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Effect of Coronary Artery Occlusion and Reperfusion on Signal Average
Electrocardiography in Cats

Moon Ho Chung, M.D., Tae Il Lee, M.D., Sung Ho Kang, M.D,,
Dong Gu Shin, M.D., Young Jo Kim, M.D,, Bong Sup Shim, M.D.

Department of Internal Medicine, College of Medicine, Yeungnam University, Daegu, Korea

Background : Recently. a lower incidence of late potentials has been reported in patients
with acute myocardial infarction after successful thrombolysis when compared with conventio-
nally treated patients. In another recent study, however, no significant effect of thrombolytic
therapy on any abnormal signal average electrocardiography was found at 13 days after acute
myocardial infarction. The present study was designed to determine the prognostic significance
of the signal everage electrocardiography and to evaluate the possible value of this technique
as a noninvasive tool for monitoring of coronary occlusion and reperfusion.

Methods - Signal averaging was performed by using a signal average electrocardiography
with bidirectional filterings before coronary artery occlusion, at 5 minutes after coronary occlu-
sion and on reperfusion in 20 cats. Three of them died due to malignant ventricular arrhythmia
during reperfusion. In all cats, approximately 250 beats were averaged. All data were analysed
at filter frequency 25 to 250Hz, 40 to 250Hz and 80 to 250Hz. The following quantitative
high resolutional electrocardiographic variables were calculated by computer : 1) filtered total
QRS duration, 2) duration of HFLAChigh frequency low amplitude) signals under 40uv, 3)
RMS voltage of terminal 40ms, 4) mean Voltage of terminal 40ms, 5) average noise vol-
tage.

Results . At the filter frequency of 40 to 250Hz and 80 to 250Hz, the filtered QRS duration
and duration of HFLA signals 40uV were significantly prolonged at 5 minutes after coronary
artery occlusion than before coronary occlusion(P<C0.01). At the filter frequency of 40 to 250Hz
and 80 to 250Hz, the RMS voltage(terminal 40ms) and mean voltage(terminal 40ms) were
significantly prolonged at 5 minutes after coronary artery occlusion than before coronary occlu-
sion(P<0.01, P<<0.01 respectively).

At the filter frequency of 80 to 250Hz, the filtered QRS duration and at the filter frequency
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of 25—250Hz, the duration of HFLA signals at 40uV were significantly shortened during reperfu-

sion than at 5 minutes after coronary artery occlusion(P<<0.01, P<<0.05 respectively). At the
filter frequency of 40 to 250Hz and 80 to 250Hz, the RMS voltage(terminal 40ms) and mean
Voltage(terminal 40ms) were significantly shortened during reperfusion than at S minutes after

coronary artery occlusion(P<{0.01, P<{0.01 respectively).

There was no significant change of the filtered QRS duration, duration of HFLA signals

40uV, RMS voltage(terminal 40ms) and mean Voltage(terminal 40ms) after reperfusion compa-
red with those of control at the filter frequency of 25 to 250Hz, 40 to 250Hz and 80 to 250Hz

respectively.

Conclusions - These results suggest that the signal average electrocardiography could be a

valuable tool for monitoring the state of coronary artery occlusion and reperfusion.

KEY WORDS ' Signal average electrocardiography * Coronary artery occlusion + Reperfusion.
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AAEG. B8 PCOE 25~30mmHg, PO,
£ 80~100mmHg 12]i pHE 7.35~7.400%
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FRAG A ngeld] €& 43 A SN
F2L wg Al 2527AE dAst AREE
stk B3EY 2% £ ABFE A
HAsg B ede TIARAA FHEFR] B
AEd g S 3—01AL2 & F Zo] 5~6am,
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ZoddBe AZIEFRH =EAUF A7
e Bt AFS 2ASE o83
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#REAe AFS HAES AR BAM &
AR S fFEstgon ABF FERE Hi3)
71 98 582 APEAT ARFe 2L HAE
oA AVFE AL ABF FHY] Lo
22 A7IE H3e ARFF 108 23G A
3HE AATE AAAT

MAC 15 4] A %7 (Marquette Electronics, USA) &
AHgste] BAENARA, 27 5EF, AVF 10

3o Jdagd AAEHAE A8t 25~250
Hz, 40~250Hz, 80~250Hz¢8] 34 o8 A}
£3te, Zt Hzoll W& AAFAIY A€ F QRS
) & A)ZH(filtered total QRS duration), I¥I%E A
AN 5 A4 A (duration of high frequency
low amplitude signals ; HFLA signals 40uV), QRS
27} 40ms2] RMSZH 9] (root mean square voltage
terminal 40ms), QRS %7] 40ms¢] 373 9} (mean
voltage terminal 40ms) ¥ H# T3 9 (average
noise voltage) & Z33Ach A3ZHF AA=E
Au e XYZ FEEREH FFE2EENAN 715
HolAxm FP 4t XA g AT Foolut
ol Aute FyPitd oA FHEG. AZ
7hak o] AHg-E vt 2EA, 2FF R
ABFA 22t 250.5+ 35.5, 224.5F 58.4, 220.4% 74.
oz AE/HEgE] Bag FEE st |
Arh 2 AsE FEE3 fast Fouirier transform
filiering 3¢ AA A QRS complex’} F 34
go 2 HPE I 25~250Hz, 40~250Hz, 80~250
Hz® F35 A#E AHA A5G E34dh
Zt G xolA oftg A& QRS vector magnitude
[vM=(x2+Y2+2)'2]2 A= AFH A3
A ozE F QRS A&AZL, nHl= AH 9 A
& A7}, QRS %7] 40mse] RMSH St B A 971
AR dh(Fig. 1.

FAe 22F 4 ABFAY H4FHE F QRS
A& AZE alE AAHA 5] AEAZE, QRS B

Table 1. Effect of coronary ligation and reperfusionon
heart rate in cats(rate/min)

n Heart rate
Control 20 159.7+ 22,5
Ligation 20 147.8+18.9
Reperfusion 17 146.61 18.3

Values are meant S.D.

Table 2. Average noise voltage measured from high
resolutional ECG during coronary ligation
and reperfusion in cats(uV)

n 25—250Hz 40—250Hz 80—250Hz

Control 20 1.2710.92 0.82+0.68 0.30%+0.35

Ligation 20 1.58%1.05 0.92+0.52 0.30%0.16

Reperfusion 17 1.29%0.64 1.02+0.66 0.50+ 0.38
Values are meant S.D.
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Fig. 1. A typical pattern of high resolution ECG during coronary artery ligation and reperfusion in cats. TQRSD ;
total QRS duration, HFLAD ; high-frequency low-amplitude signal duration.
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20vte] 9] a19folF 17vhe] 7t AMBAFA YE3A
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1) FAFSHYL 25~250Hz F3¢ of ol A
AZ2A, 2232 ABFA 42 1.27£0.92, 1.58%
1.05, 1.29+ 0.64uV] 2™ 40~250Hz F34 o7}
A E z+zt 0.82 +£0.68, 0.92+ 0.52, 1.02%+ 0.66
uvath 80~250Hz F 34 o A= 2+2} 0.30+
0.35, 0.30% 0.16, 0.50% 0.38uVZ RETFNA 7
A, 2252 AFFA KA Zol7t g

BEA 9k 25~250Hz 94 o2t A HAEFS A
E 1.0uvoelgoloj A ANEHaA AL 0]23}7]9)
AZaA ge Aoz eyt

2) 23 NEFF AATY FFAH
HM A A%E F QRS AEAIZHS 40~250Hz9}
80~250Hz ST AHE AMES FPda] d=
o] HA(HN) S AFA 247 82.86ms(70.8+ 94.
3), 70.3ms(61.8% 78.8) ol H]3jA] AEF Z}z} 93.3
ms(73.3+ 118.3), 80.0ms(66.5+ 93.5) & 7181
o], B g2 A3 Table 304 B uhe} 2to)
Z}z} 1186+ 159, 1153+ 202% 2 9384 &7}
39Tz p<0.01, P<0.01). 25~250Hz F I}
Ao M e A& HAF(H)e 224 107.6ms
(78.8+136.5)9 H]3IA AEAF 115.7ms(93.8+ 137.
6)A3 WEGE B3l AFF 116.3+364% 2
F7tehe BAEFE EtH(Table 3).

INE AAHATY A&HAHE 25~250Hz,
40~250Hz9} 80~250Hz F34 oIS AL

Table 3. Effect of coronary ligation and reperfusion on percentage change of total filtered QRS duration

at the various filter frequency in cats(%)

n 25—250Hz 40—250Hz 80— 250Hz
Control 20 100.0+ 00.0 100.0% 00.0 100.0+ 00.0
(136.5—78.8) ( 94.4—70.8) ( 78.9—61.8)
Ligation 20 116.3+ 36.4 113.6% 15.9%* 115.3+ 20.2%*
Reperfusion 17 104.34 22.1 105.0% 22.5 102.8+ 27.9*

Values are mean® S.D. Values in parenthesis indicate range of measured value(msec).

*P<0.05 vs ligation **P<(0.01 vs contol
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BgolM dEX HE(Cish)2 22 247t 323
ms(10.8% 54.0), 26.3ms(20.9%31.6), 24.7ms(17.1
+32.3)0] B3| AFAF 242t 57.0ms(24.7+ 57.0),
36.4ms(21.5% 51.3), 32.7ms(18+ 47.4) & Z7}3t4
on MR g2 A Table 40 A B iEu}e} 2ol
Z}z} 178.3%1 131.6, 137+ 38.8, 187£55.0% 2 #9
A E71etd (@ p<0.05, P<0.01, P<0.01).

QRS Z7] 40mse] RMSH 9]-& 40~250Hz%} 80~
250Hz F3t5 o7& AL oM AEA 9
HaCishe Z2zd 47} 115.5uv(46.2+ 184.7),
76.3uV(24.6+ 128.0)ol v]3}A A EF Z+Z} 63.7uV
(8.0£119.4), 34.2uv(1.8%66.7)E ZAi3Nod
WE g2 FAH3LH Table 59 o] Z47} 52.0+ 30.3,
49.1+36.8% 2 FogtA Zastgoi(d p<o0.01,
P<0.01). 25~250Hz F35 oFHE AL A
NN E A& HHF(EH)E ZF3H71H 107.4uv

(81.2%183.5)0 wisiA ZAFF 85.0uv(8.5% 69)H
o wMEge FASH AAF 77.61438%F 7
adke 73%e BHYth(Table 5).

QRS 7] 40ms2] A 9-& 40~250HzS} 80~
250Hz F94 & AME8 Afoa AEFR 9
BFCH e 2FA 747} 69.1uv(27.8+ 110.4), 47.
2uv(17.71 76.7)0) Hl3iA AZFE Z+7} 37.9uv(7.9
+68.0), 21.7uv(1.0£ 41.7) & A3 o HES
2 32131 Table 6914 H.ule} 7o) 742} 52.44
24.6, 54.4% 37.5% 2 2 3HA A8t oHZ p<o.
01, P<0.01). 25~250Hz F34 AH#Z A3
Ao M A&A9 Ha(HY)e 2FH 127.3uV
(20.8+127.3)) wl|A ZAFF 54.6uv(l.150.2)
G gz AU HAIAF 7761 438% =2
#Aaske 3%E Rk (Table 6).

3) TN AZHF AAEY AFAF I

Table 4. Effect of coronary ligation and reperfusion on percentage change of duration of high frequency
low amplitude signals at the various filter frequency in cats(%)

n 25—250Hz 40—250Hz 80—250Hz
Control 20 100.0+ 00.0 100.0+ 00.0 100.0% 00.0
( 54.0— 10.8) ( 31.6—209) ( 323—17.1)
Ligation 20 178.3+ 126.0% 113.3+41.7%* 130.0% 56.5%*
Reperfusion 17 108.9% 34.0" 116.1£61.7 112.7£ 758

Values are meant S.D. Values in parenthesis indicate range of measured value(imsec).

*P<0.05, **P<0.01 vs control respectively

“P<0.05 vs ligation

Table 5. Effect of coronary ligation and reperfusion on percentage change of RMS voltage at the various

fiter frequency in cats(%)

n 25—250Hz 40—250Hz 80—250Hz
Control 20 100.0% 00.0 100.0+ 00.0 100.0+ 00.0
(183.5—31.2) (184.7—46.2) (128.0—24.6)
Ligation 20 77.6% 43.8 52.24 30.3%* 49.1+ 36.8%%
Reperfusion 17 96.6% 70.7 103.7+ 49.3* 93.6+ 41.4%

Values are meant S.D. Values in parenthesis indicate range of measured value(uV).

*P<0.01 vs ligation **P<0.01 vs control

Table 6. Effect of coronary ligation and reperfusion on percentage change of mean voltage(terminal 40ms)

at the various filter frequency in cats(%)

n 25—250Hz 40—250Hz 80—250Hz
Control 20 100.0+ 0.0 100.0+ 0.0 100.0% 00.0
(127.3—20.8) (1104—27.9) (76.7—17.8)
Ligation 17 57.6%81.7 52.4+ 24.6%* 54.4% 37.5%%
Reperfusion 17 83.9+ 49.5 95.1% 49.5% 99.1+ 48.3*

Values are meant S.D. Values in parenthesis indicate range of measured value(uV).

*P<0.01 vs ligation ##p<0.01 vs control



H¥A HE F QRS AHA L 80~250Hz F
g o2 AFEFE Aol A AEX ] HA(HH)
& ZAFF 80.0ms(53.9%90.9)0) BIS|A A BFA|
70.3ms(66.5% 93.5) 2 ZAaslgon wE gz F4
3'H Table 3olA] A&EF 1153+ 202% A AT
FA] 1028+21.9% 2 Fo3HA ZAasga(r<Lo.
05). 3}A|9t 25~250Hz9} 40~250Hz F35 o=}
E AMES Aol AEX e HA(CH) & ZEF
Z+7y 115.7ms(98.6% 137.6), 93.3ms(73.3+ 118.3) ]l
vl A ABFA 42 107.9ms(87.0% 128.9), 86.2
ms(63.7£108.7)Q WELE FJAsH FFAF
ZtZ} 116.3% 36.4, 1186+ 15.9% 9 H]S|A] FFA|
104.34 22,1, 1050+ 922.5% 2 7+A3E AL B
G H(Table 3).

IHIE AAYNETY A&A|7HE 25~250Hz F
¢ g AL FSolA A& HF(EHD)
L AZFE 40.1ms(24.7~57.0)0 vlEA ABFA
32.3ms(17.4+ 47.1) & A3 on WE g2 i
31A Table 404 ZZA] 178.31131.6% 1A AT
FA] 108.9%33.9% 2 fo3tAl A3 oHP<o.
05). 3FA| Tt 40~250Hz3} 80~250Hz F3¢ &7
£ A183 AL e A& FACEHe 2
2% 7}7} 36.4ms(21.5% 1.8), 32.7ms(18% 47.4) ]
v A ABFA 212426.7ms(8.9+ 44.5), 26.7ms(8.
9t 445) 1 W EEE FiEH AFF 47} 1379
+38.9, 1871 55.0% o Hl&)A ABFA 47} 116.0
+61.7, 1127£758% 2 ZA3e 24F¢S BEd
(Table 4).

QRS 7] 40ms2] RMSH $]-& 40~250Hz9} 80~
250Hz T34 3}E AME3 A5l 59
HACE9)e A2 F 747} 63.7uv(18.7£ 119.4), 34.
2uv(6.0t 62.4)9] BIA ATFA 22 102.1uv
(52.6~152.1), 61.5uv(28.3~94.7) & F7}5}3 2
WE g2 §AEH Table 594 REute} go] 2
A% 7+7} 52.9+30.3, 49.1£36.8% A ATFA
Z}7} 108.7+49.9, 93.59+41.4% 2 oA F7}
3Tzt p<0.01, P<0.01). 25~250Hz T35
AqZ ALEF Aol e AE5A e FE(EA)S
ZZF 385uv(8.0% 68.5)00 vls|A ATFA] 89.4
uv(11.91167.0) R WES 2 T3 AZF 77,
6+ 43.8%° HIshA AMBFA 96.6L195.7% %2 F
7V3te AES E9ti(Table 5).

QRS &7] 40ms®] BT H -2 40~250Hz8} 80~
250Hz T35 AHE AMGS BLoX HEH]9
Ha () 22F 247 37.9uv(7.9+67.9), 21.7
uv(1.0x£ 41.7) 9l ¥l A A BFAL 22 61.1uv(80.5
+91.7), 39.7uv(17.0+ 59.4) & Z7}slgor] W
&2 34513 Table 6014 Biulsl Zo] 2F 3%
52.4% 24.64, 54.41 37.5% 9 vl A ABFA] 2z
95.+49.5, 99.1+ 48.3% & #2184 F7tstuoH(Z
Zt p<0.01, P<0.01). 25~250Hz F 35 AFHES
A3 BeoM e A& B (P9 2EF
25.8uV(1.1£ 60.8) ol B3 A | FFAl 58.7uv(5.5%
H1.8)AL HEES FA3H AT 5761817
go] HEA ABFA 83.91495% 2 ZrlElE
78-S B tH(Table 6).

4) 13 NsHT AHxe] ZAFAF
AZAT ABFA AFAIEL 25~250Hz, 40~
250Hz9} 80~250Hz Fu4 g AMEd ZA¢
oA A&X9) HA(HE)S A& 27 107.6ms
(78.8+136.5), 82.9ms(70.8%95.0), 70.3ms(61.8%
78.8)°) vl3|A A{FAl 2+ 107.9ms(87.0% 129.
0), 86.2ms(63.7% 108.7), 72.0ms(54.0+90.9) 2 Z}
o7} S WEEE 45 Table 3014 BHE
ulo} Zro] AB/FA] 24z} 10431221, 105.0 22,5,
102.81279% 2 93 Xole AT

IEE AHAHgAFE A&HAITFL 25~250Hz,
40~250Hz%} 80~250Hz F34 AHE ARR-g
7Ag-ol A AE&X e HA(P)E A& 42 324
ms(10.8+ 54.0), 26.3ms(20.9% 31.6), 24.7ms(17.1
+32.3)0 vl ABFA 247} 32.4ms(17.41% 47.
1), 26.7ms(8.9% 44.5), 26.7ms(8.9% 44.5) 2 X}o]7}
AR WELE A Table 4014 Heuks
Zro] A FFA] Z+2} 108.9+ 34.0, 116.1+61.7, 112.7
+758%2 Fod zole Ak

QRS 27] 40mse] RMSHA$] & 25~250Hz, 40~
950Hz9} 80~250Hz Fit4 AT E AMES ¢
A A& HE(A)S 2FA 47 107.4uv
(81.2+188.5), 115.5uv(46.2+ 184.7), 76.3uvV(24.6
+128.0)0] HshA ABFA 2tz 89.40uv(11.9~
166.9), 102.1uv(52.6~152.1), 61.5uv(28.3~94.7)
2 aol7h AL WEEE A3 Table 500141
Hiutel o] AFFA 742} 96.61195.7, 103.7%
49.3, 93.6141.4% 2 2§ Aol fUAUH
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QRS Z7] 40mse] HT AL 25~250Hz, 40~
250Hz9} 80~250Hz F34 AIE A& A5
ol A& FF(HNS A2FA 47 7410V
(20.8%127.8), 69.1uV(27.8% 110.4), 47.2uv(17.7%
76.7)°) | ABFFA 2H2E 58.7uv(55+ 118.4),
61.1uv(30.5£91.7), 89.7uv(17.01/59.4)2 x}o]7}
ART WESZ FASIHE Table 6014 HEnbe)
2ol ABHFA 217} 83.9149.5, 951+ 49.5, 99.1+
48.3% 2 {23 ol AU}

5) ATBFAL A& 17k qAFA A4
AW oZ Q3] AFgst sutE]e] Y 4
it Azl ZFA Rl HLA] 80~250Hz F
g5 oA AF/E F QRS AFAILH I¥E
ARz AHARE AFA veiA] AEA
o] F7tE e AEF 17velol A 2+ 9.06+ 14.0,
7.12% 135909 H]3hA A3 selejel e Zhzt
193+ 4.5, 153+ 062 © A F718le 3ol
ARt

nl oF

giZo] FFAZET A
1t Aol A uz ]
= 3 £ E9 H(deflecion) o2
B § QAT gvtdeoz ¥dy Fe zzhd
2rje d WEstn Be AZ(1imv o)ah) o) W
o2 yehA "o o] vldALdE QRS complex
Atole] 71ztel® AR E o] VEbdSYlo] A&H
A71HQ BEL §BAL FYTHY,
FRAEAN, 8} desE HaEs vdd
9lo] wrao] 98 lo] ek A2AN A=
Aejubate] A HE AUzl A B3te] A9
atxo g it FRAZ N grIol o
U g, AMAE AT ZHe] AR A2 R}
AR vz AEH dE ATHRES THA
Aggoax FFHQ FEAZROE Lo
GO0, wpekA A2ANR9 9] 9% 49ty
Axe Fgoltiets AR FRA27} 2o
A7) Wo] A=A ok AFHo|AN 7|2
AR AL thekste], AWA YRR
AR e AATA duiglEs Quzt EA s

Z 9] (delayed potentials) &
e
ks

B Augto 2 RE AQuztA ¢As] HAL
dojuhA] gko} Aejgtste] o] FAIH ofF
Fo] n]dA ] 290 LU, FHA do}
AE AUTE wAAe 2ol B F Qa1
wxo g 7hEg Y& patch infarciond] A
o] 5% Jrp,

HdAde I T/HY AFE& A3 V)
S5 3 AR AT A HLE B¢ 3
g4 S AR 28 AUy, 4999, 4
2t A 7125 01A P19, Boineaus}t Cox2®
7} Agoz i AR HPEHANA AL A
Axrt AdH #EHE e AF22 dF3)
@3 Berbaria$Ve AR AAVEE FIA
QRST}HO] wiR|EE REA AAHAAE AFo2
FRaHen o] AUt ArAAEFTH AH L
2 Z dX3te Ag Ao

ojgfol A4l wdALE A dF 4
2o AEQ ¥ &R AZE AL A2
Edx BFYE Axgos ddo] g,
FAASAA Y 27 FA A EAE F UE
nAdANE A HEA A4 g Atd
njddg et o HeAEAd 1A 7R A
ot FZ A Jede vddde AEHUE
AZAAR7E AlH ez AdAEHA gA NEH
e RE o8 A= E Ao YD)
A2 2719 vehde o]dd e McGuired
o] Bwo) mad FHALE 42o] HH3t €71
Aol Yehd AR o] AfoAe A¥AFH
HA REHoz gigd NEr AdEHD #39
ALE dodle Ao V&sgot uehr] 2
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