A elata] : 2000; 5: 21~30 O X0

MANES BF 34 A e o] £

Badsta oo vzetad, o) 2enay
WER AT - NS - AZE - QAT HSY - HHB

= Abstract =

Chaos Theory Using Pulse Wave Signal for the Evaluation of
Anesthetic Depth and Pain Stiffness

Seong Wan Baik, M.D., Hae-Kyu Kim, M.D., Sang-Wook Shin, M.D.
Kyung-Hoon Kim, M.D., Sang-Ki Min*, Su-Young Ye*, and Gye-Rok Jeon*
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College of Medicine, Pusan National University, Busan, Korea

Background: During operation, patient’s pulse wave signal among ECG, EEG and pulse wave, which
are vital signals, are very useful to find out mechanical situation of heart, blood flow, and rarely received
electrical noise from high frequency equipment. In this study, we analyzed anesthetic depth during
surgical operation and pain stiffness of cancer patients using patient’s pulse wave.

Methods: To analyze non-linear feature of physiological parameter, we reconstructed a strange attrac-
tor using time-serial data with quantity and quality methods. The quantity method is a return-map and
the quality method is a correlation-dimension. For reconstructing a strange attractor, two factors were
needed, delayed time and dimension. After detecting correlation dimension values based on delay-time,
embedding dimension, we compare BIS index to indicate depth of anesthesia and pain stiffness of cancer
patient to correlation-dimension values.

Resuits: According to the return-map, getting lower correlation-dimension values, it showed the more
unstable patient’s situation. Retum-map of low correlation-dimension values showed that geometrical
structures were small, discrete and simple. The results of correlation-dimension values using second
differential in pain stiffness showed over 2.5 at normal, 1.5—2.0 at good, 1.1—1.3 at fair and below
1.1 at poor state. The results of correlation-dimension values from using second differential reflected
patient’s state of painless or painful. Also they showed over 90% accuracy respected to doctor’s diagnosis.

Conclusions: Continuous and efficient studies analyzing the feature of parameters will be needed.
In the future, they will be able to apply to the patients who have autonomic dysfunction, vascular disease,
nerve system disease as well as patients in the intensive care unit by using pulse waves which reflect
state of patient suffering from the pain.

Key Words: Anesthetics: isoflurane; propofol. Equipment: bispectral index; anemon; chaos. Pain:
cancer.
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Table 1. Demographic Data of Anesthetic Depth Groups

Anesthetics  Sex/Age Disease Operation Case number
Isoflurane Fj42 Uterine cervical cancer Total abdominal hystrectomy Case 1
F/42 Uterine adenomyoma Total abdominal hystrectomy Case 2
F/49 Ovarian tumor Bilateral oophrecomy Case 3
F/69 Ovarian tumor Total abdominal hystrectomy
& Bilateral oophrecomy Case 4
Propofol F/19 Mandible prognathism Bilateral sagittal splitting osteotomy Case 5
F/33 Uterine cervical cancer Total abdominal hystrectomy Case 6
M/41 Stomach cancer Subtotal gastrectomy Case 7
F/44 Uterine myoma Total abdominal hystrectomy Case 8
Table 2. Demographic Data of Terminal Cancer Group
Control Breast Liver Lung Uterus Stomach Total
cancer cancer cancer cancer cancer
Number of patients 2 2 2 2 2 1 11
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Fig. 1. This block-diagram shows a general system using
this experiment.
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Fig. 2. This block-diagram shows the analysis-flowchart
of return-map and correlation dimension.

Table 3. Pain Control Scale

Pain control scale Good

Fair Poor

Patient’s status No pain with comfort

Some pain with discomfort

Intractable pain with unstableness

Table 4. BIS Index Score according to Anesthetic Procedures

Pre- Anesthetic Tracheal Skin Anesthetic Tracheal

anesthetic induction intubation incision emergence extubation
Isoflurane 87.7 £ 6.3 463 + 94 409 + 129 447 * 48 77.1 = 14.1 852 + 150
Propofol 88.1 + 76 415 + 181 427 * 54 424 = 78 61.1 £ 139 807 *+ 185

Values are mean + SD.
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Table 5. Delay Time, Embedding Dimension and Gorrelation Dimension Scores under the Isoflurane Anesthesia

Case Parameter Pre- . Anesth.ctic 'Trach.ea . Skm Anesthetic Trache'al
anesthetic induction intubation incision emergence  extubation
Case 1 T 42 39 68 59 34 39
m 3 4 4 4 4 3
D2 1.401 3.398 3.254 1.467 2.827 27121
Case 2 T 46 64 41 45 40 33
m 3 4 4 3 4 3
D2 1.060 3.954 3.748 0.835 . 3.597 1.339
Case 3 T 52 36 38 33 53 47
m 3 3 4 4 3 3
D2 0.400 3.014 3.537 2.245 3.687 0.529
Case 4 T 51 43 47 50 45 41
m 3 3 4 3 4 4
D2 1.223 2832 2.753 1.034 3.122 1.826

1. Delay Time, m: Embedding dimension, D2: Correlation dimension

Table 6. Delay Time, Embedding Dimension and Correlation Dimension Scores under the Propofol Anesthesia

Pre- Anesthetic Trachea Skin Anesthetic Tracheal
Case Para!r‘neter anesthetic induction intubation incision emergence extubation
Case 5 T 48 35 40 46 32 27
3 4 4 4 4 3
D2 1.258 2.806 3.101 2.908 3.220 1.523
Case 6 T 30 37 43 43 53 50
m 4 3 3 4 4 3
D2 1.552 2.873 3.493 2.571 3.080 1.309
Case 7 T 34 42 58 42 52 60
m 3 4 4 3 3 3
D2 1.247 3.390 3.636 2.799 2.755 1.299
Case 8 T 47 47 45 51 51 46
m 3 4 3 3 3 3
D2 1.673 2.981 3.324 3.048 3.085 1.955

1: Delay Time, m: Embedding dimension, D2: Correlation dimension
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Fig. 3. This figure shows a return-map of normal healthy
state.
m - |
- . 4
0|
el ]o- 'L4 f- L‘m ko fod
wy |
5 m It
'numn-m|n|mm|um
Spectogan R w1y Lt ]
L]
m|
‘E &
[4
E—— | | o ‘
P 5§ BB I L rII m
Tome -

Fig. 4. This figure shows a return-map of good state.

Table 7. Comparison of Correlation-dimension Scores be-
tween Isoflurane and Propofol

Isoflurane Propofol
Preanesthetic 1.025 + 0439 1432 + 0214
Anesthetic induction 3.316 -+ 0.476 3.012 £ 0.461
Tracheal intubation 3.323 + 0.431 3.387 + 0.429
Skin incision 1.395 + 0.625 2.831 + 0.501
Anesthetic emergence 3.308 + 0.405 3.034 + 0.397
Tracheal extubaion 1.621 + 0.642 1.151 £ 0.602

Values are mean + SD. T: Delay Time, m: Embedding
dimension, D2: Correlation dimension.
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Fig. 5. This figure shows a return-map of fair state.
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Fig. 6. This figure shows a return-map of poor state.
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Table 8. Comparison between Doctor’s Pain Scale Score with Vital Signs and Correlation Dimension Values Based on
Delayed Time and Embedding Dimension in a Lung Cancer Patient

. - Primary Secondary
Date BP  Temp HR RR Pain Original . . . .
Parameters . differential differential

M-D) (@mmHg) (C) (BPM) (BPM) scale signal calcnlus calculus
10—-23 140/90 37 96 20 good DT 27 31 12

ED 2 2 2

CD 1.310 2.3383 1.634
1024 140/90 37 102 20 good DT 32 24 11

ED 2 2 2

Ch 1.216 1.238 1.734
10—26 120/80 37 120 20 fair DT 28 16 8

ED 2 2 2

CD 1.297 1.240 1.219
10-27 120/80 36 110 20 fair DT 33 27 7

ED 2 2 2

CD 1.3088 1.208 1.245
10—30 110/70 36 92 20 poor DT 52 10 6

ED 2 2 1

CcD 1.089 0.998 0.999
11-06 110/80 37 120 20 poor DT 29 24 10

ED 2 2 2

CD 0.991 1.002 1.010
11-07 100/60 37 120 28 poor ET 32 28 16

ED 2 2 2

CD 0.999 0.990 1.002
11-08 100/60 36 120 20 poor DT 31 24 11

ED 2 2 2

CD 0.972 0.923 0.952
11-09 110/70 36 110 20 poor DT 27 16 9

ED 2 2 2

CD 0.998 1.021 0.982

DT: Delayed time, ED: Embedding dimension, CD: Correlation dimension
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Example (F/64. lung cancer)
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Fig. 7. This graph shows the correlation dimension values
of 64 year-old woman who suffered from lung cancer
pain.
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Table 9. Comparison between Doctor’s Pain Scale Score
with Vital Signs and Correlation Dimension
Values Based on Delayed Time and Embedding
in 2 Healthy Persons

Control Pain scale

BIOUP  Good Fair Poor
Mean 2414 208 1.218 0992
Standard deviation 0.538 0530 0.068 0.036
Maximal value 3454 3398 1230 1.081
Minimal value 1.893 1.512 1070 00910

Values are ‘mean *+ SD.
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