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The Tissue Damage due to Radiofrequency Energy in Bovine Skeletal Muscle

Yoon Nyun Kim, M.D., Kyung Ah Park, M.D., Kyung Mook Sin, M.D.,
Sung Wook Han, M.D,, Seung Ho Huh, M.D,,
Kee Sik Kim, M.D.,, Kwon Bae Kim, M.D.
Division of Cardiology, Department of Internal Medicine Keimyung University, Taege, Korea

Background : Radiofrequency(RF) catheter ablation has rapidly emerged as the treatment
of choice for symptomatic reentrant arrythmia associated with accessory pathway or atrioventri-
cular node conduction. Rarely RF catheter ablation therapy can produce the cardiac perforation,
ventricular function insufficiency and arrythmia. So, the purpose of this study was to determine
the correlation between the RF energy and muscle injury.

Methods : Bovine skeletal muscle was immersed in normal saline, and the entire chamber
was heated to 36~37C by water bath. The 4mm tip 7 Fr electrode catheter was placed horizonta-
Ily on the skeletal muscle surface without pressure. RF energy was delivered to tissue for the
pulse duration of 10, 20, 30, 40, 50, 60 seconds and voltage of 10, 15, 20, 25, 30, 35, 40, 45volt
and total 432 lesions were produced. Horizontal, vertical lesion diameters and depths were
measured, and the area and volume of lesion were calculated.

Results : Increasing voltage and duration of RF increased the horizontal and vertical diame-
ter, depth, area and volume of lesion(p<(0.0001). The RF pulse duration and voltages made
lesion below Smm depth were 45volt applied below 20seconds, 40volt applied below 25seconds,
35volt applied below 32seconds, 30volt applied below 38seconds, 25volt applied during any
duation of time.

Conclusion : So, for prevention of undesirable tissue damage, the adequate pulse duration
and voltage of RF must to be delivered to tissue.

KEY WORDS : Tissue damage - Radiofrequency energy.
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Table 1. Changes of horizontal lesion diameter(mm) after radiofrequency energy(p<{0.0001)

Vol \\time 10sec 20sec 30sec 40sec 50sec 60sec
10 0 0 0 0.28+ 0.83 0.72% 1.44
15 0.93+1.17 2.09% 1.44 3.37£0.65 3.81£0.79 3.6710.61 4.11+0.82
20 3.06% 0.53 3.67£0.75 4.56+ 0.63 5.17£0.43 4671 0.43 5.1410.93
25 3.71£0.72 4.74£0.59 5441048 5.79%t 0.46 5.47%0.68 6.22+ 0.67
30 4.39%+0.70 5.31%0.70 5.97+0.47 6.56% 0.68 6.19% 1.81 6.90% 0.75
35 4.81%+0.70 6.21+0.81 6.22+ 0.26 6.9810.75 6.78 % 0.91 7.20% 0.63
40 5461 0.72 . 6.4410.58 6.8710.36 7.171£0.50 7.39% 0.49 8.02+0.70
45 5.871+0.91 6.891£0.74 i 7.17£0.56 7.72+0.71 7.48+0.54 8.221+ 0.67
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Fig. 1. Changes of horizontal lesion diameter after after

radiofrequency energy.

15Volt : y=—4.1840 +4.8033Log(x) RZ=0949
20Volt 1 y= 0.29063+2.7690Log(x) R2=0.891
25Volt :y= 083372+29763Log(x) R2=0930
30Volt :y= 13517 +30720Log(x) R2=0941
35Volt : y= 21262 +28726Log(x) R?=0921
40Volt i y= 24440 +30129Log(x) RZ=0976
45Volt 1 y= 25240 +30234log(x) R?=0976
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Fig. 2. Changes of vertical lesion diameter after radiof-

requency energy.
15Volt : y=—29591+3.1572Log(x) RZ?=0959

20Volt : y=1.4830+29026Log(x) R2=0.946
25Volt :y= 1.9672+3.7622Llog(x) R2=0982
30Volt : y==24241+46012Log(x) R2=0970
35Volt : y=—2.1271+4.8008log(x) R2=0974
40Volt : y=—1.4865+4.7000Log(x) R2=0977

45Volt : y=—1.0698+4.8083Log(x) R?=0.989
BBAAE Log@sE YEld(Fig. 3).
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Table 2. Changes of vertical lesion diamter(mm) after radiofrequency energy(p<0.0001)

Volt\.time 10sec 20sec 30sec 40sec 50sec 60sec
10 0 0 0 0.28% 0.83 0.55+1.13
15 0.28%0.83 1.76 £ 1.15 3.59+2.29 3.07+0.79 3.13%£0.59 3.61%0.78
20 2.44+0.46 2.89+0.49 3.78%£0.74 4.00% 0.50 4.50%£0.75 4.224+0.90
25 2.76% 0.53 3.5310.86 4.53%+0.76 4.64%0.63 5141+ 0.74 5.39%0.82
30 3.34+0.88 4.18%£0.77 4.92+0.30 5.16£0.54 5.17%0.66 6.18%£ 1.00
35 3.71%0.80 4.72+0.71 5.29+ 0.51 6.1111.24 6.06+ 0.95 6.56% 0.92
40 5.50%0.66 5.0+ 0.57 5.76%0.58 6.06% 0.58 6.46% 0.41 6.83% 0.66
45 5.00£0.61 5.67%0.94 6.36£0.74 6.67£0.75 6.761 0.99 7.834%1.07
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Table 3. Changes of lesion depth(mm) after radiofrequency energy(p<<0.0001)

Volt\\time 10sec 20sec 30sec 40sec 50sec 60sec
10 0 0 0 0 0.11+0.33 0.28%0.67
15 0.11£0.33 1.14%0.77 1.90+ 0.64 2.31+0.67 2.11+0.70 2.64+0.37
20 1.42+0.47 2.92+0.67 2.73+ 0.88 3.39+ 0.61 3.67+0.71 3.38+0.75
25 1.87+ 0.44 2.87+0.59 3.36+0.74 4.98%0.62 4.42% 0.64 4.72+0.94
30 2.36+0.73 3.39%+ 0.74 4.06%0.85 5.20% 0.80 5.26% 0.97 5.94+0.95
35 2.72%0.75 4111055 479+ 0.55 5.83+0.61 5.70% 0.99 6.61%0.74
40 3.37£0.68 436+ 0.86 5.50%0.71 6.11%0.60 6.26% 0.66 7.11%0.74
45 2.78+0.71 5.17%0.50 5.92+ 0.82 6.78% 0.57 6.89% 0.78 7.63%0.99
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Fig. 3. Changes of lesion depth after radiofrequency

Fig. 4. Changes of lesion area after radiofrequency ene-

energy rgy
15Volt : y=—2.959143.1572Log(x) R2=0.959 15Volt : y=—13.293+14.103Log(x) R2=0912
20Volt : y=—1.4830+2.9025Log(x) R2=0946 20Volt : y=—11.581+16.660Log(x) R2=0957
25Volt : y= —1.9672+3A7622Log’(x); }R2=O‘982 25Volt : y=—14.678+22497Log(x) R?=0974
30Volt : y=—24241+46012Log(x) R2=0970 30Volt : y=—15.890+26.663Log(x) R2=0963
35Volt : y=—2.1271+4.8008Log(x) RZ=0974 35Volt : y=—14576+28.789Log(x) RZ=0.960
40Volt 1 y=—1.4865+4.7000tog(x) R2=0977 40Volt 1 y=—10811+28933Log(x) RZ=0964
45Volt 1 y=—1.0698+4.8083Log(x) - R2=0.989 45Volt 1 y=—6.0839+28792Log(x) RZ=0950
Table 4. Changes of area of lesion(mm?) after radiofrequency energy(p<0.0001)
Volt\.time 10sec 20sec 30sec 40sec 50sec 60sec
10 0 0 0 0 0.551 1.64 1441t 2.99
15 0.76+ 2.29 3.98+ 3.50 9.65%+ 6.33 9.50% 4.17 9.18% 2.90 12.02+ 4.31
20 5.60+2.18 8.42+ 2.50 13.68t£3.95 1627+ 2.75 16.641 3.79 1747t 552
25 8.28+ 3.29 13.4814.78 19.54% 4.36 21.27+ 4.29 22.18% 4,84 26.45%t 5.55
30 11.87+4.63 17.64+4.70 23.07+2.48 26.60t 4.28 27.72+9.32 33.92% 8.47
35 14.341+4.79 23.351 6.38 25.85+2.97 34.05% 10.91 32.67% 8.81 37.28% 7.40
40 19.46% 4.82 25.66% 5.10 31.131+ 4.54 34.19% 4.97 37.52+ 4.16 43.24*+ 7.19
45 23,331+ 6.18 30.941 7.51 35.96t 6.53 40.69% 7.78 39.761+ 7.20 47.84110.45
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Table 5. Changes of lesion(mm3) after radiofrequency energy(p<<0.0001)

Volt \time 10sec 20sec 30sec 40sec 50sec 60sec

10 0 0 0 0.36x 1.09 1.00+ 2.18

15 0.51% 1.53 391+t 377 11.64%f 6.97 1527% 946 12.92+ 5.89 21.29%+ 8.67

20 6.091% 4.04 12.40t 440 2538+t1295 36.85% 9.45 40.74+12.80 45.04%18.74

25 10.78%+ 6.10 26.39%12.89 43.15£11.74 60.92+t16.21 66.26F20.75 84.67%29.44

30 19.39+10.37 40.10% 1460 62.18£13.86 93.06% 23.03 3100.66* 40.82 137.51+ 48.15

35 26.87£13.88 64.93£23.20 82.19%10.42 185.10£53.97 127.86% 50.24 165.41+41.27

40 43.09%t11.68 73851 17.19 114.19%21.50 140.41+28.90 156.60% 23.14 206.33% 49.05

45 57.19112.90 105.87%23.77 142.84+36.74 184781+ 41.76 184.31+47.27 243.95% 66.45
300 e ANGER AUa, FRadglel 2Hd) =
B8 fiuste 249 EAo) $RE 4LV F 2
' S22 AT E Ao)5Ld AR H7)5E
o 2001 "ot H Azassel Yo oA WiFEH Az
£ e ECLEERELEEE EREEEEE R
£ —— 300t RS B FEAFOLRE Ao e 27
> 100 T ioe o= A7l AW Fa0l A3 2739 4¥aA
TN oz g n A} o] R A Y Agtay Bee)
AUAZ A% s glo] HdHoz Abgo] 7}

0 — ot 53

© 10 %0 50 w0 80 60 70 #7402l 04U LFATIE 08T 7|

Time(sec)

Fig. 5. Changes of lesion volume after radiofrequency
energy
10Volt : y==0.38133+1.7317e?x R2=0643
15Volt : y=—2.5327 +0.38446x R2=0.897
20Volt : y=—1.3740 +083211x R?=0961

25Volt : y=—2.0213 +14488x R?=0987
30Volt : y=—48047 +22942x  R?=0984
35Volt : y= 69573 +2.6695x  R2=0946
40Voltty= 13345 +31162x  R?=0985
45Volt 1 y= 32051 +34602x RZ=0963
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