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Development of Automatic Control
System of Hypothermia

o Accurate Management of Brain Temperature
Adaptive and Fuzzy Control Processes
 Releasefrom Heavy L oads
Physical, Psychological & Economic Burdens
* Improvement of Medical Condition & Treatment

Based on “ System Engineering”
Simulation =» EXxperiment



Additional Talk

Concerning Hypothermia Treatment

e Control of Mechanical Respiration
e Optimal Control of Intracranial Pressure
 Monitoring and Deter mination of Physiological State




— Situation

<_What's matter with him
- It'sawful. It'sterrible. >
Z Hurry up! Bring him to hospital 7 >

Traffic Accident




Set Quick Cooling Brain Temperature
By Using Cooling Cap and M uffler

AR R Circulation of
b "9 Cooling Water to
=120 Ambulance Cap & Muffler




Brain Injury and/or Inflammation

| ncrease of | ntracranial Pressure

Prevention of Secondary Damage of Brain Tissue

Bruiseon thebrain
traffic_ accident
| schemic stroke

cerebral infarction
brain hemorrhage (aneurism)

| schemic heart failure
coronary infarction
Brain tumor



Cause of Intracranial Hypertension

74%

Glia + Neurones

Intracranial cavity

o dOl

ﬁwaB

<> space-occupying lesions hematoma
{- brain volume *brain edema

< blood volume *brain swelling

< CSF volume *hydrocephalus

:> 15mmHg



*\Whole Body Cooling is Effective

Head Cooling as Assistance



Simple Connecting Operation
Begins Quick Cooling of Brain

Connecting Socket

@@

To Cooling Branket




— Automatic Control of Brain Temperature

Blanket or Suits (Air box)

Patient & cooling appar atus
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~—— Manual Regulation of Brain Temperaturein clinies—

Controller of water temperature

Given brain \
reference

temperature

=

Physiological state of

Water-cooling blanket

Diagnosis & |
measur ement Manual setting of actual brain /

’ water temperature temperature

| nfor mation about biomechanism Decision of

Brain & body temperature, ap%gfériate
respl.rgtory& cwcu!atory dynamics, temperature
condition of immunity




Hypothermia under 32°C Biological Reaction

Secondary reaction

Impaired
consciousness

Increased total
body oxygen
consumption

Atelectasis

| chorrhemi {

Functional
suppression of
central nervous

system

R
Shlverlng/

Primary reaction

\/Bradycardia \

Arrhythmia

Peripheral vascular
constriction
Blood viscosity rise

Hypotension

Thrombocytopenia

Breathing
disorder

Eectrolyte abnormaliy

Easy infectious, loss of hepatic functi
deterioration of renal function

- Cardiac arrest

—» Tissue necrosis

Stagnation of
» - ag - -
microcirculation

—»Decreased cardiac output
_>Hypocoagul ability
of the blood

—» Hypercalciumion

Oﬂ’ —» Acute rend fallure

I]U:> Bad effect on circulation respiration, immunity & nervous function



Protection of Brain Cells by Brain Hypother mia

Suppression of Damage caused by
Energy insufficiency

|mprovement of Ca?* homeostasis
Suppression of oxidation by free radicals
Activation of antiapotosis substance
Suppression of dopamine A10 neural groups

Suppression of Hyperfunction of
Endocrine System

Suppression of cathecholamines hypersecretion




/ Trade off in Hypother mia

Protection of Brain Tissue

|

Biologial Reaction

3

Merit in Hypother mia Demerit in Hypothermia

Necessity of precise and accurate
control of brain temperature




Hypothermia Treatment in |CU

Critical care
medicine
Control of <r‘:‘= _~~ Control of
Anesthesia- /1 M Clrculat|o w
Anesthesiologist ’ &/ = m
L Control of X Contr s
- REspiratio Nutrition
: Medical
Prevention o i neer
Rehabilitation 9

Hypothermal Control

=

| nfection

Clinical — _
Phar macist Clinical Psychother apist
Technologist




Automatic Control Apparatusof Brain Temperature

Reference Brain

Temperature Course Water-Cooling

Manual/Auto
Switching
Physiological Data Temperature Full Automatic
Control Apparatus

Calculation & Regu ation
of Water Temperature



M easurement of Temperaturein Hypothermia

Brain Tissue
Temperature

Alternative Temperature

Tympanic, Nasopharyngeal, Esophageal, Rectal etc.




Control of Brain Temperature
by Water-Cooling System




— Schematic Desired Brain Temperature

37.5°C

Recovery of Consciousness

EEG 0 -wave B -wave

36.5 °C

daptive zone

Danger ous zone
g.Shr 3hr »
< 8hr ole 8hr ole 8hr ole 8hr >
Cooling hyp%tt?]belremia Warming hypol?ﬁgr mia

about 35 °c

about 32 °c

Step-by-step M anagement of Body Temperature




— Automatic Controller of Brain Temperature —

Patient& Water-cooling Blanket

(=

Temp.

I ._—  _Z

N

Basic Characteristic Estimation

v

Reservoir

- Warmingt

Heating
Regulatio

Apparatus

for Making
Cold Water

Cooling

Computer Algorism

Water

= Adaptive Control

Fuzzy Control




~ Concept of Adaptive Control Engineering——

Different Variouskinds of Changein external
regulation medical treatment envir onmer

Changein internal
environment

Circulatory change
Metabolic change
efc.

Cooling

Unknown
thermal
characteristic

Adaptive control
Realization of desired brain temperature




Brain Hypothermia Treatment Using Thermal Mannequin

I\h’anxﬂequin asa
controlled object

Mannequin controlled by water circulation (blood flow) and heater (metabolic heat)



— Overview of Experimental Equipment

Temperature

l-'"'

e
. Lo |
- r"' i

H eater regul ator
basic metabolism

e T

Heart




{-_-

Control box of
circulation and
etabolism

AT B N e T

Automatlc control
apparatus

Manneguin in place of patlent W|th coollng blanket
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Fuzzy Control of Brain Temperature
by Water-Cooling System




Member ship functions and Fuzzy rule

For fuzzy controller-1
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Member ship functions and Fuzzy rule
For fuzzy controller-2

The antecedent
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Block Diagram of Fuzzy Control System
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Experimental Result during Cooling and Stable Period

Suspension of blood (water)
flow in 2 Minutes
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Timelhour] Warm up the head by
heating in 30 Secong
Desired Brain Temperature — Water Temp. to Characteristic Model
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Brain Temp. of Mannequin — Actual Water Temp.




Whole Experimental Result

Body temperature

Decreasein room Environmental
e
temperature change

e U 2 F LA

nr JEPMY | Experimental time 31:57:36



Blood Flow Change

e LT LW
Va4 Ay | Experimental time 13:39:06 §




Metabolism Change in Brain
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Refrigerator & cold water reservoir
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Control of Brain Temperature
by Air-Cooling System




— Alr-cooling I ncubating System

Transparent air-cooling box

Air temperature

Fan °
m Mannequin Brain temperature
I PS AII’ Speed
Radiator l
IIIIIII-IIIIIIIIIIIIIIII v v
— Peltier module AD
Radiator l

Control mechanism

i

< D/A

Electric power
supply




Automatic Air-Cooling I ncubating System for Brain Hypother mia Treatment




— Simulation Result

Comparison of water and air cooling methods
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— Control using Solution by Optimal Calculation ~

Temperature[ |

40

30

20

10

Brain temper atur e of model Reference brain temperature

e

.

Cooling apparatus

/‘ Blgr:ket

o

uffler

4 8 12

16 20 24 28 32
Time[hr]

Water - cooling




Automatic Control of Respiration to Deal
with Difference of I ndividual
Characteristics




/ Respiratory Regulation System \

Ventilation & Gas-exchange
System
Intake of O, , Discharge of CO2 _
« Controller : Respiratory Center Interaction
e Sensor . Peripheral  Chemoreceptor p \
g Central Chemoreceptor ~/
Blood Buffer
. System
| nteraction :
Maintenance of
[H*] in body fluid
\_

/

/Circulatory System

Transportation of O2 & CO,
et Interaction

e Controller ;: Cardiac Center
e Sensor :  Baroreceptor
V asomotion

e Chemical Regulation
\__* Vasomotor Regulation -/




Points of Design of the Control System

/Respi ratory Regulation System A
e Non-linearity
 Chronic Change
o Individuality

\ e Change of Environment Y

@ In order to control

» Understanding by Detection of |ts Characteristics
e Design of Control System based on Detected Characteristics

Deviati ftheP et '
ofetvrllg1 II\/(I)tall;shoemateic:azljlurlsl/lrgdglr > “| ntrOdL_JCthn Of an,,
Adaptive System
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LirTis

Interior view of the all-built-in-one type respirator Developed all-built-in-one type respirator



Controlled Respiration  Assisted Respiration
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,\
| &

CO,-concentration [V ol%

6 -
3[ — CO,-concentration
== Desired Value
0
0 15 30
6 Time [min]
3f — CO,-concentration
== Desired Value
0
0 15 _ 30
Time[min]

» Sampling Interval : 30 [sec]
* Respiration Rate: 16 [times/min]
* Period of Experiment : 30 [min]

(a) 6,

S

=

2.

c

=

® 3}

= — CO,-concentration
@ =" Desired Value

5

?

N
O
© 0
0 15 . . . 30

(b) 6 Time [min]
X

©

2.

c

2 ,

® 3| — CO,-concentration
% “=** Desired Vaue

O

c

o)

Q

O

© 0

0 15

» Variable Sampling Interval :
Every 7 Ventilatory Periods
* Respiration Rate :

. . .30
Time[min]
(23.3 30.0[seq])

Changed at Random from 14to 18

Mtimoc/minl



Fuzzy respiratory control system with
respect to difference of individuals

/

Data of physical B Decision mechanism of Disturbance
constitution individual coefficient p (Metabolic rate /7)

Controlled Ventilation l Alveolar CO2

s deviation : concentration
)CK > Fuzzy Controlled system >
o e controller |, . , (Respiratory system) y

value




Fuzzy control of the same subject with different constitutional coefficients

p=0.5

CO,-Concentration

[Vol%]

0 time[30s] 60

p=0.5

Ventilation
[ml/stroke]

0 time[30s] 60
(a) p=0.5 (c) p=1.25

(b) p=1.0 (d) p=1.5



Control of Intracranial Pressure
by Administration of Mannitol based
on M athematical M odel




Background and Aim

Intracranial hypertension caused by brain edema

Iter ative administration based on experience of doctors

Theoretical
Analysis

4 )
Detemination of most effective administration process

e Dynamical prediction of in racranial pressure
- J




M ethod

M athematical

Model
Mannitol Brain
Phar macokinetics Hydrodynamics
| nput Output

Administration of Response} |ntracranial
Mannitol Pressure

o, PID Control ¢

Optimal Control



Schematic Representation of M odel

blood flow to brain
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Dynamics of Mannitol Concentration in a Bolus Administration
35

- extracellular fluid
o5 | K gray matter capillary

20

15
10
5

-~ White matter capillary

\
\ gray matter | Sk

4

00025 1 2 3 4 5 6
Timehr]

Administration of Mannitol 0.1g/kg/min in thefirst 15min

Ll | I]

white ma{ter | SF

Concentration of mannitol
[mmol/I]

Mannitol concentration of extracellular fluid, gray matter capillary and white
matter capillary. They decreases exponentially after their peak on the last
moment of infusion.



Comparison of Different Methods by Simulation
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On-line Monitoring of parallel
Physiological Data




Monitoring System of Parallel Physiological Data



Conventional Monitoring of Physiological State

Control of Anesthesia
Control of Metabolism

|nfusion, Fluid Replacement
| ntravenous Anesthesia

Respiratory Control

Artificial Respiration
Respiratory Sound
Expired gas analysis

Temperature Control

Body Temperature (Brain T.,
Tympanic MenbraneT.
nternal Juglar vein blood T.
Peripheral cutaneousT.)

| ntracranial Pressure

Decision of
Warming Time

Blood Pressure
Blood gas analysis

Control of Circulation



Comprehensive Monitoring
of Physiological State

Artifitia
Respiration

] Infuson Blood
M transfusion M edicament . A
Intravenous anesthesia Urinary analys
(o 3
i T Expiratory gas T t
Final Decision nanalyvg% | . emperature
and Treatment |
nspiratory .
anestheSIa / Oxygen saturation

1 a1
nesthesilogist

= /

| ndication by
N Simple

""\h. EXpression

Alarm

logical I nfer ence, Decision

State & Description




Various Physiological Data
Monitored from Patients

Estimation of
Physiological State
]

@ay & Alarm, if necessD

Evaluation and Alarming System




