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Patient Confronting Death

Emergency, in and after Operation

Unconsciousness Comatose State
Brain contusion

| schemia disorder
Seriousrespiratory illness

Control of

Intracranial Pressure, Respiration,
Circulation, Anesthesia, Body temperature



utomatic control of patient’s state

Emergency lifesaving

Automatic control of medical equipment
Respiratory-circulatory assist,
oxygen inhalation, cough remedy

Intracranical Osmotic pressure
Intracranical osmotic control
CO2, Oz-concentration Respiration
Control of respiratory system
Brain hypothermia Body temperature
Control of circulatory system

Anesthesia Physiological state
Control by respiratory-circulatory system



by administration of mannitol

(Biokinetic and chemical process)

Related to “Brain Temperature”



Schematic Representation of Brain
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| ntracranial Osmotic Pressure
by Different Control Methods

28

[mmH(]

=
N

Administration of CSF pressure ICP
D

mannitol [mmol/min]
0o

4 6
Timelhr]

Decrease of |CP by L ess Amount of
Mannitol in aOptimal Control Process

10
Administration of Mannitol
By PI-Control
Optimal Control ——
& Intermittent Control




o Control of Anesthesia & Respiration

Respirator Desirable Po,

Computer Input | Pco? r?nq
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(Adaptlve COntroI) concentration
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M easur ement l Ventilation control of
Control gas mixing rate
{ Arterial blood S5, Pco, J /




Respiratory Automatic

Control System

Noninvasive M ethod
Control of Alveolar CO2

| mprovement of hypoxia

Adaptive Control/ Fuzzy Control



M echanical respirator




Adaptive Pole placement system
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Examp. 1

Examp. 2
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Fuzzy control system with respect to
difference of individuals
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Fuzzy control with different constitutional coefficients
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Administration system of

depth of anesthesia

INn expectation of existence of biochemical
material asan indicator of depth of anesthesia

Control of depth of anesthesia by respiration and

circulation

Controlled system plural subsystems
ventilation, gas exchange, circulation, nervous system



Comprehensive Monitoring
System of Physiological State
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Automatic control system

for brain temperature

Control by body surface cooling
 Noninvasive measurement and control

 Whole body, cervix and head cooling

Adaptive control/ Fuzzy control



Hypothermia Protection of Brain Tissue

Treatment in the acute stage of irreversible brain damage
Cooling brain for the protection of its secondary damage

Surface cooling method

Wash out metabolic heat of brain by cooled B
blood flow supplied from the circulation &

T

/Dilemma by surface coolina

Constitutional effects caused by
biochemical environment
\_ Seriously physiological invasion




M easurement of Temperaturein Hypothermia

Brain Tissue
Temperature

Alternative Temperature

Tympanic, Nasopharyngeal, Esophageal, Rectal etc.




— Automatic Control of Brain Temperature

Blanket (Air box)

Patient & cooling apparatus

Physiological state M edical
ﬁ% : [ » staffs
Ee——_ 0| [san
temperature
Temperature
of water -blanket
(Circulating Air) v
CharaS(Eteristic
. system
Actuator € Automatic I 7 |
A Signal for Control Desired brain
regulation temperature

Manual regulation




Damage of brain cell caused by
ener gy Insufficiency

Symptom ) Head injury Neonatal asphyxia

Cerevbrovascular disorder g fficiency of heart & lung

Cerebral Ischemia & Energy | nsufficiencyl
- l

, Precosious nerve cell damage
Brain cell damage
Delayed nerve cell damage




Damage of brain cells caused by
hxgersecretion of neurohor mone

Hypothalamus-Pituitary-Adrenal System Hyperfunction l
EXxcessive secretion of
; catecholamines

Cardiac hypofunction dueto disorder of heart muscle in diastolic phase

p

| nsulin resistance hyper glycemia due to glycogenolysis
Decrement of erythrocyte DPG — disorder of O,—dissociation from Hb

el

Recovery obstruction of trauma brain cell l



Protection of brain cells by brain hypothermia




Damage of brain cells caused by
hypothermia lessthan 32

Energy metabolic insufficiency
Imperfect circulation

Deprivation of Recovering damaged brain cells l



/Tradeoff In Hypothermia \

Protection of

Biologial reaction

Demerit in hypothermi/a

Necessity of precise and accurate
control of brain temperature




) Mild Hypothermia

Cooling

Warming

Adaptive zone

Danger ous zonhe

N
Hypothermia




~ Concept of Adaptive Control Engineering ~

Different Variouskinds of Changein external
regulation| | medical treatment envir onmer

Changein internal
environment

Circulatory change
M etabolic change
efc.

Unknown
thermal
characteristics

Patlent under thebrain hypothermlatreatment

Adaptive control
Realization of desired brain temperature




Overview of Experimental Equipment
for infantile brain hypothermia el
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Outlook of cooling system for
infantile brain hypothermia




~ Automatic control system of brain temperature N

Patient & water Cooling blanket Characteristic | dentification

Water
temperature| ~ Computer
Adaptive control
Storage Fuzzy Control
|Heating cold water Opening &|shutting clajve

Time cour se of
brain temperature

Control of system
Heating | cooling |, L |.\—\—/J-,J

N Y,

making




|nfluential Factorson Brain
Temperature Control

Environmental
change

Control of brain temperature l

Patient’s
state change



— (1) Optimal Adaptive Control
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Tracking of brain temperature for
desired brain temperatureschedule
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Brain temperature
changewithin £ 0.15

(4
Water temperatur e falling down
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+ Water temper atur e falling down
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(2)Introduction of Fuzzy method

Optimal-adaptive control not always match with
commonly understood knowledge
of medical staffs

e
Control system based on clinical experience

» Human friendly control of brain temperature

I ey
Itsrealization? DFuzzy Control




Fuzzy Control System of Brain Temperature
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Member ship Functions and Fuzzy Rule

For fuzzy
controller-1
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The antecedent

Member ship Functions and Fuzzy Rule

For fuzzy
controller-2

The antecedent
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Experimental Result during Cooling and Stable Period

Suspension of blood
(water) flow in 2 Minutes
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Experimental result
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Change of metabolism in brain

Heater in thebrain
switcheson in 30sec




Clinical Control System of
Brain Temperature

Adaptive Control & Fuzzy Control




Appar atusfor heating and cooling of water







‘ Patient and water-cooling blanket Vital

= —Ter 7 monitor

l Brain and body
perature

Refrigerator & cool

water reservoir( 191 ) @— valer,
Temp.
Pump Pump @ Pumpl
Flow Contro Sub reservoir 1 Flow -
Valve O | _signe
Coolant reservoir( 3l )g, Watery| PIO PC
On/Off Temp.
Flow Contrcﬁ4 Valve 2%?4 signal _Flow
System 2 Sub reservoir 2 signal | RS232C
Pump Z8J| Pump 5@1
Heater & hot Watery | | nterface
water reservoir ( 28l ) Temp.

Control System of Brain Temperature
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Control of Brain Temperature
by Air-Cooling System




— Alr-cooling I ncubating

Transparent air-cooling box

System

Air temperature

Brain temperature

Fan .
m — TS

Air speed

Radiator

L > Peltier module

Radiator

L

A/D
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Control mechanism

Electric power
supply

l
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Prospective




% Comprehensive Control System

M anual control of
whole body

RN

4 )
Overall View of Physical Constitution
Monitoring Decison Action
Treatment with Experience & Intuition

N
Information@ Communication [|Examination
Execution Order

Supplementary Administrative System for
monitoring constitutional physiology | Automatic
Routinework treatment Control
Treatment based on calculation | ntegrated
of systematic description Monitoring

i el v




Comprehensive Monitoring of Physiological State

Control of Anesthesia
Control of Metabolism

nfusion, Fluid Replacement
| ntravenous Anesthesia

Respiratory Control

Artificial Respiration
Respiratory Sound
Expired gas analysi<

Temperature Control

Body Temperature (Brain T.,
Tympanic MenbraneT.

ternal Juglar vein blood T,
Peripheral cutaneousT.)

| ntracranial Pressure

Blood Pressure
Blood gas analysis

Control of Circulatio

Decision of
Warming Time



Various Physiological Data
Monitored from Patients

Estimation of
Physiological State
]

Display & Alarm if neceSSD

Evaluation and Alarming System




Acquisition system of various kinds of physiological data



il o

Various physiological data acquisition and infor mation processing



Cooperative teams for

clinical test

Tokyo Medical and Dental Univer sity

| ntegr ated pulmonology, Neurosurgery,
Anesthesiology, Critical care medicine

National Hospital Tokyo Disaster Medical Center
Critical care center, Neurosurgery



