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Detailed Calculation Method for Tb-TW-SPI
S1. Detailed Calculation Method for Tb-TW-SPI
S1.1 Data Preparation
Extract the SPI value sequence (e.g., every 5 minutes) from the anesthesia record system for each patient, from anesthesia induction (T₀) to the end of surgery (T_end): SPI(t₁), SPI(t₂), ..., SPI(t_n).
[bookmark: _GoBack]Data Acquisition and Recording SPI values were continuously monitored using a GE Datex-Ohmeda S/5™ Anesthesia Workstation (GE Healthcare, Helsinki, Finland). A finger-cuff photoplethysmographic probe was placed on the index finger of the non-blood-pressure-monitoring arm. SPI data were automatically logged at 5-minute intervals by the GE S/5 Collect software and exported as comma-separated values (.csv) files for post-hoc analysis. 
Computational Software All calculations were performed using R Statistical Software (Version 4.3.0). The following R packages were used: tidyverse (Version 2.0.0): Data import and manipulation pracma (Version 2.4.4): Trapezoidal numerical integration

S1.2 Generation of Excess Sequence
Calculate the value exceeding the threshold (43) at each time point:. When SPI(t_i) ≤ 43, ; When SPI(t_i) > 43,.
S1.3 Tb-TW-SPI Calculation Formula
Integrate the SPI_excess sequence using trapezoidal numerical integration to compute the area under the excess threshold curve:
.
The result is expressed in SPI units × minutes, where SPI is a dimensionless index ranging from 0 to 100,representing the total cumulative load of noxious stimuli exceeding the set threshold throughout the entire surgical period.
S1.4 Calculation Example
Assume a patient's intraoperative SPI recordings are: SPI = 40 at t₁ = 0 min; SPI = 60 at t₂ = 5 min; SPI = 55 at t₃ = 10 min.
The excess-threshold sequence SPI_excess is: 0, 17, 12.
Tb-TW-SPI = (0+17)/2 × 5 + (17+12)/2 × 5 = 42.5 + 72.5 = 115.0 (SPI units·min)

S1.5 Graphical Illustration

Figure S1. Schematic representation of Tb-TW-SPI calculation. The shaded area above the SPI threshold of 43 represents the cumulative nociceptive load, integrated using the trapezoidal rule.

