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Abstract

Objectives: To evaluate the use of machine learning (ML) techniques in predicting hernia recurrence after open
inguinal hernioplasty. This retrospective study simulates a large cohort of adult patients and examines key
clinical and operative factors (age, BMI, comorbidities, mesh type, etc.) in relation to recurrence. We compare
multiple predictive models to identify significant predictors and assess model performance.

Methods: We simulated a dataset of 1000 patients undergoing primary open inguinal hernioplasty (mean age
51.6x19.2 years;, 89.6% male). Demographics, clinical characteristics and surgical details were recorded,
including age, sex, body mass index (BMI), smoking status, diabetes, COPD, previous abdominal surgery, and
mesh type (heavy-weight vs light-weight polypropylene). Hernia recurrence within two years was the binary
outcome. Data were split into training (80%) and test (20%) sets. Predictive models included multivariate logistic
regression, random forest, support vector machine (SVM), and gradient boosting. Model performance was
evaluated by accuracy and area under the receiver operating characteristic curve (AUC). Feature importance
and interpretability were assessed (e.g. logistic odds ratios, random forest importance).

Results: Recurrence occurred in 100 of 1000 patients (10.0%,), consistent with reported rates for primary inguinal
repair. Patients with recurrence were older (median age >65), had higher BMI, and more comorbidities.
Recurrence rates rose sharply with age and BMI (e.g. 0.8% in age <50 vs 25.4% in age 265, 0.3% in BMI<25
vs 32.7% in BMI>30) (Table 2). Random forest achieved the best predictive performance (accuracy ~80.0%,
AUC=0.85), outperforming logistic regression (72.0% accuracy, AUC=0.75) (Table 3). SVM and gradient
boosting performed moderately well (AUC=0.75-0.82). Key predictors identified included BMI, advanced age,
heavy polypropylene mesh, and smoking (Table 4). Logistic regression confirmed these factors (e.g. BMI >30
and smoking associated with higher odds of recurrence).

Conclusion: In this simulated observational cohort, ML models accurately predicted inguinal hernia recurrence,
with tree-based methods showing the highest performance. Important risk factors (age, BMI, smoking, mesh type)
were consistent with clinical knowledge . The findings suggest that Al-driven risk stratification could aid patient
counseling and tailored follow-up. These results align with recent studies demonstrating high accuracy of ML
models for hernia outcomes . Clinical integration of such models may improve management of patients at high
risk of recurrence.

Keywords: inguinal hernia; recurrence;, machine learning; predictive modeling; logistic regression; random
forest; support vector machine.
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I. Introduction

Inguinal hernia repair is one of the most common general surgical procedures. Although mesh-based
tension-free techniques have greatly reduced recurrence rates, a significant minority of patients still experience
hernia recurrence postoperatively . Reported recurrence rates after primary open repair range from 0.5% to 15%,
depending on patient and operative factors . Recurrence often results from a combination of patient-related factors
(e.g. advanced age, obesity, connective tissue disorders, poor wound healing) and technical issues (e.g. inadequate
mesh fixation) . Established risk factors include elevated body mass index, smoking, diabetes, chronic cough or
straining, and suboptimal surgical technique . Identifying patients at high risk preoperatively is clinically valuable,
as it may guide surgical planning and postoperative surveillance.

Recently, artificial intelligence and machine learning have emerged as powerful tools for predicting
surgical outcomes. ML algorithms can analyze high-dimensional clinical datasets to detect complex patterns and
improve risk prediction beyond traditional statistics. For example, an ML model at a major cancer center predicted
ventral hernia recurrence with ~85% accuracy and identified factors such as obesity and bridged repair technique
as important predictors . Licari et al. demonstrated that support vector machines could achieve ~86% accuracy
for incisional hernia recurrence . However, the application of Al specifically to open inguinal hernia recurrence
has not been extensively studied.

The present study aims to simulate a retrospective analysis of patients undergoing open inguinal
hernioplasty, using machine learning to predict recurrence. We focus on several classification methods (logistic
regression, random forest, SVM, gradient boosting) and assess model performance by accuracy and AUC. We
also emphasize the explainability of models, examining feature importance to highlight clinically relevant
predictors. Our hypothesis is that ML can provide robust risk stratification for hernia recurrence, complementing
traditional risk factors reported in the literature .

II. Methodology

Study Design and Data Source: We simulated a retrospective cohort study. Patient data were assumed
to be extracted from electronic medical records at a tertiary care center (e.g. General Surgery Department,
“Metropolitan Hospital”) from January 2025 to september 30. Patients included were adults (>18 years)
undergoing elective open inguinal hernioplasty (Lichtenstein repair) with synthetic mesh. Emergency repairs for
incarcerated hernias or patients with follow-up <24 months were excluded. Institutional review board approval
and de-identified data usage were assumed.

Variables and Outcome: For each patient, we recorded demographic and clinical variables: age, sex,
body mass index (BMI), smoking status, diabetes mellitus, chronic obstructive pulmonary disease (COPD), and
history of prior abdominal surgery. Operative details included mesh type (categorized as heavy-weight
polypropylene or light-weight polypropylene) and laterality. The primary outcome was hernia recurrence, defined
as clinical or radiologic evidence of inguinal hernia at the index site within 2 years post-surgery. Recurrence was
coded as a binary variable (yes/no).

Statistical and Machine Learning Analysis: The dataset (N=1000) was randomly split into training (80%)
and test (20%) sets. Continuous variables were summarized as means+SD or medians; categorical variables as
counts and percentages. Univariate comparisons (Chi-square or t-test) explored differences between recurrence
and non-recurrence groups.

Machine learning classifiers were implemented to predict recurrence. Four supervised models were
trained: (1) multivariate logistic regression (with L2 regularization), (2) random forest, (3) support vector machine
(with radial kernel), and (4) gradient boosting (e.g. XGBoost). All predictor variables were included without
feature pre-selection. Model hyperparameters were tuned via cross-validation on the training set. Performance on
the held-out test set was evaluated by accuracy and area under the ROC curve (AUC). We also calculated
sensitivity, specificity, and other metrics. To interpret model predictions, we examined feature importance (e.g.
Gini importance in random forest) and logistic regression odds ratios. All analyses were performed using Python
(scikit-learn) or similar ML frameworks.

III.  Results

Baseline Characteristics

The simulated cohort included 1000 patients undergoing open inguinal hernioplasty. Mean patient age
was 51.6£19.2 years (range 18-90), with 896 males (89.6%) and 104 females (10.4%) (Table 1). Mean BMI was
26.9+4.0 kg/m? 217 patients (21.7%) were obese (BMI>30). Comorbidities included smoking (30.0% of
patients), diabetes (10.1%), and COPD (4.7%). Two hundred ten patients (21.0%) had a history of prior abdominal
surgery (non-hernia). Mesh type was evenly split between heavy-weight (51.0%) and light-weight (49.0%)
polypropylene (Table 1). The overall recurrence rate was 10.0% (100/1000), which is within the range reported
in previous series.
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| Table 1. Baseline characteristics of the simulated cohort (N=1000). Values are n (%) or mean+SD. |
| | |

| | |
| Age, years |51.6+19.2 |

| Sex, male | 896 (89.6%) |
| Sex, female | 104 (10.4%) |
| BMI, kg/m? [26.9+4.0 |
| Smoking (yes) | 300 (30.0%) |
| Diabetes (yes) | 101 (10.1%) |
| COPD (yes) |47 (4.7%) |
| Prior abdominal surgery (yes) |210(21.0%) |

| Mesh type — heavy-weight polypropylene | 510 (51.0%) |
| Mesh type — light-weight polypropylene | 490 (49.0%) |

Recurrence Rates by Risk Factor

Recurrence was strongly associated with several risk factors (Table 2). Increasing age and BMI were
linked to higher recurrence: only 0.8% of patients aged <50 years recurred versus 25.4% of those aged >65.
Similarly, recurrence rates were 0.3% in BMI<25, 6.0% in BMI 25-30, and 32.7% in BMI>30. Smoking and
COPD were also associated with higher recurrence (17.3% vs 6.9% in smokers vs non-smokers; 27.7% vs 9.1%
with vs without COPD). Patients with diabetes had higher recurrence (14.9% vs 9.5% without). Use of heavy-
weight mesh (versus light-weight) corresponded to a higher recurrence rate (12.9% vs 6.9%). These trends suggest
that patient factors disrupting tissue integrity (age, obesity, chronic disease) and operative factors (mesh type)
substantially affect hernia healing and recurrence risk .

| Table 2. Hernia recurrence by risk factor. Recurrence (%) = (n with recurrence / total in subgroup) x 100. |

| | |
| Age group | <50 years |4/479 (0.8%) |
| | 50-64 years | 21/226 (9.3%) |
| | >65 years | 75/295 (25.4%) |
| BMI (kg/m?) | <25 | 1/320 (0.3%) |
| | 25-30 | 28/463 (6.0%) |
| |>30 | 71/217 (32.7%) |

| Smoking status | No | 48/700 (6.9%) \
| | Yes [52/300 (17.3%) |
| Diabetes | No | 85/899 (9.5%) \
| | Yes | 15/101 (14.9%) |
| COPD | No | 87/953 (9.1%) |
| Yes | 13/47 (27.7%) |

| Prior abdominal surgery | No | 72/790 (9.1%) |
| | Yes | 28/210 (13.3%) |
| Mesh type | Heavy-weight| 66/510 (12.9%) \
| | Light-weight| 34/490 (6.9%) \
Note: Patients may have multiple risk factors; recurrence rates are stratified by factor category.

Model Performance

Table 3 summarizes predictive model performance. The random forest classifier achieved the highest
accuracy (=80.0%) and AUC (=0.85) on the test set. Gradient boosting showed similarly strong discrimination
(AUC=0.82). Logistic regression (baseline multivariate model) yielded moderate performance (accuracy ~72.0%,
AUC=0.75). SVM achieved 74.0% accuracy and AUC=0.78. All models outperformed chance (AUC=0.50), with
tree-based methods notably improving discrimination. These results align with prior reports of ML in hernia
outcomes — for example, Hassan et al. reported 85% accuracy for ML prediction of hernia recurrence .

| Table 3. Performance of predictive models for hernia recurrence (test set). Accuracy = (TP+TN)/N. AUC =
area under ROC curve. |
| | | \

| | | |
| Model | Accuracy (%) | AUC |

| Logistic Regression | 72.0 |0.75 |
| Random Forest | 80.0 |0.85 |
| Support Vector Machine | 74.0 [0.78 |
| Gradient Boosting (XGBoost) | 78.0 [0.82 |
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Feature Importance

Figure analysis and feature importance metrics highlighted the most influential predictors. In the random
forest model, BMI (importance ~0.44) and age (0.38) were the strongest factors (Table 4). Other notable
predictors were heavy-weight mesh use, current smoking, and male sex. These findings are clinically intuitive:
obesity and older age compromise tissue strength, and heavier mesh (relative to lightweight) may paradoxically
increase mechanical stress. Logistic regression coefficients and adjusted odds ratios corroborated these factors
(e.g. BMI>30 and smoking remained significant in multivariate analysis). The prominence of these variables is
consistent with the known pathophysiology of hernia recurrence .

| Table 4. Top features influencing recurrence (random forest importance). |
|

| \
| Feature | Importance |

| BMI (kg/m?) | 0.444 \
| Age (years) | 0.382 |
| Heavy-weight mesh | 0.034 \
| Smoking (yes) | 0.035 |
| Male sex | 0.035 |

Note: Importance scores are relative (sum to 1.0). Only top five features shown.

IV.  Discussion

This simulated study demonstrates that machine learning can effectively predict recurrence after open
inguinal hernioplasty using readily available clinical data. The overall recurrence rate of 10.0% matches the
expected range . We found that higher age, obesity, smoking, and use of heavy-weight mesh were strongly
associated with recurrence, consistent with surgical experience and literature . In multivariate modeling, these
factors remained significant predictors, suggesting that ML models are capturing clinically meaningful
relationships.

Among the algorithms tested, tree-based methods (random forest and XGBoost) achieved the highest
discrimination (AUC ~0.82—0.85), whereas logistic regression was less accurate (AUC ~0.75). This mirrors
previous findings in complex surgical datasets, where ensemble methods often outperform linear models . For
example, a large academic group used ML to predict ventral hernia outcomes and reported ~85% accuracy,
identifying obesity and surgical technique as key predictors . Our results similarly highlight obesity (high BMI)
and patient health status as dominant factors. The support vector machine also performed reasonably well, echoing
work by Licari et al. who reported ~86% accuracy for incisional hernia recurrence using SVM . Importantly, our
analysis prioritized explainability: logistic regression provides interpretable odds ratios, and random forest feature
importance (or SHAP values) clarifies which variables drive predictions. Such transparency is essential for
clinical acceptance of Al tools.

Clinically, an Al-powered risk model could be used preoperatively to identify patients at high risk of
recurrence. For high-risk individuals (e.g. older, obese smokers), surgeons might consider enhanced surgical
techniques (e.g. use of biologic adjuncts) or closer follow-up. Conversely, low-risk patients could avoid
unnecessary interventions. Our study underscores that patient factors (smoking, diabetes, nutritional status)
strongly influence hernia healing . Modifiable factors like smoking cessation and weight optimization might be
emphasized preoperatively if Al indicates high predicted risk.

Limitations: This study is based on simulated data and retrospective design. The absolute performance numbers
should be interpreted with caution. In practice, real-world data may introduce additional noise (e.g. variability in
surgical technique, follow-up completeness). External validation on independent clinical datasets would be
required. We also assumed complete data capture for key risk factors; missing data in practice could degrade
model accuracy. Finally, our model did not incorporate operative details like hernia size or intraoperative findings,
which may further refine predictions.

V.  Conclusion
In this modeled retrospective cohort, Al-driven models successfully predicted recurrence of open
inguinal hernioplasty with reasonable accuracy. Random forest and gradient boosting outperformed logistic
regression, suggesting added value from non-linear modeling. The most important predictors were advanced age,
obesity, smoking, and mesh type — factors well-recognized in hernia surgery. These results support the potential
utility of machine learning for personalized risk assessment in hernia repair. Future work should apply such
models prospectively and integrate them into clinical workflows to guide decision-making.
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