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S2.1 SPI Data Acquisition and Recording
Monitoring Device: The Surgical Pleth Index (SPI) was continuously monitored using a GE Datex-Ohmeda S/5™ Anesthesia Workstation (GE Healthcare, Helsinki, Finland).
Sensor Placement: A finger-cuff photoplethysmographic probe was placed on the index finger of the non-blood-pressure-monitoring arm to minimize signal artifact.
Data Logging Frequency: The S/5 Anesthesia Workstation was configured to log physiological parameters automatically every 5 minutes. This interval was defined by the default settings of the institutional Anesthesia Information Management System (AIMS). Raw SPI values represent the instantaneous reading captured at that specific logging timestamp.

S2.2 Data Extraction and Temporal Context
Timing of Extraction: Data extraction was performed post-hoc (after the completion of patient enrollment and PACU discharge). SPI data were not used for real-time calculation of Tb-TW-SPI during the surgical procedure.
Software for Extraction: Anonymized physiological trend data were exported directly from the GE S/5 Collect software (GE Healthcare) into comma-separated values (.csv) format files for offline analysis.
Data Range: For each patient, the SPI sequence was extracted covering the period from Anesthesia Induction (T₀) to Surgical Incision Closure (T_end) .

S2.3 Tb-TW-SPI Computation Software and Algorithm
Computational Environment: All calculations were performed using R Statistical Software (Version 4.3.0, R Foundation for Statistical Computing, Vienna, Austria) .
Key R Packages Used:
tidyverse (Version 2.0.0): For data import (read_csv) and manipulation.
pracma (Version 2.4.4): For trapezoidal numerical integration (trapz function) or custom integration loops.
Processing Steps:
Import: The .csv files containing the timestamp column and SPI value column were imported into R.
Threshold Application: A new variable SPI_excess was generated using the formula: SPI_excess = pmax(SPI - 43, 0).
Numerical Integration: The area under the SPI_excess curve was calculated using the trapezoidal rule. In R, this was executed using the pracma::trapz(time, SPI_excess) function, where time is the vector of timestamps converted to minutes from induction.
Output Unit: The resulting value, Tb-TW-SPI, is expressed in dimensionless units multiplied by time (SPI units × minutes) .

S2.4 Rationale for 5-Minute Sampling Interval
The 5-minute interval was dictated by the standard clinical data archiving settings of the anesthesia monitor. We acknowledge in the manuscript's Discussion section that this relatively sparse sampling may underestimate the true cumulative nociceptive load compared to higher-frequency (e.g., beat-to-beat or every 5-second) capture. The Tb-TW-SPI values reported in this study should therefore be interpreted as a conservative estimate of the suprathreshold stimulus burden.

