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Abstract

Background: Probabilistic decompression models enable quantitative assessment of the probabil-
ity of decompression sickness (DCS) following diving exposure. As the core component of a probabilistic
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decompression model, the mathematical formulation of the risk function exerts a significant impact
on the model’s predictive performance. Methods: In this paper, multiple risk functions with distinct
mathematical forms were designed and constructed. Experimental data from porcine saturation div-
ing trials were selected as the validation dataset. Tissue tension was calculated using an exponential-
exponential kinetic model, and a parallel theoretical tissue model was adopted to simulate the heter-
ogeneity of risk accumulation across different tissues. Based on survival analysis principles, the total
risk over the entire diving profile was quantified via integration of the instantaneous hazard function,
from which the probability of DCS occurrence was derived. A log-likelihood function was established,
and parameter optimization was performed by maximizing the log-likelihood value. The corrected
Akaike Information Criterion (AICc) was applied to balance model complexity and goodness-of-fit, to
ultimately screen out the risk functions with optimal performance under this experimental scenario.
Results: The risk function incorporating a nonlinear exponential term and a physiological threshold
term achieved favorable and robust performance in both discrimination and calibration. Conclusion:
The optimization and validation methodology for risk functions adopted in this paper exhibits ex-
cellent performance and holds broad potential for extended application in the development of other
probabilistic diving decompression models.
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Figure 1. Overall process framework
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Table 1. Risk function formula
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Figure 2. Pearson’s p-values for different risk functions under saturated diving in pigs
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Table 2. Likelihood values, AlCc values, and parameter values of different risk functions
2. TEIMMRE L. UAE. AlCc . S81E

JAT: B o B SR AlCc i SR
Do B t1: 461.77
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Table 3. Accuracy, precision, recall, and F1 score of the optimal model set
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