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analytics, this study aims to enhance surgical decision-

Abstract

Paresthesia, characterized by abnormal
sensations such as tingling or numbness, is a common
postoperative  complication  following  surgeries
involving neural structures. Accurate prediction of
paresthesia during intraoperative neuromonitoring
(IONM) can significantly improve patient outcomes.
This article explores a novel approach to predicting
paresthesia using a combination of intraoperative
neuromonitoring parameters and patient-specific

factors. By leveraging real-time data and advanced
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making and minimize postoperative complications.

Introduction

Paresthesia is a debilitating condition that can
arise from surgical interventions involving peripheral
nerves, the spinal cord, or the brain. Despite
advancements in surgical techniques and technologies,
its occurrence remains a significant concern.
Intraoperative neuromonitoring (IONM) has emerged as

a critical tool for real-time assessment of neural
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function, providing an opportunity to mitigate risks
associated with nerve injury. However, current practices
often lack predictive capabilities that integrate patient
demographics, surgical conditions, and IONM data.
This article proposes a predictive model that combines
these factors to assess the likelihood and severity of

paresthesia.

1. Patient Data Collection A dataset comprising
567 patients who underwent surgeries with
IONM was analyzed. Parameters included
demographics (age, gender, BMI), medical
history (diabetes, hypertension, neuropathy),
and surgical details (type, duration).

2. Intraoperative Neuromonitoring

Parameters The study utilized modalities such

as somatosensory evoked potentials (SSEP),

electromyography (EMG), and transcranial
motor evoked potentials (TcMEP). Key

metrics included baseline amplitude, latency,

amplitude reduction (=50%), and spontaneous

EMG activity.

3. Environmental and Physiological Factors
Real-time fluctuations in blood pressure,
temperature, and anesthetic depth were
recorded. Stimulus intensity during nerve
monitoring was also considered.

4. Outcome Assessment Postoperative

paresthesia was categorized based on severity

(none, mild, moderate, severe) and monitored

over a 90-day follow-up period.
5. Predictive Model Development A machine

learning approach was employed, utilizing

random forests and logistic regression to
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analyze the relationship between input
parameters and paresthesia outcomes. Feature
importance was determined to identify critical

predictors.

1. Descriptive Statistics

0 Mean patient age: 48.2 + 15.6 years

0 Gender distribution: 55% male, 45% female

o Pre-existing conditions: 30% diabetes, 25%
hypertension, 15% neuropathy

o Paresthesia occurrence: 22% (mild: 10%, moderate:
8%, severe: 4%)

2. Key Predictors

o Significant predictors included amplitude reduction
(=50%), prolonged latency, and spontancous EMG

activity.

o Demographics (age > 60, BMI > 30) and pre-existing
neuropathy increased risk.

o Blood pressure fluctuations >30 mmHg and
temperature changes >2°C were associated with higher

paresthesia rates.

3. Model Performance

o Accuracy: 87%

o Sensitivity: 83%

o Specificity: 90%

o Area Under the Curve (AUC): 0.92

The findings highlight the potential of integrating
IONM data with patient-specific factors to predict
paresthesia accurately. Key predictors such as
significant amplitude reductions and prolonged
latencies provide real-time insights into neural function

during surgery. Additionally, demographic and
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physiological factors enhance the model's predictive
This approach enables surgical teams to take proactive
measures, such as adjusting stimulus intensity or
modifying patient positioning, to prevent nerve damage.
Moreover, the model’s high accuracy underscores its

utility in clinical practice.

While the results are promising, further validation with
larger, multi-center datasets is required. Additionally,

incorporating biomarkers such as inflammatory

Page |3

accuracy.

cytokines could improve predictive capabilities.

Conclusion

By leveraging advanced analytics and real-time
monitoring, the proposed model provides a robust
framework for predicting paresthesia during surgery.
This innovation has the potential to transform
intraoperative  practices, reducing postoperative

complications and enhancing patient care.

Value

Parameter
Total Patients 567
Mean Age (years) 48.2 £ 15.6
Gender Distribution 55% Male, 45% Female
BMI (kg/m2) Mean: 28.4 £ 5.2

Pre-Existing Conditions Diabetes (30%), Hypertension (25%), Neuropathy (15%)

Surgery Types
Paresthesia Occurrence  22%

Spinal (50%), Peripheral Nerve (30%), Brain (20%)

Severity of Paresthesia ~ Mild (10%), Moderate (8%), Severe (4%)

Table 1: Descriptive Statistics of the Patient Cohort

Predictor
Amplitude Reduction >50%
Prolonged Latency
Spontaneous EMG Activity
Age > 60
BMI > 30
Pre-existing Neuropathy

Observed Effect
High Risk
Moderate to High Risk
High Risk
Moderate Risk
Moderate Risk
High Risk

Blood Pressure Fluctuations >30 mmHg Moderate Risk

Temperature Changes >2°C

Moderate Risk

Table 2: Key Predictors of Paresthesia
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Metric Value
Accuracy 87%
Sensitivity 83%
Specificity 90%
Area Under the Curve (AUC) 0.92

Table 3: Performance Metrics of the Predictive Model

1. Patient Demographics and Characteristics

. Bar Chart: Gender distribution (Male vs.
Female).
. Pie Chart: Pre-existing conditions (e.g.,

diabetes, hypertension, neuropathy, none).

. Histogram: Age distribution across the patient
cohort.
. Box Plot: BMI distribution with median,

quartiles, and outliers.

2. Predictors of Paresthesia

* Bar Chart: Key predictors and their relative risk levels
(e.g., amplitude reduction, latency, spontaneous EMG
activity).

» Heatmap: Correlation between predictors such as age,
BMI, and intraoperative parameters with paresthesia
occurrence.

e Scatter Plot: Relationship between amplitude

reduction and paresthesia severity.

Key Predictors and Relative Risk Levels

Spontaneous EMG Activity

Prolonged Latency

Predictors

Amplitude Reduction ==50%
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Correlation Between Predictors and Paresthesia Occurrence
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3. Model Performance

* ROC Curve: Showing the model\u2019s sensitivity
and specificity (Area Under the Curve - AUC).

 Bar Chart: Comparing performance metrics (accuracy,
sensitivity, specificity).

* Confusion Matrix: To visualize true positives, true

negatives, false positives, and false negatives.

4. Surgical and Monitoring Parameters

e Line Graph: Fluctuations in blood pressure and
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temperature during surgery.

» Stacked Bar Chart: Distribution of neuromonitoring
modalities (SSEP, EMG, TcMEP, Combined) across
different surgery types.

e Scatter Plot: Nerve stimulus intensity vs. observed

paresthesia.

5. Outcomes and Severity

e Pie Chart: Proportion of patients with no, mild,
moderate, and severe paresthesia.

e Bar Chart: Follow-up period distribution (days)

categorized by severity of paresthesia.
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+ Stacked Bar Chart: Paresthesia occurrence rates by * Decision Tree Diagram: Illustrating how the model

surgery type. predicts paresthesia based on inputs (e.g., age > 60,
amplitude reduction \u226550%, etc.).

6. Summary of Predictive Insights » Feature Importance Chart: Ranked bar chart of

predictors based on their contribution to the model.
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Distribution of Pre-existing Conditions
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Age Distribution of Patients
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