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1.1 Background

Present situation in medical practice:
Shortage of the Medical staff

Dependable Medicine using M2M & 1oT . Ubiqutous Medicine and welfare

4 )
[Example] Total Intravenous Anesthesia(TI1VA)

» Controlling anesthesia based vital sign
> Advantage: Reduce burden of the anesthesiologist

Problem
» Control scheme considering individual of each patient
» Control scheme based on constraints and demands )
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1.2 Objects of the control anesthesia
'O Limitation of the dosage

Awake
* Responds to normal voice

Single dosage
Total dosage during surgery

. W

(I:I Demands about anesthetic effects

BIS INDEX RANGE

» BIS(Bispectral Index)

Flat Line EEG

Maintain BIS into desired range during surgery
Shortening introduction period
Shortening required time to awake Fig.1 :BIS and anesthetic depth[1]

o)

individual in each patient

Estimate time variation of BIS considering individual

=
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1.3 Overview of our proposal

Control
o |
[m@g () E]i
| |7_
BAN
&

Hospital Network

Sensing
(Final object of our proposal: O
Remote sensing & Dependable Closed Feedback Control of TIVA
> Objects
1.  Reduce burden of the anesthesiologist
G Remote management of multiple surgery room by one anesthesiologist J
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2.1. PK-PD Model

Infusion rate u

l

q—klz Compartment 1 _>k13
Compartment 3 P Compartment 2
Muscle . Intravascular Fat
Concentration C, - Blood Concentration C;
Volume V, »|Concentration C; | k34 Volume V,
: 1— Volume Vv, —
- k1o ; ---------- |
Effect site 1
k [
Compartment e »; Out of the body:
Concentration C, | - F

Fig. 2 : PK-PD Model of the Propofol® (Schnider-Minto Model)

» State equation of the PK-PD model(Desecrate time)

x[k + 1] = Agx[k| + Bqulk] —kio—kio—kis kan  k:n 0
Al — k12 —ka1 0 0
4= k13 0 —ks31 0

x[k] = [C1[k], Ca[K], Cs[k], Ce[k]]" ke 0 0 ke

Ts
Ag=eArTs = L7 (s - A)7Y],Bg = f AT"drB By = ! ,0,0,0]"
0 ViTs
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2.2. Hill Equation

4 )
» Hill equation of the BIS value

(C.[£])

BIS[k] = E, {1 - !

(C K] + ECy'
\ / 80
v 60[
E
2 40
Tablel: Average parameter of the Hill equation
201
Parameter || Average value(SD)
Fo 97.3(0.8) [ N O A O T
—3 —3 0 1 2 3 4 5 6 7 8
EOE)[) [g/L] 3.90x 10 (105 x 10 ) Effect site concentration[g/L] %107
Y 1,81(0,67) Fig. 3 : Numerical example of the Hill
equation
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2.3. Whole System model

Control "
Object Model g
=1 Predictive Pump
Controller l,u L
. Patient
BISk41 Uk (Unknown System)
BIS S I'BIS’“H
1 BI
RNN ot At BIS
Estimator _ Monitor

Fig. 4: System model
» Proposed system J y

1. Predict anesthetic effect using Recurrent Neural Network
2. Model Predictive Control using RNN Estimator
3. Update RNN Estimator using sensed BIS value
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3.1 Overview of the estimation scheme

> RNN: Reccurnt Neural Network
o Estimate time series variation
e Estimate nonlinear model

Poposal of the anesthetic effect using RNN A

[Problem]Structurer of RNN
\ Number of hidden layer - Units - Activation function y

9

Decide structure of Neural Network based on
theoretical analysis of Model equation

Submission Slide 12 Yoshitomo Sakuma(YNU),
Ryuji Kohno(YNU/CWC-Nippon)



March 2018 doc.: IEEE 802.15-18-0129-00-0dep

3.2 Theoretical analysis

Ce.k
> BIS value in the step time k+1 BISky1 = Ep{l — © ;E+f)’?’+—|1—)EC’"' }
€
1
— Eo{]. - C
1+ (Fg, )"
y 1 1
» Defi k+1 = e,
efine Yiee: (%) 1+ exp(—yIn(GA2)
» Taylor's series approximation In( Ce k L1 C, . —1
around C, ;41 = ECs ECsq” — ECs °
4 _ )
> Approximated BIS; ~ FEp(1 — o(w1Ce r + wo))
Hill equation Sigmoid function
1 8l
\ O'(.’E) - 1 +exp(—a:)’w Y, W1 EC50 J
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3.2 Theoretical analysis(Cont’d)

» Numerical example: comparison between Hill equation and approximated equation

1001 i —— Hill
| —— Approximated 144
1
1
801 | 12
i
i 5 101
g o0 N e B :
g 1 %; 81 !
wn : — ]
o 2 o i
! <« i
! 4 :
1 1
J ] .
2 ECo | 2/ |
1 1
1 1
1 1
0 ' 0 |
T T T T T 0 2 4 6 8
0 2 4 6 8 Effect site const.[mg/L]

Effect site const.[mg/L]
Fig. 6 : Absolute error between Hill

Fig. 5 : comparison between Hill ; ) :
equation and approximated equation

equation and approximated equation

The nearer effect site concentration become around ECs,,
the higher approximate accuracy became
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3.2 Theoretical analysis (Cont’d)

» Drug concentration of each compartments(from state equation)

C1 k+1 Cik
C2 k+1 Co i
’ = Agq ™| + Baug
C3 k+1 Cs i
B Ce,k+1 i | Ce:k .

» Summary of the Theoretical analysis

4 . )

> Approximated BISy ~ Fy(1 — o(w1Ce x + wg))

Hill equation Sigmoid function
[ C1 k11 | [ Cry |
Ca k1 Co,k
’ = A ‘ + Bgu
v Time variation of the drug const. Cs3,k+1 41 Csn e
\ i Ce,k+1 i i Ce,k _ J
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3.3. Proposal of Recurrent Neural Network (RNN)

Input Hidden QOutput Convert
layer layer layer to BIS

Sigmoid—unit
Cik

Step

W [
Ug, Ce ke @ EU(]- - yk) BIS’(

L¥

Ci ke
k + 1 Co ket 1
Ca ke
w
Uk 41 Ce et L@ Eo(l — y511) Bi Sk+ :

‘o.B-l H

o.. A4

Fig. 7: Proposed RNN

(> Proposed RNN: Predict time series variation of BIS value by the dosing )
v" Input : dosages in each step time

v" Hidden layer: Drug concentration in each step time
v’ Output: Predicted BIS value

J
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4.1 Optimization of dosages
» Control adaptively based on prediction by our proposed RNN

» Objective

B Constraints: total dosage

\_

-

=]

Maintain BIS into desired range during surgery \

Shortening introduction period

Shortening required time to awake

K
0< Zuk—l—i < Ulim

_ =0 BIS . -
Single dosage 0 < upyi < Ulim : .
_ _ Awaken go . .
60 " -
Desired
Range
40
—_ A 'tim
| Y '_’
Introduction Maintenance Awakej
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4.2 Flowchart of our proposal

Get information
(Kena, Patient’s physique)

|

Set parameter of the patient
model as average value

v

Update dosages using Model
Predictive Control

v

Get BISy, by the sensing

'

Update weights of the RNN

'

Get information of the
surgery period k., 4

No

k++ kzkend

v

Send optimum dosage uj,

to the pump

¥

Dose

End

Yes

Fig. 8: Flowchart of our proposed scheme

(" _ _ _ )
1. Predict anesthetic effect using Recurrent Neural Network
2. Model Predictive Control using RNN Estimator
@. Update RNN Estimator using sensed BIS value )
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4.3 Evaluation by the computer simulation
» Evaluation index : BIS value in each cases

O Casel: Patient is sensitive to the Propofol
O Case2: The anesthesia doesn’t work readily to the patient
O Cased: Patient are hard to become wakefulness after the surgery

v Evaluate Introduction , Maintenance and required time

to awake 100 -
v" Bench marker : PID control[3] 801
L R
g
Table 2: Parameter of the Hill equation in each cases E L . W~ ——
Case | ECsolg/l] | v — S
“Case | ECulglt] |7
Casel 1.8x1073 3.15 . Case3
Case? 6.0 x 1073 3.15 0.000 0.002 0.004 0.006
FEffect site const.[g/1.]
-3
Case3 2.3x 10 0.80 Fig. 10 :Hill equation in each cases
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4.4 Simulation parameters

Table 4: Simulation parameters
L

Table 3: PID gain in the bench maker[3] Simulation time[min.] 180
naex Surgery period [min.] 120
P(Proportion) Gain 0.65 Upper limit of the total dosage per 0.84
|(Integration) Gain 0.055 hour[g]

D(Differential) Gain 0.0 Upper limit of the single dosage[mg] 0.9
Sampling interval of the control[sec.] 1.0
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4.5 Simulation results

100

70l

BIS value

: —— Casel:Proposal

—— Case2:Proposal

------ Casel:Conventional

------ Case2:Conventional _

—— Case3:Proposal
------- Case3:Conventional
30 w w y y T w T T
0 20 40 60 80 100 120 140 160 180

Fig.10: Time transition of BIS value

4 )
» Conventional: BIS are undershot in the Casel
» Proposed: BIS value are maintained within the desired range
» Confirmed of the Model Predictive Control
\§ J
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4.5 Simulation results(Cont’d)

100

— Casel:Proposal
------- Casel:Conventional
—— C(Case2:Proposal
------- Case2:Conventional
— C(Case3:Proposal
------- Case3:Conventional

BIS value

T et .E Y ——

30

Time[min.]

Fig. 11: Comparisons of the introduction time

» Case2,3: Introduction time in the Proposal became shorter than conventional one
» Casel: BIS value in the conventional are overshoot
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4.5 Simulation results(Cont’d)

100

-]
-
=
=
2 1 i
m K
;0 = (Case2:Proposal
------- Case2:Conventional
| O O S SN —— Case3:Proposal -
------- Case3:Conventional
30 . . . . .
120 130 140 150 160 170 180

Time[min.]

Fig. 12: Comparisons of the required time to awake

[ » Required time to awake in the proposal are faster than those of conventional
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5. Conclusion and future works

» Conclusion

4 )

> Proposed system: An adaptive control system for Anesthesia using Model

Predictive Control
Proposall: Estimation scheme of the anesthetic effect using Recurrent Neural Network
Proposal2:An adaptive control scheme for anesthesia using Model Predictive Control

SRR
I\

> Future Works

Performance evaluation considering error and delay of the sensing and control data
Proposal of the communication protocol to manage multiple surgery room by one system
Study about control scheme using multiple vital sensor and multiple drugs

Application proposal to the similar case: control insulin pump for diabetic

Wb e
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