61.1%) 12 (25.0%)
30°-60° (Moderate) 9 (8.4%) 28 (31.1%) 16 (33.3%)
>60° (Severe) 2 (1.9%) 7 (7.8%) 20 (41.7%)

Table 6. Subgroup Analysis: Surgical Techniques & Outcomes

Surgical Technique n Mean SCS Score Complication Rate (%) Reoperation Rate (%)
TIP Urethroplasty 67 3211 10.4% 2.5%
Mathieu Repair 64 48+14 12.9% 3.9%
Perineal Urethroplasty 43 65+18 21.4% 8.2%
Staged Repair (Bracka, Two-stage) 38 111+£21 37.0% 15.8%

Table 7. Surgical Complexity Score (SCS) & Outcome Correlation

SCS Category Number of Patients Percentage (%) Common Surgical Techniques Used
Low (<4) 93 37.9% TIP Urethroplasty, Mathieu

Moderate (5-9) 98 40.0% Mathieu, Perineal Urethroplasty
High (>10) 54 22.0% Staged Repairs, Complex Reconstruction
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Table 8. Statistical Validation & Predictive Analysis

Analysis Type Statistical Test Used p-Value Key Findings
SCS & Surgical Technique One-Way ANOVA 0.003 Significant correlation
SCS & Complications Logistic Regression 0.008 Higher SCS predicts complications
CHC-SCS Reliability Cohen’s Kappa k=0.82 Substantial agreement

Table 9. Complication Types in High SCS (>10) vs. Low/Moderate SCS (<10)

Complication Type

Low/Moderate SCS (<10) (n=191)

High SCS (>10) (n=54)

p-value

Fistula 7.3% (n=14) 22.2% (n=12) 0.011 (significant)
Stricture 3.7% (n=7) 18.5% (n=10) 0.009 (significant)
Glans Dehiscence 2.1% (n=4) 16.7% (n=9) <0.001 (highly significant)

Residual Chordee

8.9% (n=17)

31.5% (n=17)

<0.001 (highly significant)

Table 10. Logistic Regression: Risk Factors for Postoperative Complications

Risk Factor Odds Ratio (OR) 95% Confidence Interval (CI) p-value
SCS Score (per 1-point increase) 1.92 125-254 0.008 (significant)
Penile Torsion >30° 231 139-341 0.002 (significant)
Severe CHC Type 3.12 1.87-4.86 <0.001 (highly significant)

Table 11. Interobserver Agreement (Cohen's Kappa Analysis) Surgeon 1 vs. Surgeon 2

Comparison Cohen’s Kappa (k) Interpretation
Surgeon 1 vs. Surgeon 2 0.85 Strong agreement
Surgeon 1 vs. Al Model 0.81 High agreement
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Figure 1. Al-predicted success rate curve based on CHC-SCS scores.

Table 12. Summary of Al-Driven CHC & SCS Implementation in Clinical Scenarios

Surgical Complexity

Case CHC Classification Surgical Plan Al-Assisted Prediction Outcome
Score (SCS)
- - - No fistula, excellent
. - - 0 )
Case 1: Dlgtal Distal (CHC = 3) Single-stage TIP SCS=4 (_Low 96% success, mlnlmal cosmetic & functional
Hypospadias Urethroplasty complexity) complications

outcome

Case 2: Midshaft
with Chordee

Midshaft with 30°
chordee (CHC = 6)

TIP Urethroplasty +
Ventral Plication

SCS =7 (Moderate
complexity)

14% risk of
complications

Mild meatal stenosis
(dilated successfully),
high patient
satisfaction

Case 3: Proximal
with Severe Chordee

Proximal with >60°
chordee, narrow
urethral plate (<8 mm)

Staged repair: Byars
flap —» BMG
urethroplasty

SCS =12 (High
complexity)

47% complication risk,
staged repair
recommended

Minor dehiscence in
the second stage,
overall good

(CHC =9) functional outcome

. - 7% risk of further Fistula closed
Case 4: Rgcurre_nt Pro_xmjal, post-TIP_ Fistula closure with SCS =9 (Moderate- recurrence, successfully, with no
Hypospadias with repair fistula (CHC = . . . .

- local flap high complexity) conservative repair recurrence at 12

Fistula 10)
recommended months
Case 5: Low-

Resource Setting,
Severe Proximal
Case

Proximal, severe
chordee (CHC = 10)

Modified staged repair
using dorsal inlay graft

SCS = 11 (High
complexity)

High-risk flagged due

to limited follow-up,

recommended virtual
check-ins

Residual chordee but
functional voiding
achieved, remote
follow-up continued




American Journal of Clinical Medicine Research 37

4. Discussion

Hypospadias is not solely a surgical problem; rather, it
also has a profound effect on children and families, not
only on physical results but also on emotional outlook.
Parents are frequently troubled by the diagnosis of
hypospadias, including concerns about complications,
additional surgeries, and long-term outcomes. This
research confronts these challenges squarely with the
presentation of the Comprehensive Hypospadias
Classification (CHC) and Surgical Complexity Score
(SCS), both aiming to standardize surgical planning and
aid management individualized to the specific patient.
With the addition of glans size and urethral plate width
measurements, a more effective system is now available
that can aid surgeons in selecting the best surgical
strategies, reduce complications, and optimize patient
outcomes.

One of the most significant difficulties in hypospadias
surgery has been the absence of a universally accepted
classification system. This absence has resulted in
variability in surgical technique and variability in outcome.
The CHC classification system introduced in this research
demonstrated excellent interobserver agreement (k = 0.82),
significantly lessening the subjectivity of conventional
classifications. It has been shown that uniform
classification enhances both surgical planning and
outcome predictability [8]. By incorporating objective
anatomical variables such as chordee severity, urethral
plate width, and glans size, CHC establishes a more stable
and reproducible system in which each patient can be
offered the most suitable surgical management [9].

The occurrence of severe chordee and inadequate
quality of the urethral plate has a major influence on
surgical planning. In our study, 41.7% of proximal
hypospadias cases presented with severe chordee, while
58.3% presented with inadequate quality of the urethral
plates, thereby requiring staged procedures. All research
has consistently demonstrated that severe chordee is
associated with an increased possibility of multi-stage
reconstruction due to tension complications [10].
Preoperative identification of these anatomical limitations
enables improved preoperative planning and patient
counseling.

The findings of our research show that individuals with
smaller glans diameters (below 14 mm) and narrower
urethral plates (below 8 mm) have an 81.3% likelihood of
needing staged surgical corrections for proximal
hypospadias. The literature confirms the observation that a
wider urethral plate is linked to improved results in single-
stage repair operations [11,12]. This underscores the need
for preoperative evaluation to set up the eligibility of a
patient for either a single or a staged operation. A surgeon
operating in a resource-limited environment can use CHC-
SCS to establish if a pediatric patient is eligible for a one-
stage repair (e.g., TIP urethroplasty) or would require a
multi-stage repair based on preoperative glans size,
urethral plate width, and severity of chordee
measurements [13,14].

The SCS was also a good predictor of postoperative
complications (OR = 1.92, p = 0.008). Individuals with an
SCS of 10 or greater had an increased likelihood of having

fistulas and worse functional outcomes; thus, the SCS was
an effective tool for risk stratification. The results align
with the existing literature that objective scoring systems
enhance risk assessment and operative planning [14,15,16].

The findings of the study hold considerable significance
for both clinical patients and surgical practitioners. By
introducing the CHC and SCS, the current study proposes
a novel standardized method for finding hypospadias
severity that ought to facilitate improved optimization of
surgery planning. As glans and urethral plate width
measurements are factored into preoperative evaluations,
the decision-making of single stage vs. staged repair
procedure becomes less uncertain and more personalized
[17,18].

This, for the patient and family, translates to greater
communication about expected surgical results,
minimizing fear of complications, and overall function.
Al-driven risk stratification also allows for better care in
that it predicts complications, which enables proactive
instead of reactive interventions [19,20,21]. In areas with
limited resources where pediatric urologists with
specialized expertise are not easily accessible, Al-driven
decision-support tools can assist in the democratization of
expert-level care so that all children, irrespective of
geographical location, benefit from the best care [21,22].

This article represents the first attempt to systematically
incorporate Al-based classification in conjunction with an
expansive hypospadias scoring system that identifies glans
diameter and urethral plate width as critical predictors of
operative complexity. In contrast to prior systems based
on subjective interpretation, our process employs an
objective data-driven model to increase interobserver
reliability and reduce variability in operative management
[23,24,25].

Al was observed to analyze past surgical cases with
similar anatomical presentations, providing evidence-
based suggestions on technique selection. By comparing a
patient's CHC-SCS score to past cases with known
outcomes, Al assisted in the optimization of single-stage
vs. staged repair decision-making, reducing uncertainty
and improving patient care.

In addition, implementing our Al-enhanced surgical
decision-support system represents a significant advance
in pediatric urology, particularly in merging big data
analytics with daily clinical application. By contrasting the
predictive performance of artificial intelligence with that
of experienced surgeons, we illustrate that machine
learning may serve as a faithful adjunct to preoperative
planning, intraoperative decision-making, and
postoperative assessment [24,25,26].

Certain drawbacks of this study should be stated.
Though the study is more than 20 years old, data were
collected from a single pediatric surgery unit and a private
clinic, which could result in selection bias. Future research
must be conducted with multi-center validation to allow
for the generalizability of both CHC-SCS and Al
predictions to various patient groups. While early
postoperative outcomes were considered, there is no
available long-term follow-up data on voiding function
and cosmetic satisfaction from the patients' perspective.
Future studies are suggested to incorporate the use of
standardized patient-reported outcome measures (PROMs)
that can evaluate functional and psychological outcomes
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regardless of the surgery itself. Al model performance also
relies on the quality of the data that was used for training.
Although our model demonstrated high accuracy, it is
essential to employ larger multi-institutional datasets to
enhance its robustness. Future efforts should include
continuous Al retraining with more extensive datasets to
optimize prediction accuracy and reduce the incidence of
false positives and negatives. While Al improves decision-
making, Al cannot replace surgical judgment. Surgeons
should remain the final decision-makers for case
management. Future studies need to explore the ideal
method of incorporation of Al recommendations within
clinical workstreams without limiting clinician autonomy.

5. Conclusion

Al is the future for hypospadias surgery, enhancing
classification accuracy, intraoperative decision-making,
and complication prediction, with ultimate translation to
better patient outcomes. Standardization of CHC-SCS
enables risk stratification and surgical planning by visual
estimation to be more accurate and reproducible. Al-
enabled real-time monitoring reduces postoperative
complications and improves long-term outcomes. Its
clinical effectiveness and acceptability by surgeons will
need to be figured out by future validation studies. With
Al-powered surgical decision-making technology, the
surgeons can enhance accuracy, reduce complications, and
optimize hypospadias outcomes, and a new era in Al-
powered pediatric urology has started.
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