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Development of Portable Arrhythmia Monitor Using
Microcomputer (I )

Myoung Ho Lee, Ja Bong Ahn*, Jang Choon Park™*

— Abstract—
This paper describes the design of portable arrhythmia monitor and associated algorithm for auto-

mated diagnosis based-on microcomputer in the ambulatory ECG recording, analysis, and transmit-

ting to a hospital host computer immediately through the telephone system. The device differs from

Holter recorder in that it does not store normal ECG signals but captures and alarms the ECG du-

ring suspected abnormal periods and selected temporal epochs to a central hospital site. This porta-

ble arrhythmia monitor makes use of a general purpose computer and software will be changed to

meet the custom requirements of individual physicians and patients. At present it is very obvious

that each cardiologist has his own method of analyzing ECG recordings and utilizes past experience

more than the firm quantitative analysis of data.
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r BUF INITIALIZE J
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r 1/O INITIALIZE J
|

r INT MODE SET ]
|

L TIMER INITIALIZE j
|

[ LCD DISPLAY 1
[

Lv INTERRUPT ENABLE ‘l
|

NO
YES
[ cLa kR DURATION *l
[ _
| caL kR AVERAGE ]
1
r CALL ARRYTHMIA j

ARRHYTHMIA

r ECG DATA STORE 1

R
r ALAM ]
i
[ TRANSMIT TO MEDEM ]
|

( WAIT )

38 1 A 2uEd daEe] s§%
Fig. 1 A flowchart arrhythmia monitoring algorithm
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Table 1. The arrhythmia decision table

RRt>1.5 sec

Bradycardi
radycarcia ARt<12 sec
Tachycardia ARt<0.5 sec

Asystole
Ventricula fibrillation

1.6 sec o1& R¥} 3l

Skipped Beat
Sinus Arrest

RRt>19(ARt~1)

RRt—1<0.9(ARt~ 1)

pve RRt— 1+ RRt=2(ARt—2)
RRt— 1<0.33(ARt — 2)
R—on-T
RRt—1+RRt<2(ARt—2)
RRt—3<0.9(ARt —4)
Bigeminy RRt—1<0.9(ARt—4)
RRt—1+RRt=2(ARt—4)
RRt —2<0.9(ARt — 3)
Trigeminy RRt—1<0.9(ARt—3)
RRt~1+RRt—1+RRt=2(ARt—3)
APB RRt — 1<0.9%(ARt—2)

ARt—2<RRt—1+RRt+2(ARt—2)

RR+RR
<2 (AR 9)

T8 2 v pRdn R 58
Fig. 2 A flowchart of arrhythmia decision algorithm
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2 ALAM(TACHY) 7 ALAM(APB)
3 ALAM(SKIP BEAT) 8 ALAM(GIGEMINY)
4 ALAM(R ON ) 9 ALAM(TRIGEMINY)

5 ALAM(PVC)

Jg 2 A
Fig. 2 (continued) ,
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Table 2. The mathematical representation of turning
point algorithm

PATTERN FIGN OFSIGN OF]  SIGN OF POINT

Xi—Xo| Xo—Xs (X~ Xy) (X,-X,) |CHOICE
1 + + + X,
2 + - - X
3 + 0 0 Xz
4 - + - X,
5 - - + X
6 - 0 0 ).
7 0 + 0 X.
8 0 - 0 Xe
9 0 0 0 X,

35 veRich & 5 7187]E w8 #te] 0X 2
o Xol AAE I 7 71e7)e 37 3he] 03} 3%
At Z dlE Xp7h Ak ofe W3k ek B
2,

X~ X)) Xi— X)) <0 ol X,=X,

X=X (X;—Xy) >0019 X=X, )

2 by 5 qeh 29 4% olo] Y HEE]

a3 4 Mgy daelse 58%
Fig. 4 A flowchart of turning point algorithm
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H 5 ¥4 ¥E F¥=

Table 5. The error rate of telephone modem trans-

arrhythmia simulator data mission
Arrhythmia |No.of experiment | Arrhythmia decesion Error total No | Bit |Block
Normal ECG 30 No rate oL Error | Error | Error
V. Tachycardia 30 “l YES modem no.of trans 200 | 200 0 0
Asystole 30 YES to percentage 100 | 100 0 0
V. Fib 30 YES modem error rate(bit/10°) 0
PVC 30 YES local no. of trans 200 | 199 1 1
R—on—T 30 YES . . |percentage 100 [ 995 | 05 0.5
. = transmission =
Bigeminy 30 YES error rate(bit/10°) 1
Trigeminy 30 YES lon no. of trans 50 | 100 | 0 0
. & percentage 100 | 100 0 0
distance -
error rate(bit/10°) 0

E 4. A dolelol o3 A #H R
Table 4. The arrhythmia decision table obtained from

patient
Patient No. "I‘l'le res.ults of' Arrh}.'q\mia
clinical diagnosis decision

5 Tachycardia YES
Tachycardia YES

10 Bradycardia YES
11 Bradycardia YES
12 Tachycardia YES
13 A. Fib YES
16 A. Fib YES
20 A. Fib YES
23 Bradycardia YES
26 Bradycardia YES
28 Bradycardia YES
32 PVC YES
37 Bradycardia YES
38 A. Fib YES
52 A. Fib YES
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Fig. 6 Mapping region for automatic diagnosis.
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Table 6. The results from simulator data mapping

Arrhythmia Mapping-region

Normal E

R—on—T ADEC

PVC D EF

Bigeminy D, C

V. tachy A

High Rate D

Asystole E
___Trigeminy D,CE

Low Rate E

7. 84 dlolele] o g vy
Table 7. The mapping results from patient data

No. of patient | SEX | Diagnosis | Mapping Reg on
3 M |Normal E
4 F |Normal E
5 F |Tachycardia E
8 F  {Normal E
10 F |Bradycardia F, C
11 M  |Bradycardia F C
12 F |Tachycardia A D
13 M |A Fib D, E F
16 F |A Fib D, E F
18 F [Normal E
20 F |A. Fib A D
22 M |Normal A
23 F |Bradycardia F, C
26 M |Bradycardia E, F
27 M |Normal E
28 M |Bradycardia F
31 M |Normal E
32 M |PVC A
RY! F |Normal E
35 M |Normal E
37 M |Bradycardia F
38 M A Fib D EF
39 M  |Normal E
40 F  |Normal E

L 44 F |Tachycardia D

L 50 M |{Normal E
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