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* RBAFIFOMRIFH
o FEAFTEBMRIER G, BORD
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rocedure 2 , p :
{:urst pulse ; b | stimulation S
pacing s B

BIE A=A PAVAR=AL—HONHAR
Fig. 1 The schema of the impulse given in “burst
pulse” pacing
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A VAL L, A=A LRSI LT, DE (B
PMIWREEIED Y12 Ll i h Zhoffiik{EE
4% (proctdure 2), Hoffman &3, #IGihiERE) 1D
Pt ot A DWER < — v v FBILD 3 LA &
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Bl oML, pol@EEETAILIZIDE
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FOHEBTIL, - IDE— AN ANBRKD A~
AL ALAPBRETOT 4 v 1 24 2 DOPBEER AN
MEHEHE BIcH 6T 5 LEN DD, Bk -
AP ANRADPIREES, ThbOLEE LICBRIRGRES
BENETF 4 VA 24 LDOBREIZHMA D ol
EBCMENET LB MBI BT T &t
5D, TARPIETHILDOF Y FR—v v 7AD
Pz HLBTHHMN, ANTS LPBRLPEBR B
EDREN DT £ T, LBR - MELE DR
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BIURBENK, Tht
h=4s7eav.—3%

microcomputer ]
signal processing

microcomputer 2
output coatrol

color

)

- " (16 bit CPU MN 1630, (16 bit CPU MN 1630,
A LT EEOBRFL Al RAM 1k, ROM 12k | RAM 4 kuw, ROM 20 k' Teyboard
< =
v, BBEhs-Av@¥® 0\ T 3 RS232¢ —
‘.5“@? . MmMEHEROR: optical isolation
ﬁ Fn&ﬁ ,ﬁ% K; Azll?,c%nl:':“" L__ e
ﬁ'%" fTafe oi=A b s:miwlr ﬁl‘esq. cardiac
— v v 7y iRA T =2kHz stimulators
ium, ventricl
6%%%%’@"—(' ﬁ&ﬁ\ FCG & atrium, ventricle
‘ - " 52 blood
UHEE LR T Peimals | preamplifier detibritator | heart
= v VE— Fio—RRIiCHE _. 2¢h. . connector
MTDWIEL A TV 2o 2@ = FY=THR .
2.9 B E)LERRSI® Fig. 2 Hardware configuration. The microprocessors are 16-bit CPU

2.1 TR HAEL &
i, BBERMEETS.
B RE LIBER, ANEEABHA~A /ey
Ya— 2l hOBRORENRIREN, HVTHD
HFEB=zvEa—20b 10~20% BLL— b TR—
v AN AREAERD, SOMIL, RENS—-¥
VIZALACRMILTV S0 E S pafiRlEh, _—
v IBENRESI N D, ERICET 2 BIFERO%
SXAHRELI8EOR— v v rhifThbhtt, ~
— v Zr— N 12 FHHH, A-A A AR
— v v IHBtEENRD, FRFIZ, AN Eh3MmEEP
DO/AM « BRI Eh, choDffixFAILT,
LAARMME & BEMEOBER A THh 5, Bk H
fah, 4@EBELRARY 1/2 OREZ G LIHE
W, FavAs 42 EEIRD, S DIHEMNT
bR TVARICEKDRENELL, 4BUEROR
YR -1 BB, F4 v A4 28R T5H
TEXB VBT, F4 v A 24 LOBMMliETe»TLH
FRyFEShICEBEL, A - AL ABRY 1B
BElE EFCHIE A~ A L ADAF v = v /%R
otz h BB T Do

&z, MERTEO=AYy —7%— FIEOWLWTHEX
Do LIHiDF 4 A2V — FRIRIZEL DA —A L AL A
R— A2 = XA ERER, D, A-A PR
— vy /7R HIRED £ ¥ 2WMCHENMET T 2%
EMBD, EHIIRN—v v I ERT D ELEHEDICE
TFTafriabht, T2 T AEEBETIHFCIC=A
y—7e— FEBELLE, Thit, MEZhsME
o LRREZERE L, BIRAIAES RRRIH S hm
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v Rk LTF<y FR— v v 7%, BNBHK
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BHOBELT 7 - 2EBLT,

MN 1630 (PANAFACOM Co.
programs are stored in ROM including BASIC interpreter,
and they can be used immediately by puching reset switch.

Ltd., Japan). All operation

3. RATLER

31 N—FI-_TK

IR AERD ~— F v - THRYTT, £F12,
ANEEGAEE EHNHETHTHbh, ThEhc
=4 7u2vE.—20BVBhTU 5, ANEER
BT, LBERBICMEEEY, 7YV 7vFicX
D LSV IoEash, ThIh A/D 2 v.i-ziC
EbMD, S TEBIL, v 7Y v 7 HEH 2kHz,
8¢, FDWEET A/D TIREN, 7+ b H 7 F%i
LTANEBRBR~1{/s7sava—2 (LLTF~<A
s7ravE.—R 1) KKF4 v 2ABEBELTEDR
Do COfERY LT, LERIZOVTULLBHOFALL,
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NAR— v ZBEOLEEORE, BEMFEOREN
Thh b,

Ko, HAOHBESc VRS, HAOHEA<1
seava—% (UF~4s7vz2vda—22) 1
3, 127 =—A0EEALT CRT ¥4 27 1,
FoHE-F, TV vANEREIR, R—vvrsE—F
OEBRR TR Y5 LDFA, IHBEBIZLTV5, &
SRR EELT, BXo-v v 7/
PR X UBRABESAVBR TV D, S TH
WA ADEIL, R—v v 7. A% 0,8ms”, Bl
By AL 3ms!® LHBHA ULHBFEARIZL HVIE
Lavi.—2fl0ofFEEZBER LT V5, i, ~—
A b RITOWTIL, L AEL 0.1ms IZEIE L,
£OEIL 50ms (V7 Y 2 72X D 16~82ms 7]
) LBELTV 2,

32 Y7 brI7TIAK

FEBAYBHIFERDBDOY 7 LY . 7 ELTUL,
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BEE — FOIEEF L OEHZERIC BASIC % Huy,
ANESAE, PREBEAOHEIII BREY A L
2o 72 735 23T T ROM (read only memory)
AEIhTED, Vo b AL, FXRTET TR
TRIFARAZ - P ERBENTRETH D,
3:2-1 {ESRBRAY7b+7=7 ESunE A=
e - 2OBF7 e —F+ — P ERFEIFTTET, B
FRE, REOCHRHIF IOMERHOMEIZOWT
Thh, B 2ch © A/D 2 v.3— 215 1ms [if
RTLUER, mMEHEBIADShE, LERORY
DHEIE LTI RB I NG, FHEL, A7 22D
TR 4mDe— 27 BED 64% HEEICHITS RN
MEREL, EHRTOBEICHETDRIED AR
FMEL, 0.5 b 2fEECHARRE, 2EUEY
Ry v T EIBRELHPI LI, TOBK 5 BHOF
— 2% &I, BREREOTHEXEFRIEOMEE
EBL, UBEOREHRHBHMAREZ RS, T, LB
HERMBCARSRIOEREFL S, OHEOH
LUBREMECERNTHhB, ABIR/I Rk X
DMERGON L, ThThRii=—F, fE=-

initialization

signal input
ECG and

blood pressure

R-wave
amplitude and
pulse width
detection

blood pressure
heart rate

sensing

send
blood pressure
code

WIK =M 7vavE.—F10HE7e—F1+— L
Fig. 3 Microcomputer 1 system flow chart
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uﬁcon( rolled

blood pressure

dicrotic
comparator notc

output n ”

.a' threshold detection

refractory
period

—LLI—

1b. threshold detection
& refractory period

blood pressure

H=§4

comparator

output _”__ _H_l;
(1) A>H, B<H 12 A'>H B<H,C>H

.c) amplitude zone detection

AR MEEEHDOOEETETE
Fig. 4 Heart rate sensing method using blood
pressure signal

FELT= M 7avrE-—22I1I%EbN52, F4K
ICMEFEFL b OLAMER OV TRT, i
RCRIHIRHEBIC S — A P L ARERT D
WP AL IVCEXMATEOPEZ L), LN
POREERIBTA I LA TER G, T2 T MAE
WSO Y EMCER T2 HEEER LI §
4@ (a) (%, Miths iZBAETHEEX T8
BTHHN, FA420F 4977, FORTE1.L0M
EUBHT OB TN DD, ELFEI4E (b) DYy
i, uﬂ.l&%fﬁtiifﬁ. BHACHEET - fThs
2, Hurs oMM IR BT, EXooins
T B Thdibbo T THAR (o) WRTH
OB A EB LI HiEY AV, Thbb, v A
7 AR BN BT B X h B i o ok il -
Tl 1/8 offiz, RIEHME H & LTREL,
BHORHFEIT5e ST 18 kv i, WpESR
RITRAEA 20T 4 » 77 5 FOMEEXFERML, £D
BAlr HRELLlTHD, CORD (1) OFT
13, IWEMMOIRE A L5472 F 4 5,77 5, FDR
WBulrhth A>H, BKH ticth A DAy
Xhd, 2@ (2) o fFlTix, A'>H, B<H,
C>H rich A" BXUMMREED C 2T
EMNTEE T B, ’

3-2-2 HAKEAY7+y=7 HWhHH@EM=
Y. —2EEENRA V7Y . TEESRIZTET,
Ltkov 7+ v .7 (a) 1k BASIC Tt hic®
— FEIR, BEMHETRAOL—F v E, BREKCLS
BEEEL—F G BND, TR T2 AR —
r B ER—- v v VBESOMESREDER F — K —
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ERBFLEBFBTE
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BASIC
initialization
1 gb 3
3 machine
language
singlg control observation
fncion mode mode
“stop” key

interrupt

(a) general operation

2

demand pacing

low blood

tachrcardia pressure

© burst pulse pacing
pacing & alarm

ormal pacing
rhythm parameter

ro

defibrillator

observatiop ! change control
yes f

(b) control mode
B5E ~17/eav.—F2080F7e—-F+—1+
Fig. 5 Microcomputer 2 system flow chart

FOBDOFEIRZLD, FTyv -y v/, A=A}
ALAR= v Zie EOR—TEE - F, TEIRIT
LChIZFHELETTHHEEEe—F, HHVIIHET
—FiZB Y, TRIThoOBHESETIRD, Hille—
FARAEMZHESE (b) 1IZRT, CDE— FTIY,
TR IFLIF v FR— v v ZWEEEF LTS
P, IR Ao BATE, AL ANAR—T Y
IHVTioN D, ¥, MENREMETEY, o

~v v I ETHTHMEDERMNB ORI VWBEITI,

BRiED -~ AMDECHEBARE LS IVBEEYRLIES
Mo BURAENTHI 5,

4. ® B & R

FEBYACTT > CEBRERITOVTHER S,
41 L Ial—9ZRALLRBER
PRHAAXTOHE, —v v/ I5mEER

OF(L, HICMEEHOLIES LTI FET 5.
TIC, xOBETRNTH DI 0.1He OXRE
P etmERMEBEHITE Y = v— 2 %BIF
Lo EBIRY I 2 b—2i%, ANERBA-APR
=YV IEDF 4 v A 24 202G UTOHED 1/2
LB X5l L, oy v—2%#EALT,
EHETC X5 WEON b BiY & LicLinAE
RV 7 by 2 7OERET, SEOELEEXER
LR i & MEF — 2 84 v 7 A OBE MR
HAGbEDI LT, LHAMNERXFREE L
oo TORYE 86 BIRT FURORIETIZT + v
A 24 4h 306ms 25 Ims FoEMXNh, TOH
ODIED ) 12 Lo iTIRT 4 LA 24 L5216
ms ICEE S h, HIFRBHSAThh3 L2 LI,

timer ,':-,—.‘.—:—.-:::': = L—.':.:;:‘:—.-—.. — =
R\\'a\cl '“li_j, ||i“| 4 l-ﬂl " I L
4—4
e 306ms~--—- mme e 2]6ms
‘.‘,_.. - ,,.___..____‘___,.“ e
167 bpm : 86 bpm
A Ve ’:p\'ﬂw‘_—é\"]v\,;{"‘i*.—
blood ‘{“v\M POV R =2 \ AV
pressure __| : TN B A f\J\’r
I l

BER 3 =L —RIC kDI
Fig. 6 Experimental results using a sm)ulator

4-2 HYPRBER

AR E AT i) Y % & R HB 7 RILR
Fo MM AIUEF vy 72— 1HEL NIRRT
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ETICHIRAA R, RIS, BRERX D27 -7
AEWAL, HHEFS v AF 2=+ (HiEHE—-n 1y
+ vB MPU-0.50290-0-3) #s X OLCAIE F3 i 0 4
(7 7 #LFH UAGLL) o X h IFRIERXREL, 1
PEREENLMAY BRI L, chb=2DES% <172
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BRSO F < v V= v ZYWEX R, R4:H
DETF~ v P REREh, SoicBRAREL
St R TR LT B, H7 (b) i,
H BIENR MBI BY (F A& 7R T procedure 1 TLXz A I v
FhEDIDIZEEMD R~ v IHfThh, #HT
procedure 2 A=A b SR AR=- VIR TBRT
VWho R=U v TN AREA—RA AL ARDF 4 v
A 24 L2 HBC B E T, 4B EOHEN
1/2 - RADETAES R, LHEEE Lo
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BHOBTF YR, A= vE.—2006, OED
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timer T

timer v T T

BCG A

- —_—T
— =z electrical
stimulation.

blood

pressure _
blood 100 e
pressurc mmHg| -

(e)

o) N
HR=107 bpm &

blood  fplnR

pressure .

(b)
(a) Demand pacing

(b) Burst pulse pacing, The experimental results of automatic tachycardia control using a mon-
grel dog. Procedure 1 was demand pacing as a timing settlement. After eight stimulations,
procedure 2, burst pulse pacing was begun and the delay time was automatically controlled.

(c) Typical fibrillation-defibrillation sequence. Defibrillation using a catheter electrode succeeded
by the specially designed circuits.

BIK Wt B O OB
Fig. 7 Results of animal experiments
BT - SEROFRILEC T OURA F SR X
CHRAUARESHELN, EHIPrRATHN T, 7
TEIRFEAY 600V T & E YIS BRANEY < A A
SOficinz bht, B8RS, =Ayr—7 - FO)
FEERYTT. O LHRESIRLFEL V- FOX
—o v /RS L, MEAELIKT LMEMO TR Sl
X TmMBeHIc, - v 7AuplEh{HLr -+

Foy FR— oy SRR BT T E A WE L low blood pressur?
5 B8W =Ay—Je— FOBFER
d-o Fig. 8 Escape mode. During the experiment, special
attention was paid to preventing blood pressure
5. % &

from droping so low because hypotension
itsell could cause ventricular fibrillation, Once
low blood pressure is detected by the signal

MRALEEN -2 A=A 2R L, THCliELRGIRDO

BT s X OB\ TR Z T fes BT processing computer, stimulation was stopped
Jt, v 12 v— 2 % AGCTIERA S OLAKCHE automatically for a while and the operation

mode becomes the demand pacing mode.
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XY ERCE TR LT
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DAy TR ER= vV IR EWTE - v 7D KB b O OHELXT I LEN DB, €

$ 23 % % 5 5 (Sept. 1985) — 19 —
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External Type All-purpose Cardiac Pacemaker System*

Hideo MakiNo**, Masahiro Ozaki***, Yoshiaki Sarrom**

Kohji Tamurat, Yoshinori Mitamuratt, Tomohisa Mixkamitt

A microcomputer-based pacemaker system for evaluating the pacemaker treatment of arrhythmia

This system can function not only as a demand pacemaker but also as a pacemaker

v
for tachycardia control as well as a defibrillator. All stimulations are delivered through a catheter

electrode in the right ventricle and a subcutaneous electrode.

ECG and blood pressure signals are used.

For the detection of arrhythmia,

In particular, the blood pressure signal is useful to

detect the actual heart rate during burst pulse pacing which is capable of controlling ventricular

tachycardia automatically.

ing hypotension in order not to cause ventricular fibrillation.

variations in R-wave pulse amplitude and pulse width.

continues without any rhythmic contraction,

Moreover, during burst pulse pacing, special attention is paid to detect-

Pacing failure is quickly sensed from

When, after the heart has been stimulated, the ECG shows no response, and hypotension

defibrillation is accomplished automatically.

processing and the other, output control.

for demand pacing, tachycardia termination, and defibrillation are given.

a battery-operated defibrillator is triggered and

This system has been designed using two 16-bit microcomputers, one of which performs signal

In animal experiments, examples of the use of the system

This system may be used

to study tachycardia termination and defbrillation in clinica] laboratories.

*

*%

# 23 % 4 5 & (Sept. 1985)

Received on Oct. 16th 1984, Revised on Apr. 12th 1985
Department of Information}Engineering, Faculty of Engineering, Niigata University, Niigata
Department of Information Engineering, Faculty of Engineering, Niigata University, Niigata (presently Toshiba

Co. Ltd., Tokyo)

The Second Department of Internal Medicine, Yamanashi Medizal School, Nakakoma-gun, Yamanashi-ken
Research Institute of Applied Electricity, Hokkaido University, Sapporo



