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ABSTRACT

Background and Objectives -

It is known that ventricular fibrillation (VF) can be enhanced by sympathetic ac-

tivity and antagonized by vagal activity, and that the kinetics of electrical restitution is a key determinant of VF
induction or maintenance. However, little is known about the effects of autonomic stimulation on electrical
restitution. Therefore, we studied the effect of sympathetic (SS) and vagus nerve stimulation (VS) on the electrical
restitution and VF induction. Materials and Methods : A monophasic action potential (MAP) was simultaneously
recorded from the endocardium and epicardium of the left ventricle in 12 open chest canine hearts. The restitution
kinetics were studied using a single ventricular extra-stimuli (S,), following a 15 beat drive train (300 ms), down
to the effective refractory period (ERP). S,-MAPD was plotted against the preceding diastolic intervals, fitted to
exponential curves and the maximum restitution slope (S,,,.) measured. The VF threshold (VFT) was deter-
mined as the minimum current that would induce VF with rapid pacing (50 X 50 ms). Parameters were studied

at the baseline (control) and separately during VS and SS. Results :

SS increased the S,,,, of the endocardium

(1.14£0.37 vs. 0.80%0.25, p<0.001), but not that of the epicardium, and also increased the transmural dis-
persion of S, and decreased the VFT (1.8 1.3 mA vs. 3.4+ 1.6 mA, p<0.05), even without significant
shortening of the ERP, but VS had the opposite effects. There was a significant correlation between the endo-
cardial S, transmural dispersion of the S, and the VFT, respectively (r=-0.64, p<0.001 and r=-0.531,
p=0.003). Conclusion : The role of the autonomic nervous system in ventricular arrhythmogenesis is by means of
electrical restitution kinetics modulation. (Korean Circulation J 2005;35:539—546)
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Seoul, Korea)& ARE3dlo] Q13582 Al3gsldict &< vf
FHAIQ] enfluranes AR8-5to] X]d‘—aﬂi RS A
t}, &= )5 MOE arterial sheath(6F, USCI, USA)E
Il ST 5 IS 5% AL S 95
FEENeER #5225 “% ABEE =5

& ARAE dol 413 AT T 4 AES ek
7F arterial sheathZ ©]-83fo] &=
SHEAF ZHEZHMAP ™ monophasic action potential
catheter, EP Technologies, USA)E A U= AFdst
o Aetel by SFEAE Zokn, HZ2ET fms)
ol AISH FUTE AN FAA oSl By B

E ‘_1
Al oal thaby p:]—EX{?:}—O Aojal TR SREAHO}F 7|2

2 AZ=R(MAP™ epicardial probe, EP Technologies,

USA)E Abgstol Aol 24 A Hejute] U3l o
(o]

2ol HA=S AN IR TEAY NEE Q7]
7l R

e, S| et AXHE ARgSEleH, A
Be FAIBE7] S8l A5t Aejat Atolof ] Aol
A 2EAS 71 AefurelA Avtzeas 9l =&
A=ZE AFA=7](DTU 201, Bloom associates Limited,
UsA)el Azdsto] AEtxgS 7FssHl skaich et
Ao S SR 715 SAlol AEHE F8 A
o T BEAY SHEAE At s A A
Wutell IRAZT 3 A9 280] 7hsteR AlE 257
of sttt T SEAU A7z AY T2
(EP Technologies., Mountain View, Ca,, USA)E 53| Bi-
opac AcqKnowledge 3.5.7 ¥ _E;laﬂoﬂ 712 AAFsH
ik

nj5=4l7 9 AR o] A71F] A= S v
Qe A A7 -l =(bipolar) 52 FAR8IAL 417
=7](Biopac stimulator, STM100, Biopac Systems Inc
USA)E AMESe] 5V, 2,5 Hz= A=51S0Tt,

2ol

ney= 1 KHzZ 7]2s}1 E EﬂO]E]“ MP100 system(Bi-
opac Systems Inc,, Califonia, USA)°| 7|5 #7345ttt

AYE WA BE FHIE uRR o 7Rl A
=, z:g_l_o XN _é.;(']—&}__’ﬂ_ 1;]—/\1—/\4 i}Ex{%P_O_ )\]LHEI]-:{V_]- /\191111]-
oA sAlol 7SN 2&S Al T4 282
Hefdholl A 2899 289 7&5—2' 300 ms(S)=E 153] %
&3 5 3 T 27|AE(S,, 290 ms)S FoloH, A%
Kog 52 153 2835 the SpE 280 ms, 270 ms, 260
ms £0=2 10 ms¥® FE0JA E-L7|(effective refractory
period, ERP)o| =& Wi7}x] & OP o B8V =g
T A 5 med) Z7PAIZEA 282 wEsigc, Hsjut
o] o] B4t Ti8, Aol e RO 5
Z&S AFYsiion, 7|23t EE A9 (action potential) 2
S22] MAPD(monophasic action potential duration)< -
skSickFig. 1).

71A Aol A S Sdo] B AN AE 52 w4l
= At o R A55HA] ’SXJEQP dore] HskE
Ao, 714 Adel e A
A FAEES AlRYSHEA & :
X}JO] 2ub Adeet ?ﬂ?ﬁol AR BE 5 ok

A A= AlFskglon, e AduA oA AEAIEAL

—:H A FARIE AlFstelth el 7152 Ad
BE =ol7] $lall, 2z TAlA Has 20% ol o w
AB7t 7185 = A ERIgE & AT E 7|5, AAsloh



Geu—Ru Hong, et al : Autonomic Nervous System in Ventricular Fibrillation 541

DCL=300 ms
S S
Endocardium
| - I |
Stimulation mark @ APDen DI
Epicardium
APDep

S2

| L
@ APDI APD2

DOG8-1300/190 3 sec

1sec

@ 47

Fig. 1. Measurement of APDyy and DI during S1-S2 pacing at epicardium and endocardium. APD: action potential duration, DI: diastolic

interval, DCL: drive cycle length.
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== Z‘jwe-ro A71E S I 2] (ventricular fib-
rillation threshold: VFT)& 3}th AAAEo] G242 2
£ Ventritex HVS—02 defibrillatorg ©]-8-3}] A|AlE3}
STk oF 20831 O T B A A 3

Byl 27t Jadn viealde At 2w
o8 AANE fEAAE ARSI A8 AT 5 4
AN 9] X Bz E A 85It
AR

1AV, w7 W oA A skl Eere)
WSS ZAstlnt At Alejute] E-8719} s, A

212l 90% )=

interval: DI)& ¥

ZHAPDgo) 2} A8fsl= 3417|717 Hdiastolic

WA Aol A 258 Folr] 9
3104, Visual basic program< ©|-83}o] XA 7jEkst L2
IHE ofsto] SN (Fig. 1), Zad1e] A=A
(restitution curve)2 APDgd} 1 549 A9 DIgh
AFole] AR Origin 5.0(Microcal Software, Inc., Nor-
thamton, MA, USA)& o|-88to] 28ttt 2} /el Al
o) X224l 7]127](maximal restitution slope: Spmax)

L sigmoidal fitting7]52 ©0]83te] o} FAlogE =3
skeict

APD=a-+b/{1+exp[—(DI—c)/d]}*"

SHIA=

HE A&y AL BT EFUAR HAGNACH, B
AA 2= SPSS EA =2 1 (SPSS for windows, ver, 10)
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Table 1. Hemodynamic changes during autonomic stimulation

Baseline VS SS
Systolic BP, mmHg 160£30 141£29" 188 +43"
Heart rate, bpm 133+34 181 £20" 160+ 34"

Data are mean£SD. *: p<0.01 vs. baseline. BP: blood pressure,
bpm: beat per minute, VS: vagal stimulation, SS: sympathetic sti-
mulation

Sk A frelx|ete] AL Pearson's cor-
relationg o] &sFFtt PZFo] 0.05 o|skel AS EA % 9]

Ro4o] gl ROz Wit

MMHRFO| M2 2571| 2Q U Ne5L| o}

& 120129 AolA ZIA RISt A Al
B AFA $57) WY L AL
(Table 1),

7R FENA Y] 57 Eb2 163430 mmHg RO, 4
AR A5 Al wF7] Eetol 189+43 mmHgR FAA
o= FofstA S7HekRom(p<0.001), HIFAE A=Al
L 141429 mmHg® 8954 7H45}9thp<0.001). AlEk
Ew 7)A AFE o)A 133+ 343/ Ho|u; AAAAA A=
Aol 160+ 343/ 02 frofstA S718H S (p<0.001),

n|E=A7 A=Al 814£203)/ 208 [oJskA| skl
(p<0.001).
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A7 A= Al Aejatol A AR fFARESV|E 7
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153+17 msZ 7|AAE| Q] GaE-S7] 149117 ms, 158+
13 msoll B8] BaBkRo BARCE el Aol ¢
Ak, AEst HeletE Afole] §E-S7] HAKERP tra-
nsmural dispersion)2 7]# AEjolA= 14 +12 ms, v|F
A7 AT Alofl= 17+11 ms, AAAZ A2 Alo= 16+
11 msE EAAOCRE {93t Afo|= Q19 tHTable 2).

QHH Aol A 5783 APDgo = 7] Aol Bl wit
A7 A= Al 74~(187.83+£20.5 ms vs, 194,9+20.4 ms,

Table 2. Change of ERP, APDyy, APDR slope and VF threshold

during baseline state and autonomic stimulation

Baseline VS SS

ERP, msec

Endocardium 149+ 17 157£15" 142+ 141

Epicardium 158+ 13 169+127F 153+ 171

Dispersion 14£12 17£11 1611
APDyo, msec

Endocardium 194.9+20.4 194.51+16.9 187.3%£20.5%

Epicardium  179.5£25.1 188.1+17.8* 175.8+16.31
APDR slope

Endocardium  0.80%£0.25 0.40+0.09% 1.14+0.377

Epicardium 0.55£0.23 0.45%0.23 0.43£0.18

Dispersion 0.41+0.26 0.22£0.19 0.76 £0.41*"
VFT, mA 34%+1.6 5.0£2.3* 1.8+t1.3*

Data are mean+SD. *: p<0.05, T: p<0.01, F: p<0.001 vs basal.
§: p<0.05, Il - p<0.01, [ p<0.001 vs VS. ERP: effective refractory
period, APDyy: action potential duration at 90% repolarization at
300 ms of drive cycle length, VFT: ventricular fibrillation thres-
hold, APDR! action potential duration restitution, VS: vagal stimul-
ation, SS: sympathetic stimulation

p=0.056)3H0} BAROR ol Kol gloly, mlFAl
7 A= Al HskE 3 = QIItH194.5+16.9 ms vs,
194.9420.4 ms, p=NS). ¥hd AejatolA] ZA3k APDy
T WAl A= Aol 71 E o Bls #assley, F
Aoz o5t 2jol= QIQIrH175.8416.3 ms vs, 179.5
£25.1 ms, p=NS), SHAFF u|FA1% A= Al APDgo
1] APDy} HEE U SolalA Zrkskao
(188,1+17.8 ms vs, 179.5+25.1 ms, p<0.05), WZAIAA}
= A9] APDy T} Hlwste] FAHoR §oJ3t fols it
g 4 Q1QIEH188,1+17.8 ms vs, 175.8+16,3 ms, p<0,001)
(Table 2).

—~

AEMEA=C) ME APDR slopel Hist

APDgo T} 71 B57A9] 239 DIgh Ate]o] IAE =43t
34 YeRdH APD restitution curveoA Rt 7171 (Smax)
© AlEelA SARES ), w54l A=Al 7R oll H]
3l G-oJ5HA 734(0,49+0.16 vs, 0.80+0.25, p<0.001)3}
AL, A AFAlolE rolsHAl S7Fsklth1.14+0.37
vs, 0,80+0,25, p<0.001), o]—X]H} APDR sloped A9t
oA SRS di= w54 A Al Snw?t 0.45+0,23,
WA A= Aol 0,48+0.18% T 74 AJEHO] Sl
0,550,230 3} Slolgle Apol7t Gigiet. Alsletst 4
2te] APDR EAHAPDR transmural dispersion)< 7] 4]
geell Bl Wil A= Al F2lsHAl S7F8H (0,76
+0.41 vs, 0,414+0,26, p<0,05), "|FAIZ A= A] APDR
BAR T HA5HA S718FATH0.76 £0.41 vs, 0,22+0.19,

Endocardium
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Stimulation

DOG7 4.5 mA SS VF+

Endocardium
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DOG7 9.9 mANo VF 2.5 Hz VS

Fig. 2. Representative example of induc-tion of ventricular fibrillation (VF) during sympathetic stimulation (A) and vagal sti-mulation (B). VF
induced at strength of 4.5 mA during sympathetic stimulation, however, during vagal stimulation, VF was not induced despite of higher
stimulus strength (9.9 mA). This suggests increased ventricular fibrillation threshold during vagal stimulation. BP: blood pressure.
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p<0.01), SHAIRE, TIFAH A5 A APDR HARS 744}
gl Hls) hastgort BAHOR fold Kol gigith
(0.41£0.26 vs, 0.22+0.19, p=NS)(Table 2)(Fig. 2).
AANS SIAISt APDR slope®] HRE

T Aol ofst AAAES BE Aok guEg]

]
oul, AUE T RE A50] Welsow egH Y, A
A A= ZIAEOlA 8.4£1.6 mAR oL, T
FAA A A 5.0+2.3 mAR o5 71810 (pd
Table 3. Correlation between ERP, APD and APDR slope and VFT

ERP APD APDR slope

Endo Epi Disp Endo Endo
VFT 0.344 0.466 0.366 -0.160 -0.083 -0.640 -0.217 -0.531
p 0.005 0.000 0.047 0.424 0.661 0.000 0.258 0.000

ERP: effective refractory period, APD: action potential duration,
APDR! action potential duration restitution, VFT: ventricular fibr-
illation threshold

Epi Epi Disp

msec
200
°
< 150+
A Baoseline
B A
H VS
° ® s
L]
100 T T T T T T T
—40 -20 0 20 40 60 80 100
DI, msec

Fig. 3. Representative example of APD restitution slope during
autonomic stimulation. APDgy’ action potential duration at 90%
repolarization, DI diastolic interval, VS: vagal stimulation, SS: sym-
pathetic stimulation, APD: action potential duration, DI: diastolic
interval, VS vagal stimulation, SS: sympathetic stimulation, DCL:

0.05), 44 AAFH A= Al AAAls L= Bt 1.8
+1.3 mAR FOJ5HA 7HAsFITHp<0.05)(Fig. 2). AWt

oA %73t APDR curve®] Z{th7]&7](Sma) 2t HAAE
FEAR|Afole) en|Ql= AEAI(r=-0.640, p=0.000)7}
=YL oH(Fig, 3), ofgh Aol HeldolA 5
P wjs )R] 9krhr=-0.22, p=NS), APDR 24k
AAAE g RIAfolo e Fofgt AHaA| 7t EHakE
ItHr= —0.531, p=0.000 )(Table 3)(Fig. 4).
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Fig. 4. Correlation of ventricular fibrillation threshold (VFT) with APDR slope of endocardium (left), epicardium (mid) and it’s dispersion

(right). APDRS: action potential duration restitution.
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