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Abstract . The electrocardiographic(ECG) parameters on the standard limb leads in the normal Korean
native cattle have been measured with a 3 channel Electrocardiograph built in a computed analysis. The
study was conducted on the animals 98 heads of mean age of 17.7 months. Conduction parameters, waves,
intervals and segments have been recorded. The recordings were analyzed as to shape and amplitude of the
P and T waves and the components of the QRS complex. Heart rate was recorded by the Electrocardio-
gram which were a mean of 80.4 1+ 11.6 beats/min. And the younger had a higher heart rate than the older
one. Average conduction times in the RP, the QRS complex and the QTc interval recorded 166.7 £23.1
msec., 79.7+ 8.8 msec. and 395.5%+ 30.4 msec., in the P and T wave duration recorded 70.1 +13.5 msec.
and 97.6+ 169 msec., and in the PR and ST segment duration recorded 97.9+ 23.5 msec. and 1739+
40.3 msec., respectively. The wave forms in each lead observed various types. The amplitudes of wave
type showed the highest frequency in each lead that were analyzed as follow :

1. In P wave, amplitudes of the positive type showed the frequency of 65.3%, 82.7% and 52.0% in
leads I, II and [ that were 103.1+47.8 2V, 1152+37.3 £V and 67412692V, and it showed the fre-
quency of 54.1% and 85.7% in the leads aVL and aVF that were 63.71+23.0#V, 8801836 #V, respec-
tively. Average amplitude of the negative type showed the frequency of 78.6% in lead aVR which was -
993+3804V.

2. Average amplitude of the QRS complex were from 3628+ 177.7 #V to 532.8 + 2539 # V(mean of
4491 +£57.2 # V) that in all leads except lead I were manifested the Low-Voltage QRS complex(below
0.5mV). Average amplitudes of each wave type in the QRS complex aere -50.24+258.2#V and -4286+
195.1 #V in the QS groups type that showed a frequecny of 66.3%, 70.4% in the leads I and aVL, were
451.1+2042,V, 387611758 #V and 299.31+146.5 4V in the R groups type that showed a frequency
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of 48.0%, 53.1% and 34.7% in the leads I, aVR and aVF. and were -307.5+1803 4V, 2014+7724V
in the QR wave type which showed a frequency of 39.8% in lead TI, respectively.

3. In T wave, amplitude of the positive type showed the frequency of 50.0%, 82.7%, 51.0% and 57.1% in
leads II, I, aVR and aVF which were 214911156 #V, 1835+119.3 4V, 191.0£93.7#V and 1657+
919 #V, anb the negative type showed a frequecny of 66.3% and 72.5% in leads I and aVL that were -

2213111254V, -173.6186.7 £V, respectively.

4. Amplitude of ST segment in leads I, Il and Il were a mean of -12.2+37.24V, 1751426 #V and
2831404 £V, in leads aVR, aVL and aVF were -39+3254V, -159+356 #V and 26.2+3754V, re-

spectively.
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@-LA @-RA @-RL @-LL EKG
Fig 1. Electrode-saddle and the placement of the electrodes for the standard limb leads in the bovine.'

Table 1. Classification of groups in the measured 98 heads

* Electrode Needle

Groups Heads Age range Average age{months)
1 48 6-12 month 7.65+1.99
2 30 13-24 month 21.10£3.72
3 20 25 month over 36.15+4.36
Total 98 6-25 month over 17.56+11.48

Table 1. Position and polarity of electrodes in the standard
limb leads used for recording in the bovine'

Leads Negative electrode Positive elecstrode
Bipolar limv leads

1 RA LA

1 RA LL

1 LA LL
Unipolar limv leads

aVR LALL RA

aVL RALL LA

aVF RALA LL

RA : right foreleg, medial aspect of the olecranon
LA : left foreleg, medial aspect of the olecranon
RL : right hindleg, medial aspect of the patella
LL : left hindleg, medial aspect of the patella
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Table 3. Heart rate of the normal Korean native cattle

Groups 1(n=48) 2(n=30) 3(n=20) Total(n=98)
Mean1SD 84.64+9.0 77.7+13.7 75.5+11.1 80.41+11.6
Min 62 53 58 53
Max 104 100 91 104

Table 4. Duration of intervals segments and waves of the ECG of the normal Korean native cattle

Conduction time(msec)

Groups PRmt QRSint QTint ATcmt.  Pdur T dur. PR seg. ST seg.
Mean+SD 165.31:24.3 79.3+7.7 #336.01+29.4 392.11+29.2 66.81+10.0 95.2+15.0 97.2+24.8 *164.3136.7
1 Min 116 68 256 333 48 68 60 72
Max 224 96 400 454 8 140 180 244
Mean+SD 166.3+24.0 79.11+8.9 *360.7+44.8 401.7+31.9 73.1%16.2 98.4+18.5 95.4+21.7 181.8+45.3
2 Min 112 56 284 291 60 80 60 112
Max 212 92 448 455 140 132 152 260
Mean+SD 170.6+17.4 81.6+10.8 351.4+33.6 394.31+29.6 70.1%+14.2 102.2:+17.8 104.0421.9 #185.6+-34.4
3 Min 140 56 300 309 60 80 80 136
Max 212 100 412 443 104 142 168 256
Mean+SD 166.71+23.1 79.7+8.8  346.7+37.3 395.54+30.4 70.1+13.5 97.6+16.9 97.9+23.5 173.9%+40.3
Total Min 112 56 256 291 48 68 60 72
Max 224 100 443 455 140 142 180 260

* 1 p<0.05, int. . interval, dur. . duration, seg : segment.

Table 5. Amplitudes and frequency of various P wave forms in the standard limb leads unit . #V(% : frequent)
GR/Leads Positive Negative Pos.-neg. biphasic Neg.-pos. biphasic Plate
I 99.2+32.4(79) 15010(2) 50.040, 60. £0(2) 47.5% 9.0, 80.0+42.2(13) (4)

1 i * 103, 8+26. 3(90) - - 47.3£10.4, 105.8414.8(8) (2)
n=48 [ 63.1123.8(44) 47.4111.0(19) 40.2+8.0, 60.8+36.3(10) 4.0+ 0,  97.019(2) (25)
aVR - * %% 91,2428 6(85) 38.0+8.9, 89.3+31.3(8) 30,0+ 0,  75.010(2) (4)
aVL 62.9424.7(63) 45.0£0(6) 37,040, 80.0%(2) 36.61 6.9, 53.6140.22(15) (15)
aVF | *** 69,7+25.5(90) 70.0+8.2(6) - - (4)

i 91.5+28.6(57) 34.014.0(7) - 58,94 30.4, 111.3142.6(30) (7)

2 1 118. 3440, 8(83) - 125,040,  65.0%0(3) 66.0+21.0, 85,0:+45.0(7) (7)
n=30 Il 78.7+21.7(57) 60.0£0(3) 54.3+15. 9, 47.0£10.9(13) 110.0£0, 50.010(3) (23)
aVR - 9. 5+31.4(77) 60.8+25. %, 94.2123.0(20) . (3)

aVL 65.2+19.8(50) 50.0+14.7(10) 27.540.5, 30.012.0(7) 60.0+£24.0, 74.2+44.2(20) (13)
aVF | ** % 91.8+30.1(83) 70.0+0(3) - 50.040,  110.0+0(3) (10)
137.7+89. 3(50) 61.04:21.0(10) - 59.4122.7, 81.9120.9(40) | -

3 I]=* 146.7+41.6(65) - - 54.0+41.6, 123.3+36.3(35) ‘ -
n=20 [ 75.5420.3(65) - 112.5+102.0, 40.818.2(20) 63.010,  107.010(5) (10)
aVR - * % % 129.7455.5(65) 44.0112.0, 56.3%29.4(35) - -

aVL 67. 6+15.8(40) 55.0+22.6(20) - 40.8+7.9, 46.7+9.0(30) (10)

aVF | **x 95,126.6(80) - 50.0£0, 120,0£0(5) 56, 61+23.9, 118.31:67.9(15) -

1 103.1+47.8(65) 68.0144.8(3) 50.0+0, 60.040(1) 55.21+24.4, 92.9+39.3(27) (4)

Total 1 115.24:37. 3(83) - 125.010, 65.010(1) 56.8129.7, 112.04:35.8(13) (3)
=% 67.4+26.9(52) 48.7+11.1(10) 66.8+65.6, 50.4+25.3(13) 73.3126.7, 104, 7£5.6(3) (21)
aVR - 99.31:38.0(79) 72.1194.6, 95.7+23.8(17) 30.0£0, 75.010(1) (3)

aVL 63.7123.0(54) 50.5+17.0(10) 30.7+4.5,  46.7+23.6(3) 45.3%17.9, 65.8132.5(19) (13)
aVF 83.0+83.6(86) 67.5112.5(2) 50.0+0,  120.010(1) 55.0£20.9, 116.3+58.9(4) (5)

Mean+SD. *p<0.05, ** . p<001, *** : p<0.0005, GR : groups, pos. . pcsitive, neg. . negative
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Table 6-1

. Amplitudes and frequency of various QRS complex wave forms in the standard limb leads

unkt © #V(% . frequent rate of wave form)
GR/WF 1 I m aVR avVL aVF
05566.0+254. 7(48) 369.6+144.8(21) - 270.0+0(2) 464.11159.8(56) |255. £0(2)
QR[375.6+136.6(21) | *256.0+140.7(40) 164.1+98.5(19) - 244.0£115.9(8) |176.0166.9121)
202.5=183.9 219.6+89.4 350.2+140.7 - 116.3£14.7 204.5169.6
Qr| 345.8+198.0(13) 367.6+143.2(15) 220.0£0(2) 237.0+0(2) 375.0+195.0(4)  [230.0+70.0(4)
66.3+12.5 68.619.9 60.0+0 43.010 55.0£5.0 75.2%15.0
qR - 53.8410.8(8) 54.1£16.2(23) 30.040(2) 45.010(2) 56.4118.6125)
- 217.5154.1 410.44+252.2 370.010 195,040 283.8+152.6
1 R|226.5+73.5(4) 354.01196.0(8) *446.9+125.3(27)  |432.7£190. 2(40) - 383.3+210. 9(8)
Rs|144.0+39.0(4) 430.0+0(2) 339.0114.0(4) 287.8+148.8(13) - 288.7+98.8(6!
—~ 52.5+12.5 70.010 51.0%14.0 54,0+ 9.61 - 42.7%5.4
n RS{100.0£0(2) - 255.2+119.7(10)  {248.6+127.6(30) [205.0+0(2) 296.5+133.5(4)
i 150.0+0 - 192.61+69.2 173.61+ 62.7 325.0£0 148.0+ 42.¢
£ 1S] 53.0+0(2) - - 67.7+27.2(6) 54.0+11.6(10) -
~ 247.0%0 - - 152.7144.6 434.0£258.1 -
aRs| - - 60.040(2) - - -

- - 247.010 - - -

- - 67.0+0 - - -
QRS|519.5+227.5 438.31165.5 454.51186.6 411.2+173.8 441.2+177.8 342,8+154.9
com

QS Gr{511.3+260.1(63) 368.81+144.2(35) | *220.0+0(2) 193.04:61. 2(10) 454.4+181.2(71) |238,3+58.4(6)
R Gr[185.3%71.9(8) 301.8+156.7(19) 416.6+188.3(54) [397.6+185.5(54) |195.0+0(2) 303.41164.0(44)
QS|479.5+175.4(53) 359.8+35. 6(30) 445,01155,0(7) - 402. 21 134. 8(47) |401.3%109.9(13)
QR(339.0+182.2(13) 318.5+179.1(47) 162.1146. 2(23) - - 200,178, 8(37)
203.31126.7 396.3166.8 317.9%178.9 - - 180. 6+63. 8
Qr{490.0%227.6(10) 100.0£0(3) 164. 3+ 34. 4(10) - 201.0+92. 8(10) 150, 0+0(3)
83.31+9.4 75.010 69.316.7 - 67.7+13.6 %0.0£0
qR| 70.0%8.2(10) 55.045.0(7) * 67,5118.7(20) - - 76,71 18.9(10)
R 359.0+249.5 135.0£35.0 404.31117.4 - - 321.7£147.7
N R - - 396.11106.8(23) |[394.74122.5(37) |440.00(3) 237.51+52.5(7)
. Rs|746.0£0(3) 277.010(3) - 224.2487.0(17) - 313.0£0(3)
n 70.0+0 57.0+0 - 68.61+11.8 - 43.010
I RS - - 283.5+66.5(7) 377.61168.3(33) [143.3£20.5(10)  [191.5+41.5(7)
= - - 225.0£125.0 135.1+36.6 333.31168.2 133.5+3.5
he S| 60.0+0(3) - - 80.010(3) 53.7+421.9(17) -
210.0+0 - - 150.0+ 382.0+£119.1 -
Rs| - - - - - -
QRS|507.91199.3 464.91+174.1 441.91144.9 422.31166.7 405.31£140.5 362.5+126.8
com.
0S  Gr.|467.6£189.5(67) 366. 21+140. 5(33) 276.6+171,0(17)  [150.010(3) 370.1+143.4(74) |351.0+140.6117)
R Gr|455.81273.4(13) 182.3+72.8(10) %399.9+11.9(43)  }338.3%141.3(53) |440.010(3) 392.21115.4(20)

GR : groups, WF . wave forms, com. . complex, * : p<0.05.

aVR F=oll e Y (51.0%)0] 191.0+£93.74#V, &
A48(35.7%)°] —171.3+86. 7« VZ JE}SL) aVL &
EolMe 4 H(72.5%)0] —173.6186. 74V, %A &
(21.4%)°] 90.0141.54 Vol o8, aVF X o)A +=

50.0% )0] 256.5+157.2pV, S Y (Z2HE : 24.5%)0]
-189.94+93. 5 Vol e, & - ¥4 (24.5%)2
—174.4177, 1mV, 89.2430.9#VelAch MHA oA E
FA ¥ (82.7%)0] 188.5+119.3# VoAt YZFH x4l
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Table 6-2. Amplitudes and frequency of various ORS complex wave forms in the standard limb leads
unit © #V(% : frequent rate of wave form)
GR.WF. 1 I i} aVR aVL aVF
0S]608.0+341. 8(45) 272.61100.1(25) 900.0+540,0(10) {730.040(5) 559.0+259.5(45) |493.31216.1(15)
OR|560.0+240.0(10) | *445.0+231.1(30) 196.5+96.1(20) - 430.010(5) 224.71103. 6(30)
213.0+47.0 158.3130.8 346.51261.0 ~ 180.010 246.3+176.6
Qr{270.0+80.0(10) 305. 0+105.0(10) - - 120.010(5) -
60.01+20.0 77.512.5 - - 50.0+0 -
gqR - 90.0+0(5) 70.0+0(5) - - 61.3+11.4(20)
- 270.010 560.010 - - 238.8+89.9
3 R|785. 04595, 0(10) 516.7+215.2(15) | *711.7+202.2(30) |[494.31187.9(30) [635.0+523.9(15) ]365.0+9%0.3(15)
Rs - - 106.0+0(5) 349. 0£136.0(20) - -
. - - 96.010 68.3t 13.9 - -
n RS - - 136.01+0(5) 372.04226.9(25) = -
i - - 273.010 171.0%+ 54.9 - -
& S| 55.0426.9(20) - - 60.0£9(5) 76.7+ 4.7(15) -
~ 487.5+267.3 - - 105.0+0 276.71111.5 -
qRs - - - - - -
QRS 606. 3+352.3 471.4+243.5 607.31305.7 463.2+228.5 543.51:318.2 410.71+173.8
com.
QS Gr|530. 8+321.2(75) 281.94102.5(35) | *900.0+540.0(10) [417.5+312.5(10) |460.1+270.1(65) [493.3+216.1(15)
R Gr.| 785. 0+595. 0(10) 455.0+214. 8(20) 628.41252.3(40) [436.2+183.4(50) |635.04523.9(15) |292.9+109.6(35)
QS|574.1£255.2(49) 346.7+141.7(25) 672.51457.8(4) 500.0+230.0(2) |463.8+183.6(51) |417.54170,7(8)
QR|389.5+177.6(16) 307.5+180. 3(40) 169. 9184, 3(20) - 281.2+127.6(5) 191, 01 86. 6(28)
204.0+93.3 201.41+77.2 341.21185.3 - 129,0+:28.7 211.41109.9
T Qrf 371, 4+206. 7(11) 328.31151.5(10) 178.3+38. 3(4) 237.0+0(1) 245.51161. 8(6) 203.3168.5(3)
6] 69.8+ 16.0 7.0 9.2 67.0t 7.0 43.010 60.5+ 12.4 80.0114.1
qR| 70.018.2(3) 59.3+15.2(7) 59.4+17.9(18) 30.030(1) 45.010(1) 60.2+ 18.8(21)
359.0+249.5 201.4+64.1 416, 7+211.4 370.010 195.010 280.6+144.1
T R|505. 81507 6(4) 423.74219.7(7) 494.31187.0(27) {431.11+175.3(37) |586.3+461,5(4) 344,81162.6(9)
A Rs|344.740(30) 353.5+76.5(2) 261, 31110, 4(3) 282.91136.5(15) - 294, 8+86.2(4)
L 58.3+13.1 63.5t 6.5 66.01+24. 1 62.7+ 13.6 - 42.8% 4.7
.« RS{100.0£0(1) - 246.1+107.9(8) 331.74169.1(30) [158.8% 32.1(4) 244.01111.9(3)
Il 150.0+0 = 210.8% 87.4 159.9+ 56.6 |331.3%145.7 140.8% 30.7
R 18| 55.5+22.1(6) - - 68.6+22.0(5) 59.2+ 18.3(13) -
~ 401.2+250.3 - - 142,6+39.4 377.74£193.7 -
qRs - - 60.010(1) - - -

- - 247.010 - - -

- - 67.010 - - -
QRS|532.81+253.9 453.8+186.4 481.91215.8 421.24+189.3 42,01+217.3 362.81153.4
com.

QS G 502. 4+258. 2(66) 350.1+139.9(35) 425.4+408.2(8) 243.8+192.4(8) 1428.6+195.1(70) |369.1%177.7(11)
R Gr.| 413. 41:389. 8(10) 317.7+186.1(16) 451.14+204.2(48) {387.6+175.8(53) |508.0+441.5(5) 299.31146.5(35)

GR : groups, WF : wave forms, com. . complex, * : p<0. 05.

FA8(57.1%)°] 165.7+91.94V, & - 444 (21.4%)°]
—101.6+51. 6 2V, 110.0+47.0¢V, 438 (15.3%)°l
—112.24+46. 1 #VE YEPeh. TH¥ e &8 &) 10%

ol 4 Wy HF 7MY ¥ HWAE vehd A2 I
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Table 7. Amplitudes and frequency of various T wave forms in the standard limb leads

unit . # V(% : frequency)

GR/Leads Positive Negative Pos.-neg. biphasic Neg.-pos. biphasic Plate
1| 188.2475.7(17) |[206.2498.5(73) - 110.040,  90.0%0(10) -
1 II| 258.0+276.4(4) [163.0+£84.4(21) - 180.0477.9, 88.0+25.9(33) -
n=48 [l | ¥168.5+80.6(77) | 93.3%75.9(13) - 90.0+21.6, 85.7+12.3(6) (4)
aVR| 185.4+85.3(54) [171.9498.3(33)  |100.3+67,7, 70.3+20.0(8) 142.5+87.5, 5.8+15.0(4) -~
aVL| 99.1+47.6(25) |174.3£80.9(69)  |70.0%0, 60.0+0(2) 80.0+£0,  60.010(2) (2)
aVF | 150.8+69.2(52) [109.1%47.8(17) ~ 107.5+50.4, 108.9+44.0(29) (2)
T | 175.1491.9(40) |216.9£113.0(53) - 70.0+20.0, 80.0%20(7) -
2 0| 211.249.1(57) {196.9+98.7(27)  |170.0+, 80.0£0(3) 102. 3454, 8, 114.8%39.7(13) -
n=30 I | *165.94+92.8(87) | 50.0%0(3) 60.040, 30.0(3) 100. 040, 80.0+0(3) (3)
aVR | 170.4+109.6(50) |169.7+73.9(43) - 85,040, 90.0+0(3) (3)
aVL | 81.4+28.6(23) |153.7+72.0(73) - - (3)
aVF | 157.7+69.6(6) 45.040, 50.0+0(3) 109. 8+61.0, 100.8+47.0(13) (7)
I | 168.3+52.1(30) }266.1£133.1(70) - - -
3 II| 256.5%157.2(90) |225.5+86.9(30) - 205.0+65.8,  68.3319.0(20) -
n=20 Il | *262.24176.7(%0) [120.0+0(5) 250.00, 60.020(5) - (5)
aVR | 241.4+66.5(45) |173.3+79.9(30)  |250.040, 60.0£0(5) 162.5+102.5, 157.5+82.5(10) [ (10)
aVL| 65.0%15.0(10) |199.3+107.6(80) [147.5+27, 130.3+40.0(10) - (5)
aVF | 205.2+135.5(65) [130.0%40.0(10) 63.3+12.4, 126.7+55.6(15) -
[ 178.3+79.4(27) [221.3%+112.1(66) - 83.3+24.9, 83.3+17.0(7) -
Total [I| 256.5+157.2(50) [189.9+93.5(25) |170.0+0, 80.0£0(1) 174.4477.1, 89.2:£30.9(25) -
n=98 [I| 188.5%119.3(83) | 91.3+68.1(8) 60.0+0, 30.0£0(1) 92.5+19.2, 84.3£10.9(4) {4)
aVR| 191.0+93.7(51) |171.3+86.7(36) [130.2485.2, 68.2+18.4(5) |139.0%89.9, 110.0£65.5(3) (2)
avL| 90.0+41.5(21) [173.6+86.7(73)  |147.5+27.5, 130.0+£40.0(3) 80. 040, 55.0+0(1) (3)
aVF | 165.7491.9(57) [112.2£46.1(15) 101. 6+51. 6, 110.0+47.0(21) (3)
Mean=SD, * : p<0.05, GR : groups, pos. : positive, neg. . negative.
Table 8. Amplitudes of various position of the ST segment in the standard limv leads (unit © #V)
Groups | ST-seg 1 Il il aVR aVL aVF
ST-J -15.6+34.9  #% 15.4+40.0  34.5+43.4 % -0.3126.1 -23.3127.5 30.7+25.5
! STM | -13.0£50.2 5.8+47.6 18.8+49.6 #% 6,6+£28.9 -15.5137.6 16.9432.2
n=8 1 orE | +-24.0445.0 -12.3+41.0  20.5£50.5 21,9431 -21.6+38.8 11.8434.7
Mean -17.5+43.4 -3,0442.9  24.6%47.8 9.4+28.7 -20.1134.6 19.8430.3
ST-J -12.5+32.4 %% 43.7+46.3  43.1£50.2 -13.0426.1  -31.0£38.2 44.5451.7
Z‘ STM | -12.0+34.2 24.7+48.4 23.5+45.7 -7.9432.4  -14.7+41.4 28.5450.9
n=01 grE | *-217440.1 3.0+49.2 12.8447.3 7.2436.0  -9.7+46.6 17.4+50.0
Mean -15.4+35.6 23.0148.0  26.5%47.7 -4.6+35.2  -18.5+42.1 30.1450.9
ST.J -5.1427.3  *#%40.9430.9  48.5+35.8 % -21.6+28.9 -25.9132.2 41.7427.6
3, ST-M 1.0+27.6 24.5+32.6 31.5+31.0 *-17.5+31.1 -17.2+25.8 28.3430.0
n=1 | org |« -5.0%43.2 12.1447.3 21.8440.0  #%% -10.5+40. 6-14.0+32.0 15.6+34.7
Mean -3.7432.7 25.8436.9  33.9%35.6 -19.0430.0 28.5+30.8
-16.5+33.5
ST-] -13.0+32.7 28.4+41.1%  39.9+44.6™7 -8.2+31.8"% -26.2432.5 36.3435.5%2
Toul STM | -10.1%42.1 15.2446.274  22.8445.4™¢ -0.2+29.8%%  -15.1%37.0 23.3+39.7%2
n=7 1 STE -18.5+44.1 -2.8445.77  20.3+46.6%° 10.84336.97*  -16.7+41.5 15.5+39.57°
Mean -12,2+437.2 17.5442.6  28.3140.4 -3.9+32.5 -15.9435.6 26.2437.5

Mean+SD. ST-J : ST-Junction, ST-m : ST-Midline, ST-E : ST-End, seg. ' segment.
Between group : * + p<0.05, ** ; p<0.01L, *** : p<0. 005.

Between position of ST-seg. : +1 : p<0.05, +2 : p<0.01,

+3: p<0.008, +4 : p<0.05.
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Aie 29 AetssE 980 S wet #a
g Bt gxsa AU

2} I3} 28249 AlZt: A AxAtez &
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3 $UFAARH JA271X 9] AFHAEAN PR
(Q)HA N el AT FxoiA 3 E PR(Q) 4FL
2 Aol A 166. Tmsec. 2 ER} Holstein'ol1A41 2] 0.208
sec.9 Lank?7t B Aol A 34 @ 0. 216sec. RTHE 23k
T Jersey®®) 0.17 sec.9be A 2™ Schults®7t 2
A &3 I, 1, IR=A 22 0.133sec, 0.
129sec., 0. 127sec. Bohe= & AHE JYetddh =8
Aol F7Hgel wet B A7l E 123 2294
165. 3msec.$} 166. 3msec. 2 W& 27 E Yehlioy 3
T A& 170. 6msec. 2 thA F78te A% Aoy
94 g€ Hole oyt oYL AAE Jersey®
g4 6~127] Yol A 0. 16sec., 124190 4] 0. 17sec., 34l
o] ol A 0. 16sec. & Vel Ao} A AR &1
At

AA el 2 ¢RBZ AL 9u)dtE= QRS complex 9]
A)Zhe] QQolA B AT A E 79, Tmsec. & YEPR R 9}
2121} Holstein'*ol A1 2] 0.088sec., 242041 2) 0.092se-
cBTHE Ut ZAEHAD Jersey® ol M 9] 0. 070sec. ©.th
gz 439 Axoly, 19 & dFAER 0.06—~
0.10sec. & Rt lof ARz FAG AAE Y
Rl AT’ AB o Fhol whE Wste AP HA
ggton o8 ¥ AE Jersey®oll A9} 6~12714, 1~2
A, 34 o]0l A BF 0.070 sec.2 W 3}E LR A] &
& A FA Ao

Ao B2 $27)8 Julste QT 1H4 & HAts
4560 3/E Y WS 7Fez AT QT Yehd
o) ¥ Aol A2 W 395, Smsec.t Holstein'oll 412 0.
398sec., Jersey®oll A 9] 0, 380sec., & 420l 4 Lank’9] 0.
409sec., Schults®®} 0. 380sec. 9} ThE AFAE5%0] B a1
& HA 0.36sec. oA H3 0.41sec. & VEbS BT} f
ApeHA Vel AP o] W& QTc 3 & 12 A
392. Imsec., 27 A 401. 7msec., 3TN A1 3%4. 3msec. &
Ueht 2ol A oA B4 vebgey 94 e A
ole 9o, o8 ¥ AFE Santisteban®™0] B 13
Folx) 9} 14 0)432) AeA QT AL f9A Ae F
72 Jebddhe B9}, Jersey®oll A9 6~1270 9, 1~
24, 34 o] ol B 0. 380sec. 2 W3S YeRN A &
& Age tha o) F v 2 AU

EWAAM HAAAAA o) Fde AL F, A7)
A0 24=2¢ AHhg FRste Atez 487 P
Azt Ao I oA P E T A2
B dApolA 70. Imsec. &} 97. 6msec. & 242} VHEMRETH
o]l & A3t= Pupe} Tohe] Al7ke] Holstein's1 4 9] 0.
100sec., 0. 114sec., Jersey®oll A2} 0.07sec., 0. 06~0. 14sec.
9} B Aol A Lank?*e) 0.082sec.(P)oll Bl&te] chaof &

ol& el Yo, ojdtox & AFAEL P dur &
0.08~0. 12sec., T dur.& 0.08~0. 20sec. & B33 9}
o] AFAE Abolof HFE Ho]E vrehl 2 AU
B Ao A Ao e P A 123 23 A}
ool & oA A (p<0.05) Xol 2 ey oy, Tt
o] Nzt e AR o] Zotge wat AT Aol F
7behe AL AR F A ol T A Jer
seyPoll A1 9] Pte] AJzre) 6~1270 9, 1~24, 34 °1 %
o A BF 0.07~0.08sec. 2 W3 E Ve A g2 A
i 2ol E Jeh o gl ey, T Azt A 6~12
A4, 1~24, 34 o} oA 25 0.06msec., 0.08msec.
0.10msec. 2 Z7H3 %S Vehd A fAH A
Alub2 o] A B2 (repolarization) Al 2ol 3133k PR
AR AA29 ANESO dFste ST #4& 3743}
£ A E AR A 97, 9msec. &} 173. 9msec. & 1 E}
Wiz 2k o8 8 23+ Holstein' ol 4] PR ¥4
7} ST ¥&o] 0. 109msec., 0.105msec. 9} A3} o b
Jersey®ell A €] PR 230} 0. 17msec. 2 et Ao}
e Asth d3o] Sugel g WadMe # 37
o 4] PR #4¢] 1, 2, 32IA 22 97, 2msec., 95. 2ms-
ec., 104.Omsec.2 Y §-94 e Wdte 38 =
Aoy ST £ ol A += 164. 3msec. 181. 8msec. 185.
6msec. 241 173 37 Aol #2149 A& (p<0.05) 2t
ol AT F AUk olHF AR Jersey® ol A 9
PR seg. 7} 6~1271 9, 1~2A4], 34 o] ol A B 0.
16sec., 0.17sec., 0.16sec. 2 W3& JefA ¥e 75
t}4: o] 7} 9121} Santisteban®o] Bl E $obA] ¢} 1
Al ol el e ST BA 9 40 fA4 e F7HE
vepdt L e Ao FASHA YEs
PO} : ADde] @R Fo) oM Y& P ¥
7 2as 2 Aol dste B A7l A vdepd 2
Sy wg Poe 3y 2UANEE FRE
ulal Poje) g8l o] chestAl Yebgd #ut op gl oful
fxo) A & B¥o) wuolAe 2HEES Fe ALE
gglom Ao A feolA & FFY B3] 50% o
9] #d8< Yehl 2 AUH Table 5). o] o}&2 A3
= oy dFAEN T AR A(F2 AN F
A ARz A et A% FAHA Ve sith
B aAazAno A g Feyold #ERY 1ol
0%l Vel S AFHEU I fxolM 44
89 82.7% % @ HEQ aVF FEA ¥ P e 85
7% 2ot W% ALE Y2 2HES M T
M #%9aVL fxolA G4 d pstel 9] 52.0% 9 54.
1%0]th oleld d3e 2 A7 2 YHo 2 32
%9 Holstein® 2] A4 AAxA A3 Deroth!
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2 Ao} Ao AL o, Jersey F(29F) 9
I, I, M f=odA 3382 Pl 69.0%, 89.7%,
86.2% 2 27t 7V3 & 298 2% Upadhyay®d
Auehe RASE 2ol YEb 2 AT 2y &
1559 FAdA Schults’s= 448 Ps7t I, 11, aVL
FrroA 10% 2 2 ES YEH T aVF R A
%9 2882 Jegyon, 343 Pae I 459
aVR Fr =X 42 93% 9 100% £ 2HES BE
S Asels B2 2ol g el Uk ol @ 2
#o) ol et Hye) FUNEE T I5F Wto
2% At opd st A gk B Aol el A
u g Pae) g vz xol= I, [I, aVL, aVF
Aol A Py} oA FAse S B
w [ oM E Z7iste 28-S 92 aVR
FroME E49% Pl AAste 38S e,
dAFo] Z7igtel whel Pohe) gy s vxrt ohd Wl
= Aoz Qg Ao g Poe] oy N
o B3 wste] Hiae JskA B3k

fro WE pao) Aol W AgFolM YW
wrh et g Ao I, [, I =4 g7
103. 14V, 115.2#V, 67.4#VE e} (Table 5), Hol-
stein'®] 110 2V, 91 2V, =13 £V Jersey® ol 401V,
130V, 100V, 29 32949 0.05mV, 0.09mV,
€. 06mV (Seller') £+ 0.122mV, 0.129mV, 0.058mV*%}
1= 438 atol & Yeh 2 Aok aVR, aVL, aVF
o] oM e B ApFAol A et —99.34V, 63.7
1V, 88.0#VE Holstein' 9] —0. 104mV, 0.065mV, 0.
033mV e aVF 2 A 49 ztolE el 2 A
o, #2439 0.176mV, 0.149mV, 0.079mV e A3
@ xpo] & Yepl 2 AT

AR upgt pREE 4 FeA 9 Pao) ¥zt
S =9 aVF 459 44 P}, aVR frEodAHE 4
patol A bl 94 A 8stE Yeh 2 o]
2 o] Z715tel uiel Pole] A7 fr=gel oet
#ala A2 ARY = A

QRS complex : 442 &3 M FP=E Q-
RS complex B89 2@d8: L Ao ddty 7 f=
wralof & ORS complex?) 333 28 E S ALl
U gE 249 72y A5 oE gyl &
wHe) wet e ez Jeton 3 #E f 5
o] ME Hg o} ey} FsA Jerd AR o
218 #ado] Ao A9 AHREE olsls AU U3 &
f5=d o@ge] Ha e Aoz A4dEyg. 2 4
FABNH YeEd AR Pty Too e A A
F5o A & 33o] Holx 50% = ol Fdsm 3

214 QRS complex H &AM« 2 ol uhaba
olw #}Ho] 50%0]d 2FEL Uehd A¥= 1
o aVL Fx=ellA QS 5y o] 242} 49% 9 51. 0% &
Ueld Axolth 3 FEoA U 33 2HE
g7t 2t RYge] 28 E0] Hldte P9 BE
oEgE FI e v EEANRFEY [ fxolA
OR, QS 5t3lo) z+2} 39.8% 9 24.5%, I fr=°lA R,
QR 713 0] 26.5% 9 20.4%, aVR =M R, RS #%
o] 36.7%, 29.6%, aVF #xA QR, qR #&o] 2t
Z} 27.6%9} 21.4% 9 $HES 244 eI glof of
H FEolM 2HE0] 5 UBEAH AL o) F Ul
=d oz go] Ut} olYF L HAape B A7 22
Wl 2 2 Holstein F'l M &3 [ =AM S/}
50% 2 YeEbd Fatet 43g Aol & vERY i Yk
3 Schults’7} 1559 4o A EEAFETHE 2413
Adze 1, I, aVF F=01A RS 8o 2%
65%2 2dES Yl | FRAA SHE o] 3%
Yebd ddole @ 22 g vehl o Ak o) &
A3} aol QRS complex? ZF #¥ o] 2@ Eo] ¢}
Yoz B30 HAEE ZHG F571 Fo] &4
Foll A A2 2ol7l AU Aoz ARd. gebA
Aol A ¢ QRS complex?] #3L 4 FroA ¥ &
9 AW E7} st ojd frroA o= ol F
2 vehg Rolgn dgsride Be Eda oy
ol & Aeog HZE. 1Y FAG AP §F
& OSTH Yol REAFF o2 EFHS A9 [ izt
aVF #5& A A fxolAM & s3] 50% |42
Z2¥ES Y2 AU wEkd =39 QRS 93
T %, R T9Yoly} QS #9432 2 fxd webA g
#30] 10.1%N A4 33.3% 712 £@&o| 7o R &
sgol} QS FHYo] Y4Ho 2 thh Tgo] I A
oz Ayztdd

ORS complexol A Vel d 2t frxol A9 ¥z &
HES Ao et HEF A 7 M e 29
£9 g3o] v} AL & oo 1~20%7HA] chi
o} #HEo| Has 3 g}, o] 9fFo] I o Wl
g 73] 2UEL R A8e oby HE 5 A
o} A# el Zlel W& QRS complex #& ¥ 37}
o™ 9u|7}l Y& Aoz AZLEAE geh

ol A9 A7t obA A UAA ot 4 f5
ol T fX9 QRS complex? Fo] 532.8 #VE e}
W ASE AL RE M7t Aty oz AR
A % (low-voltage ECG)'*® 72 &a] 7 0. 5mV (500
V)olstz velston o3 718 e AYE veld A
€ aVF =9 362.8#Volt} ol8 g A3 Derot-



h'7} Holsteinol M B8 EEX G LA AAZ S
71&381A) ¢ Hu(4)-HA ()WL 71E35e A2
A& 0.646mV, FAXE —0.863mV7IAE R g A
B2 ol 2 el YA 1559 20 Schults®
7} R 3218 QRS complexd] A9 v EEAFTES aVL
FE(0.43ImV)E A AFEAA 0.5mVe] oz
veld ey [H59 1.2656mV7} 713 & A9je
vehg, 2 d3Fdae g2 0] & el AU
olgi gt o) 7} FFZ v A F9 A7) WEUA HA
w9 ZHo) EA7L AME=AE ¢ 5 (A 18y @
S0 oiM e AHx FYFAA M Z HAYE Y
Ehlli= QRS complex?] AW Fo] WY& UehlEg
A, AR AE 2N Aag F e dAv1Fod d
F& £ AddolA Ao AAE W #e 2§
E37108 AE 7} af§ o2l duvt Ech £
FoA ) ol @ Aty QS oy REZHFH A
5 oAl ARz A=A @t

ORS complex®] 2} frxollA 743 2HEC] %D
gygo e Ae 2HEC] hREE 50% °l3t2 Y
o dgHRo g &3V E I oy R0 UL
Ao AZdd. gt FEAFEAA &8 5] 49%
}51%2 7H B4 Jeidd [ f29 aVl =9 Q-
S stEe) AYE —574.1+255.2 .V} —463.8+183. 6 ¢
VE el 919 e, Holstein' ol A& QSAH7} 43,
7%9 [F %9 aVF F =X —0.422mV e} —0. 270mV
g 181 [ {=9% aVL fxolAE —0.33ImV e - 0.
254mVE 3L A9 E R 3 R AolA
T dolME HaA 2HE0 ¥& F, 48.0%, 53
1%, 34.7%% #88% 7H3 I, aVR ¥ aVF fr=9
A 742} 451.14204. 2V, 387.6£175.8 4V 2 299,3+
146.5Ve RS Y2 9oy, Holstein' ol A
£ [0, aVR ¥ aVF f=°1 A 0.203mV, 0.241mV, 0.
226mVel ¥ A E Budgch olggo] g9 Q-
RS complex®] 2+ 313 9} A $]7} Holsteinoll ¥)8te] &
& gdlo] FF 9 oA e Yo AeAe ¢
4 g}

d&o] Z71go] @2t QRS complex 33 <] H $ o
B Hste [FE9 DREAAM F23 gt {9
A S3= 2ol & YERN L glo] A& ol F75tel met Y
B frdAes A7t EsE s deS ¢+ Adh
23 QRS complex?] o] it Aot AR
g} A¢e] Wisle)] W ROE o} x| £3Qh

T AAe AEF g YASE T 33
3 2HEoA el Yol 50%014e] FHES
Bz gl en B3] 80%0l 4] 2dEL Vel A

oz fedM APl 827%E VeI H ¢
olt}. o] & A AL Deroth' 7 gt A7} # o F4}
oy aVR S5 A S43% Ta7}46.9%, % - &
Aol H.4%2 FHEo] Vel R A thA9] Aol
g vepdlen Schultz’7 B g 1, I, M, aVF #%
o A] A Ho), aVR SN A S48 o) 2z 100% 9]
298 2213 aVL REGNA T & - F o3&l 53%
2 714 ®ol 29 Yobe Aok 433 ztolE e
Wz Ak oty zto)= Pool| A ¢} w3k A 2
EF 2 AFY AY FAMYE 2 F5o o
o]z AWzhgc,

Aol W 7z Fhe Wale 7 Fo Ao £ E0)
=Y A AN HoE FHE0] AW HYo] o
A& Ao, d#Fo] Frgdl et 28 &) =%
| 859 2 Fo] tlA F7Mele A3 Ko
I fFxdMeE ta F4se 38e, 1 F=dXe2
Tol A o 3 2HES YR 2 AT Al
e ¥y 2850 Hald g ole A7 d 80t 9l
o] Bl 7le oAU B A7 Ao dHel o
gt e 2 G0 A HHT e oz 44
"}

Tale] Aol digt Ao A 7HF 2380 52 o
o) d4¥E el 11, I, aVR, aVF %% I
FrEo] 256.5£157. 24 V7 M =& A E YEH
aVF §59] 165 7+91.9£V7} 7 3& A E ve
Ron, 24 Tode [ 5% aVl RN 244
~221.3+112.5#V, —173.6+86.7 # Ve A E eh)
i ek o)# § A2 Holsteinoll A Deroth! 7} B3
gAY THEF 713 5& A& aVF 29 0.
124mVol i 7} F& A= 0. BImVE Bag A
Hoe 58 A9 2 Yehl e Schults’7} 15F9) 4ol
A Bngtg & Tae A4E N/HE=9 0.618+0.
229mV, 7} ¢& Tahe] A9 0.280£0.100mVE B
2§ A B 2ol g el Yot ol & 3
olg FHFF fdo] A Aoz Aztdr

Tot 499 Al & Wl e F48 T
2880 ¥ [I, M, aVR, aVF fxoA e 17404
o} MYt 2T M E thh EA Y v 3 o 33
Ae [HEE AYstnes 58 3718 vehllon, &
A Toe] 28 Eol & [ FEANNE ddo] 7}
o wet @A g F7HE Jeloh aVL oA 2
oA ok ygtou 37 A @A FHE Ho|ln
Ak 284 [ F=NAY FA8 Toe 193 37
Apolo) A 9} 27 7 37 Atololl A p<0.059) Fo A AE
728 deplith o2 @ Azke ALY mazast ol



5y Paty QRS complex B8 3 nld7tA 2 4 § =
A A A7t A&o] F7Hgte] et gy o] Hejo ¥
37 A& AR E F AATh

ST segment M9 : 4T 2839 $U=2 46
AEFol Ald o 7129 4 E Jdell = ST #£4
o A e AN dRoA ERFo] 4AS a3
71 Aol Ao dhg FREAA AR Fo| A2y m2
o ST-J. & AA717E vl § o290 dubro s A1
o] ALo) QJojAe 71N oZ B +100# Ve A
ol FA7) EH @ Ao 484 o $&A
WEH G E 200 VAR A3 AT A o}
g e, EFAFEdME aVr FEE AQstne
3R 02 100 VA Aedte Aoz 284 .
Dozl BN HESIY B u B A7 AT A 1}
B 7H =2 A9 YeEl R Qe IHEE 28.3
+40.4 4V, aVr 1 EE -3.9+32.54VE 7P 3L A
HE vedio] 33 US AFE 5 AN
ST segment®] W3] Wt Lol A9 A8+ o3 H3}
A &g},

Aol @& ST 4ol & A9 ¥isles FFA
#x29 [, aVR f =& o] Z71gel we} ST-J.0
o4 AA(p<0.01) F7H8EA L, STM. & aVR /&
oA 214 (p<0.01)UA F713lH9 2., ST-E. ol A
© I, aVR =AM F94 d=(p<0.05)AdE F7F
g vepl 2 o] d#E o] F7HE] datA fEryol
el ST 249 A7t ¥ty n A& AFE + A
Aok E3F ST seg.9] Junction® Midline 22 22 End
Atelell & EEARTE 1, 1, aVR, aVF f=oA 2
29 f94 Qe ZHo] & (p<0.005~0.001) YJER 2
0] ST seg. 7F @ 9] Aol wetA 2ol 7t AL
AR £ AU

#-9-9} Holstein®] A AL 2ol 3§ T4 o
29 3o)7} AUANE Aoz AztE g Lo oA A
WEr7t gd A AFL 4 e A 7hgas 9
3t Ao A9 Aol §$-9 i L AP
Aol ol A JF L oA UL Aoz Y7}
gy 22y o942 AA R ol FFE Aol
ez A1} o] o} g X7 Wy
ATE® 4L Aged 2L AN E AAE7}
4 YA G F Ate AL pBHo ¥ Aoz
e,

4 £

YA F9o JAZE A7) 8t BF(H
T17.6 NEF)9 5 AT BEAFEE AFEY

4] 4 7] (computeded analysis electrocardiogram) 2 %3
gtk AATo) ofF dutFg e HAHFo] B
80.41:11.63] o]l o.v] A7 o} F7gtel wpat AE T
ARk Zrae AR AN AN Poho) AZhe P
70.1413. 5msec., T# 2] A} 7+ 97, 6 £ 16. 9msec,, PR
ZHA & 166. 7123, Imsec., QRS complex?] 7HA L& 79.7
+8. 8msec., QTc A& 395.5+30. 4msec., PR segme-
nt? ST segment] A} ZH-& 97. 9423, Smsec. 9} 173. 9+
40. 3msec. 2 2z}t Veldth, myoj} 2} sy 2@
T e vdelgon 2t ey o 2EE
o] & oy Wid Z 739 AHH(amplitudes)+= TF
43 go] eyt

1L PRl 2 Gl g2 g I, 1T, [ 5o
N eF FNYo 65.3%, 82.7%, 52.0%% EHES
VEFA T 2t 2 HEFHAAE 103.1147.84V, 115.2
+37.31V, 67.4+26.9#VE Y om aVL, aVF
S e FAH] 54.1%, 85.7%9) $HEL 7HA 1L
Z}z} 63.7423.0 4V, 88.01+83.6 Ve BUE e
o, aVR frEol e 2480 B.6%9 2857
—99.3+38.04VY A E et}

2. QRS complexs= | =& AT A FxolA A
A (low voltage) & YEIH 2™ 2HEo] & 7489
Badfe I, aVl fr=olA 2 QS o] 66. 3%,
70.4%9) 28 F 7 —502.4+258.2 4V, —428.6+195.1
#Ve AFANE, I, aVF Fxo X+ QR o) 42
39.8%, 27.6% % ¥ && /I3 -307.5+180.34V,
201.4+77. 24V —191.0186.6 £V, 211.4+109.0 4V
o] A9 E el m, [, aVR =)A= Rgo]
7} 48.0%, 53.1% % W &S 7FA 1 451.1+204. 2 ¢
V, 387.6+175.8 4Vl A E YepHTh

3. ToAM 2880 £ Y FaHde 1,
I, fr=ol M 242} 50.0%, 82.7% < 2d &8 7IA 1
214.94115.6 #V, 188.5+119,3#VE Yeld 1, aVR,
aVF f =0l A& 51.0%, 57.1%2) 28 &7} 191.0+93.
TV, 165,719,942V A E delon S48
I, aVL S =0l z+2} 66.3%, 72.5% ¢ 238 &%
—221.3+£112.51V, ~173.61£86. 74 Ve A E JE}
ok

4. ST segmentol] A& H2H A= AIF3/H= 1,
I, Il $5eM 4z ~12.2437.2¢V, 17.5+42.6 ¢
V, 26.31+40.4 ¢ Vol i &= HE2l aVR, aVL, aVF
Fed e —3.9+32.5#V, —15.9+35.6 2V, 26.2+
37.5 V& UEto},

#

3 |

Ao
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