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Overview

e Study objectives.

 What is multi-exponential tissue kinetics?

e Prior work with multi-exponential tissue kinetics.
 Problem statement.

e Method of solution.

* Model optimization.

 Model extrapolation.

* Conclusions.




Study objectives

* Develop a general, fast solution method for
optimizing and testing interconnected
compartmental (multi-exponential)
probabilistic decompression models.

e Test the fitting quality of 4 new
interconnected models.

* Test the extrapolation quality of 4 new
interconnected models.




Multi-exponential kinetics

o Parallel, well perfused decompression models
contain multiple mono-exponential tissues.

o Multi-exponential (within an individual tissue)
kinetics can occur in tissues described with
higher-order differential equations.

* Multi-exponential gas kinetics can also result
from interconnections between first-order

tissues.
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Problem statement
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Red tissues are risk-bearing.
Arrows denote gas transfer.




Method of solution

?JI_I?:ADH-DNZ(t), peR", AeR™ (1)

Let A =SDS ™ be the spectral decompostion of A

where S IS an eigenvector matrix
and D Is the diagonal eigenvalue matrix.

Now, define the tranformation p /8 soth#E S p*' .

Then, equation (1) becomes
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New models studied

e Upper triangular (UT) L 1

. 1 s, S,
* Symmetric (SY)
S — 821 1 SZ3
e Skew symmetric (SK) S S 1
B 13 32 _

e General (GN)

e Restricted to orthogonal eigenvectors through
Gram-Schmidt orthogonalization.

A =SDS* =SDS'




Model optimization

e EE1 model used a null model.

e EE1, GN, SY, SK, and UT models trained on
Big292 data set (3322 exposures, 190 DCS,
110 marginal DCS).

 Parameters optimized in parallel by maximum
likelihood.

 Marginal DCS weighted as 0.1.

e Failure times not used.




Parameters
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Optimization results (p<0.05)
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Model extrapolation

5163 exposures not included in training set,
214 DCS, 329 marginal DCS.

e Single air, Repetitive air, Repetitive multilevel
air, Air + O, decompression, Air + surface O,
decompression, Surface decompression,
Submarine escape.

* Model parameters from optimization on
training set.

 Discrimination by group x>




Extrapolation Results
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Conclusions (p<0.05)

e Single-risk-tissue models failed training.
 GN, SY, SK, UT beat EE1 in training.

 GN,SY, UT beat EE1 in extrapolation.
e UT beat all other models in extrapolation.

* UT worked especially well on O, deco dives.

e Future work with NEDU colleagues on various
physiologically-derived and other coupled and

multi-gas models. —
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