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ABSTRACT

Background and Objectives : The effects of artificial obstacles on the dynamics of ventricular fibrillation have been ex-
tensively investigated with an electrical mapping system. This study was performed to assess the influence of transmural
obstacles on the dynamics of wavefronts, and determine whether these can convert ventricular fibrillation to ventricular
tachycardia by stabilizing the wavefronts in the fibrillating right ventricular tissues of pigs, using an optical mapping
system. Materials and Methods : The right ventricles of pigs (n=15) were excised and placed in a tissue perfusion system,
with the epicardium facing up. Holes, with increasing sizes, from 2 to 8 mm in diameter, were created using a skin
biopsy punch. Another 8 mm sized hole was then made adjacent to the first, and the changes in the wavefront dynamics
and cycle length of the optical action potential waves investigated. Results : In 14 of the 20 obstacles, in ten tissues, trans-
ient attachment of electrical activities along the rim of obstacles and transient rotation of the wavefronts were observed.
During baseline ventricular fibrillation, the fibrillation cycle length was 118.5+24.7 msec, which was increased to 135.4*
30.2 msec after creation of the first hole, and to 159.4+47.7 msec after the second (p=0.01). There was a positive correla-
tion between the obstacle size and cycle length (r=0.43, p=0.007). In three tissues, conversion to ventricular tachycardia
from ventricular fibrillation was observed after creation of the two holes. Conclusion : Obstacles of an appropriate size
had anti-fibrillatory effects in tissues with ventricular fibrillation, which was partly explained by the temporary attach-
ment of wavefronts to the obstacles. (Korean Circulation J 2005;35:183-191)

KEY WORDS : Ventricular fibrillation ; Optical mapping ; Wavebreak.
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Fig. 1. Schematic presentation of the optical mapping system.
Oxygenated and heated Tyrode solution perfuses the tissue thro-
ugh a 5 French catheter cannulated to the right coronary artery.
Two tungsten halogen lamps are used as light sources. CCD co-
mera (Dalsa Inc., Waterloo, Canada) grabs the fluorescent sig-
nals from the tissue and these signals are analyzed- using the
LabVIEW program (version 6.0, National Instrument, Austin, Texas,
USA).
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Fig. 2. Baseline optical mapping images and optical fluorescent signals. In optical mapping images (Ieft), red represents depolarization
and blue, repolarization. Four markers (+ - - *) in left panel denote the sites where optical fluorescent signals were obtained. An optical
fluorescent signal obtained at each marker is displayed in right panel (left-top, right-bottom). A: this tissue shows ventricular fibrillation
just after the perfusion of oxygenated and heated tyrode solution. Multiple wavefronts (1—3) are shown in left panel and fibrillatory waves
inright panel. B: this tissue shows idioventricular rhythm. Single large wave front is shown in left panel and slow regular rhythm in right panel.
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Fig. 3. Optical mapping images after the creation of an obstacle. Location of the hole in optical mapping images is the same as in an
original picture. A: original picture of the fissue with an 8 mm hole (white circle). B: a large wavefront comes from the right side of the
hole. C: during repolarization, there is no fluorescent activity around the hole.
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Fig. 4. Aftachment of the electrical activities around an obstacle.
After the passage of a large wavefront, there is an attachment
of optical fluorescent signals (white arrow) along the rim of an 8
mm hole (white circle).
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Fig. 5. Two holes and single attachment. After the passage of two
wavefronts (1, 2), attachment of opftical signals is noted only at
the upper hole (white arrow). ms: miliseconds. *: artifact just be-
low the lower hole.

IR G2 Ty ey
HE3 PS4 5 AR 107)] 24 BE A9y
FE AZPEA 2 AAAEo) BskckFie. 24). A
(0]

9] S8 AFBAARE F Ao FolBr BED nE
P P WA Hit 3080) Ale] 2asigieh 44
SR 3 2Ao Al 4% Eapid pa-

=
cing) 2 HAAES fFE=siou, AaAlEol fFAIEA &



Bo Young Joung, et al : The Dynamics of Ventricular Fibrillation 187

obA AelS AT 4= YISUch(Fig. 2B). 2 ahdo] ool F91E sk B--(Fig. 6, N
NS0 S Zzke) 2ol 7H T AMe] GofE  golold B 4 den ofdl B 1~23le] 23

= WEol F 20719 AollEEol sl shde] Wsks AA]L B @gelaL, ohe shH SE(Fig. 6)°] 2sfiAl

Sk s e GofRoIAE gopER T B T EE AU, T) SHniEe] wE £AE,

o] o|F ks e 4= {IHFig. 3). thE 14719 %

ool A= ahdo] AUt & 9] 2A]o] B AR=SE A B2 3| HE F 2y TT 72 By

HolHE ol FHoIN W BHES WHT 5 AU ohEol gh Aol ek 2y Asime] B 714

tl(Fig. 4, 5), deloAE 6 mm =7]9] AofEoA] o]t 71 118,5+24.7 msec¥al 2 mm¥FE 8 mm7HA] 2 mm

B B S, ol BT 8 el (A0 43 Avigel 21 Sl e el 7

ool A vEbdth ey 9 Bee vzﬁ“ﬂ ZAo] HE = Hekd=dl 714 5719k BlastlS Wl 2 mm(118.2+

=25 Aol At Ao oA TEEI o]E5t= 3 25.6 msec) Y 4 mm(121.6+25.1 msec)37|2] AofE-S Tk

eSS o A5 FETHIS SUIL o £ Sl el A715] S7F GOSN 6 mniz6, 7

At 26.8 msec, p=0.01, vs, baseline) W 8 mm(135.4+30.4

5.5ms 6.4 ms 7.8 ms

Fig. 6. Transient rotation of the wavefront around an obstacle. A large wavefront (1) approaches (0 ms) to the hole (8 mm, white circle)
and rotates around it (3.7, 4.6, 5.5 ms) . Collision (6.4 ms) with another wavefront (2) terminates the rotation (7.8 ms). ms: milliseconds.

Oms 1.8 ms 4.1 ms
5.1 ms 7.4 ms 12.1' ms 15.0 ms

Fig. 7. Rotation and attachment. Two 8 mm-sized holes are shown in the original picture of right ventricular tissue. Location of the two
holes () in optical mapping images is the same as in an original picture (left upper). As the one wavefront passes by (white arrow), the
other wavefront (gray arrow) attaches to the upper hole (0, 1.8, 4.1 ms) and rotates around it (5.1, 7.4, 12.1, 15.0 ms). Atftachment of a
wavefront is also seen along the rim of the lower hole. ms: milliseconds.
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Fig. 8. Changes of cycle length according fo the size of obstacles
in tissues with single obstacle (Spearman's correlation analysis) .
ms: milliseconds.

Table 1. Changes of cycle length before and after creation of
obstacles

Tissue Pre-obstacle CL Post-obstacle CL (msec)
No. (msec) 8 mm 8 mmx?2
1 105.5£1.0 142.5+1.0 220.0+13.5*
2 115.3£4.3 119.0+4.8 121.31+4.8
3 973122 114.0+0.8 147.8+0.8
4 103.0£2.0 123.0%+6.7 128.8+7.9
5 106.0£1.4 133.0+14.7 166.0£31.5
6 1140£7.0 121.0£9.5 127.0£8.4
7 1180£1.4 119.0£0.8 1323142
8 152.8£2.1 170.8+6.2 176.0£1.8*
9 175.5£3.0 206.8+5.6 262.3+1.5*
10 98.0+1.2 105.0+1.6 1120£1.0
All 118.5+24.7 135.4+30.4 159.4+47.7

x. conversion to ventricular tachycardia after 2 obstacles. CL: cy-
cle length

msec, p=0.02, vs, baseline) =7]2] AofjEo| theljx= &
3 ATt 719 folet S7PF HEEI dolEe 2
719} A eke] 7= FofRt ARHAE HATHr=0.43, p=
0.007, Fig, 8).
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Fig. 9. Changes of cycle length according to the number of obs-
tacles (paired t-test with Bonferroni correction) . ms: miliseconds.
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Fig. 10. Transition to ventricular tachycardia. After creation of two 8 mm-sized holes in tissue 8, irregular waves (upper panel) were chan-
ged fo regularly repeated pattern (lower panel).
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