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Effect of local radiofrequency denervation on ventricular effective refractory period and
ventricular arrhythmia susceptibility after acute myocardial infarction

LIU Peng” , WANG Hao”, HUANG Ying, LIAO De-ning"
Department of Cardiology, Changzheng Hospital, Second Military Medical University, Shanghai 200003, China

[Abstract] Objective To introduce a new method of local denervation by ablation and to observe its effect on ventricular
effective refractory periods and ventricular arrhythmia susceptibility after acute myocardial infarction. Methods Eighteen
mongrel dogs were used to make myocardial infarction model by ligation of the 1 diagonal artery. Then local denervation was
achieved by using six radiofrequency ablations (each at 8 W for 2 min) along the left anterior descending artery. Effective
refractory periods were tested at six sites on the left ventricular epicardium (above, in and below the infarction areas, 2 sites
each area) before and after local denervation by S1S2 stimulation. Ventricular arrhythmia was also induced after myocardial
infarction and after denervation by burst pacing, and the number of arrhythmia episodes was recorded. Results The effective
refractory periods were significantly prolonged after ablation ([191.3=+24. 9] ms vs [209. 0427, 2] ms, P<C0. 05). And the
prolongation of effective refractory periods in infarcted area ([11.3=8. 8] ms) was significantly shorter than those in the other
2 areas ([23.2410.2] ms and [18.7+11.5] ms). After ablation, 8 of the 11 susceptible dogs were free of induced ventricular
arrhythmia. while 3 of them were still inducible by burst pacing. The induced ventricular arrhythmia rate was reduced from
61.1% (11/18) to 16.7 %(3/18) (P=0. 007). Conclusion The method in this study is promising for preventing ventricular
arrhythmia in patients with acute myocardial infarction receiving percutaneous coronary intervention.
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Autonomic nervous system plays an important ventions have been shown to protect against VF in
role in the genesis of life-threatening arrhythmias. canine model of sudden cardiac death™. Removal
Cellular mediators of this autonomic imbalance of the left stellate ganglion has been proven to be
probably contribute significantly to ventricular fi- the most effective intervention. As Billman men-
brillation ( VF). Over the last several years, a tioned previously, B-adrenoceptor blockade has
number of studies have focused on the role of ion been proven less effective than destruction of the
channel in inducing VF during myocardial ischemi- cardiac sympathetic nerves, which protect less sus-
a. Data have suggested that alterations in ion chan- tained canine'".
nel activity are responsible for VF induced by myo- Sympathetic nerve system increases the calci-
cardial ischemia™*. Several anti-adrenergic inter- um current by releasing sympathetic transmitter
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and activating Bz-adrenoceptor, without altering
calcium reuptake by the sarcoplasmic reticulum.
The resultant elevation in intracellular calcium
could provoke oscillations in membrane potential,
which could trigger arrhythmias. Thus, in the dis-
eased heart, B:-adrenoceptor activation tends to re-
duce the cardiac electrical stability and increase the
propensity for the genesis of malignant arrhythmi-
as. Activation of potassium ATP (Kare) channels
during acute myocardial ischemia has also been
found to be arrhythmogenic by shortening ventricu-
lar repolarization and refractoriness™” " .
Sympathetic nerves go along the left anterior
descending artery (LLAD), and transmural left ven-
tricular myocardial infarction in patients and dogs
produces sympathetic and vagal denervation in via-
ble myocardium apical to the infracted area .
Sympathetic nerves mainly spread in the epicardium
while vagal nerves mainly in the endocardium. We
conjectured that direct modulation of local sympa-
thetic nerves have impact on the electrical charac-

ters and contribute to the treatment of ventricular

arrhythmia after acute myocardial infarction.

1 Materials and methods

1.1 Animals and equipments FEighteen mongrel
dogs weighing 12-15 kg were used in this study.
The animal procedures were approved by the Ani-
mal Care and Use Committee of Second Military
Medical University. All the experiments were per-
formed under general anesthesia with 3% pento-
barbital sodium (30 mg/kg iv, and the animals
were mechanically ventilated. Adequacy of anes-
thesia was assessed by toe pinch and palpebral re-
flex. Additional anesthetics were given when nec-
essary to maintain anesthesia throughout the ex-
periment. Dogs were ventilated with room air via a
cuffed endotracheal tube using a constant volume-
cycled respirator. The right femoral vein and artery

were cannulated to infuse normal saline (100-200

mL/h) for replenishing body fluid loss. Electrocar-
diogram (ECG) was monitored through a multi-
channel

electrophysiological —amplifier

TOP2001 (Hongtong Biology Technology Compa-

system

ny, Shanghai, China). The chest of animals was

th

then opened through the 4™ intercostal and the per-
icardium was opened and sewn to chest wall to ex-
pose and cradle the heart. Monophasic action po-
tentials were recorded by multichannel electrophys-
iological amplifier system BL-420 (Taimeng Biolo-
gy Technology Company, Chengdu, China) with a
detector sewn to the apex.

1.2 Animal model of myocardial infarction The
first diagonal artery was dissected longitudinally
with glass needle and then ligated by 4-0 prolene
suture at the origin from LAD; then waited until
the ischemic part turned dark red so as to make
sure that the ligation was successful. ECG was re-
corded and analyzed continuously before and after
myocardial infarction. To achieve a stable status,
we gave the animals a 90 min-pause to make sure
the ECG was unchangeable before moving to the
next step.

1.3 Local denervation by radiofrequency To a-
chieve left ventricular denervation, radiofrequency
was applied along the LAD artery because sympa-
thetic nerves go along the LAD and then spread
through the epicardium to myocardium. Irrigated
radiofrequency catheter tip was placed on the left
ventricular side, which was only 2 mm away from
LAD artery. Up to six ablations (each at 8 W for 2
min) were performed. Interventions were delivered
from the LAD artery bifurcation to the apex and
placed longitudinally. Catheter tip impedance and
temperature were constantly monitored. ECG was
also monitored to evaluate the potential myocardial
ischemic caused by LAD injury.

1.4 Measurement site selection and measuring ef-
fective refractory periods (ERPs) Estimation of is-
chemic area was made before the first diagonal ar-
tery occlusion (described previously). Six sites
were chosen for ventricular ERP measurements.

As a result, two sites corresponded to the locations
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of plunge electrodes in the circumflex distribution
above the ischemic area (1 ¢cm away from LAD and
circumflex artery, 1 cm away from each other),
two corresponded to the 1% diagonal branch artery
in ischemic area (1 cm away from LAD and 1 cm a-
way from each other), and two corresponded to the
apex region below the ischemic area (1 cm away
from each other). ERP measurements were per-
formed at 90 min after the 1" diagonal branch ar-
tery myocardial infarction and 60 min after local
denervation by radiofrequency ablation. S1S2 pa-
cing was performed at each site by using eight drive
stimuli (S1) followed by an extra-stimulus (S2) at
twice threshold pacing current with a 2 ms pulse
duration. Pacing threshold was determined by
gradually decreasing the stimulus current intensity
during continuous ventricular pacing until loss of
consistent ventricular capture occurred and ranged
from 0.1 mA to 1.4 mA. Based on the findings of
our preliminary experiment, we chose 300 ms as
the drive-cycle length (S1), which could maintain
consistent capture without competition from the
basal heart rate for each animal. S2 was delivered
10 ms decrements starting from 300 ms until the
capture was lost, then it was delivered in 1 ms dec-
rements from 10 ms above the last one until ERP
was obtained (defined as the longest S1S2 interval
failing to yield a ventricular response). ERPs were
measured at the base line, after myocardial infarc-
tion and local denervation.
1.5 VT/VF induction Ventricular burst pacing
(50 beats) with progressively shorter coupling in-
tervals was used to elicit ventricular tachycardia
(VT)/VEFE. Sustained VT was defined as a stable
tachycardia with uniform QRS and MAP configura-
tion patterns that lasted more than 30 seconds and
required termination by overdrive pacing or by di-
rect current (DC) cardioversion.

1. 6 Statistical analysis Data was expressed as
r+s. ERP change was analyzed by paired student ¢
test. Arrhythmia incidences before and after local
denervation were analyzed by Fisher’s exact test.

P<C0. 05 was considered statistically significant.

2 Results

2.1 ERP change We compared ERPs before and
after radiofrequency ablation in all the six sites and
found that ERPs were significantly prolonged after
ablation ([191. 3+ 24. 9] ms vs [209. 0 £+ 27. 2]
ms, P<0. 05) (Fig 1). The average prolongation
was (17.7413.8) ms. As reported by previous re-
searchers, sympathetic nerve is affected in infarc-

ted area™,

To make sure whether there was any
difference in ERP prolongation among the sites
which were above, in and below the infarcted are-
as, we calculated the average ERPs of the two sites
above the infarcted area (REGION 1), two sites in
the area (REGION 2) and two sites below the area
(REGION 3). Then we calculated the difference
between these 3 areas (REGION 1, 2 and 3). Fi-
nally, we found that ERP prolongation ([ 11. 3+
8. 8] ms) in infarcted area (REGION 2) was sig-
nificantly smaller than those in the other 2 areas
(REGION 12.3) (P<0.05), but there was no sig-
nificant difference between REGION 1 and RE-
GION 3 ([23.2410.2] ms vs [18. 7£11. 5] ms,
P>0.05) (Fig 2).
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Fig 1 ERP prolongation after local denervation
The two action potential duration recordings were recorded at
the same site of one dog. The upper one showed ERP=180
ms (between the two black vertical lines) after myocardial in-
farction and before radiofrequency ablation, while the lower
one showed ERP=200 ms (between left black line and the
right small red stimulation spark) after radiofrequency abla-

tion. ERP: Effective refractory period

Eleven of the eighteen dogs were induced to

VF after infarction. After ablation, 8 of the 11
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susceptible dogs were free of induced ventricular
arrhythmia, while 3 of them were still inducible by
burst pacing. The rest 7 dogs in which arrhythmia
could not be induced before ablation were still re-
sistant to pacing induced arrhythmia. The induced
arrhythmia rates were different before and after the
ablation (61. 1%[11/18] vs 16.7 %[3/18], P=
0.007).
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Fig 2 ERP prolongation in different regions

ERP: Effective refractory period. ERP prolongation

([11.348.8] ms) in the infarcted area (REGION 2) was
significantly smaller than those in the other 2 areas (RE-
GION 1 [23.2410. 2] ms,REGION 3 [18. 7 11.5] ms).
" P<<0.05 vs REGION 2; n=18, 7=*ts

3 Discussion

Our experiment indicated that local denerva-
tion along LAD could prolong ERP and reduce ven-
tricular arrhythmia induction rate after myocardial
infarction. According to previous studies, high
sympathetic activity in chronic heart failure pa-
tients is associated with a poor prognosist®!', the
same is true for myocardial infarction. A target
which can influence the cardiac sympathetic activity
would be of great importance. So we tried to mod-
ulate sympathetic activity by directly targeting the
sympathetic nerves on epicardium.

We also found that prolongation in infarcted
area was smaller than those in the other two areas,
which might be due to the injury of local nerves and
impair of ion channel in the infarcted area. After

ablation, more sympathetic nerves were impaired in

areas above and below the infarcted area, and sym-
pathetic nerves were more evenly distributed in the
heart. In our experiment, the induced ventricular
arrhythmia rate was reduced from 61. 1% (11/18)
to 16.7 % (3/18) (P=0.007) after local denerva-
tion. The model of Moe et al.™' showed that a
random distribution of refractory periods with a
sufficiently large dispersion of refractoriness could
provide a substrate for reentrant arrhythmias. An
increase in the dispersion following coronary artery
ligation has been considered crucial to the develop-
rhythms in the ischemic

ment of reentrant

heart'?). Less premature beats were able to pene-
trate to areas of longer refractoriness before bloc-
king than earlier premature beats were able to pen-

3] Many studies have focused on ion chan-

etrate
nels and found that activation of channels during a-
cute myocardial ischemia is arrhythmogenic by
shortening ventricular repolarization and refractori-

14
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During the recovery phase of infarction,
several ion channels are still functional in the heal-
ing infarct border. Sympathetic nerves participate
in genesis of arrhythmia by Iy, channel induced cas-

2] Based on the extent of intracellu-

cade reaction
lar ATP depletion in ischemic ventricular myo-
cytes, various Kurp channel openers were found to
exert different degrees of activation in the outward
repolarizing current, this may result in nonuniform
shortening of ventricular action potential and re-
fractoriness in ischemic and nonischemic regions,
thereby increasing spatial dispersion of repolariza-
tion and subsequently facilitating initiation of con-
duction block and reentry. The reduced ventricular
arrhythmia rate may come from symmetrizing of
ERP.

Myocardial infarction patients have pretty high

incidence of ventricular arrhythmia despite of time-
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ly revascularization. Our method is the first to take
local sympathetic nerves as the core of treatment
target. As it is known to all, beta blockers are
widely used in clinical settings but are forbidden in
acute phase of myocardial infarction, so our meth-
od may be promising for preventing ventricular ar-
rhythmia in patients with acute myocardial infarc-
tion when receiving percutaneous coronary inter-
vention (PCI) revascularization. This method may
be used for preventing ventricular arrhythmia in
chronic myocardial infarction patients, especially
those with refractory arrhythmia after infarction;
further studies should be done to evaluate the effi-
cacy and safety of the method in chronic infarction
animal models and patients. In our study, we only
observed the acute effect of local denervation few
hours after myocardial infarction. Further study is
needed to answer what will happen in long term af-
ter local denervation.

Our studys casts new light on treatment of ar-
rhythmia after myocardial infarction. However,
the long-term safety should be taken into consider-
ation as vascular injury is inevitable when access
from coronary vein or coronary artery. Therefore,
further studies are warranted to evaluate the endo-
thelium injury and embolic risk during radiofre-
quency in vascular. Whether destroy of sympathet-
ic nerves can impair pump function is not tested in
our study, but according to Elvan study, a re-
sponse to infused norepinephrine was still present
when they measured at peri-infarct area after myo-
cardial infarction™, which means in the situation
of myocardial infarction, myocardial is denervated
but still responsible to circulative sympathetic

transmitter.

4 Conflict of interest

The authors declare that there is no conflict of

interest.

[ References |

[1] Volders P G. Novel insights into the role of the sympa-
thetic nervous system in cardiac arrhythmogenesis[J].
Heart Rhythm.2010.7:1900-1906.

[2] Gallacher D J,Van de Water A,van der Linde H, Her-
mans A N, Lu H R, Towart R, et al. In vivo mecha-
nisms precipitating torsades de pointes in a canine mod-
el of drug-induced long-QT1 syndrome[ ] ]. Cardiovasc
Res,2007,76.247-256.

[3] The Norwegian Multicenter Study Group. Timolol-in-
duced reduction in mortality and reinfarction in patients
surviving acute myocardial infarction [J]. N Engl J
Med,1981.304:801-807.

[4] Billman G E. A comprehensive review and analysis of
25 years of data from an in vivo canine model of sudden
cardiac death: implications for future anti-arrhythmic
drug development[J]. Pharmacol Ther,2006,111:808-
835.

[5] Chi L,Uprichard A C,Lucchesi B R. Profibrillatory ac-
tions of pinacidil in a conscious canine model of sudden
coronary death[ J]. ] Cardiovasc Pharmacol, 1990, 15:
452-464.

[6] Wilde A A,Janse M ]. Electrophysiological effects of
ATP sensitive potassium channel modulation: implica-
tions for arrhythmogenesis[]J]. Cardiovasc Res, 1994,
28:16-24.

[7] Elvan A.Zipes D P. Right ventricular infarction causes
heterogeneous autonomic denervation of the viable peri-
infarct area[ J]. Circulation,1998,97:484-492.

[8] Barber M J,Mueller T M, Henry D P,Felten S Y, Zipes
D P. Transmural myocardial infarction in the dog pro-
duces sympathectomy in noninfarcted myocardium[]J].
Circulation,1983,67:787-796.

[9] Cohn J N, Levine T B, Olivari M T, Garberg V., Lura
D,Francis G S, et al. Plasma norepinephrine as a guide
to prognosis in patients with chronic congestive heart
failure[ J]. N Engl J Med,1984,311.:819-823.

[10] Floras J S. Clinical aspects of sympathetic activation



S5 3L X ML AR SN R B 25 S8 R 2 0 JUURE BT R0 A IO 40 s R R B SRR £ R + 305 -

and parasympathetic withdrawal in heart failure[ J]. J cardial infarction period in the dog. 13. Correlation of
Am Coll Cardiol,1993,22:72A-84A. activation and refractory maps[J]. Circ Res, 1985,57:
[11] Moe G K,Rheinboldt W C, Abildskov J A. A computer 432-442.
model of atrial fibrilation[ J]. Am Heart J, 1964, 67; [147] Aidonidis I, Poyatzi A, Stamatiou G, Lymberi M, Sta-
200-220. matoyannis N, Molyvdas P A. Dose-related shortening
[12] Batsford W P, Cannom D S, Zaret B L. Relations be- of ventricular tachycardia cycle length after administra-
tween ventricular refractoriness and regional myocardi- tion of the Kurp channel opener bimakalim in a 4-day-
al blood flow after acute coronary occlusion[]J]. Am ] old chronic infarct anesthetized pig model[ J]. J Cardio-
Cardiol,1978,41:1083-1088. vasc Pharmacol Ther,2009.14.222-230.
[13] Gough W B,Mehra R, Restivo M, Zeiler R H, el-Sherif [Editor] XU Jia

N. Reentrant ventricular arrhythmias in the late myo-

HMEMBMELBRHENODINEREROCEANNARCRERE S RIE
B 2 M

AomeLE RS MLRETS

0 TEE KRR ER L NE, B 200003

CHEZE] & & R Pl a9 A G050 T g A7 05 350 25 5 A 28 1 7 3k L O U0 4 JFL b 0o U L 2 R R TR A0 B R R R R
BRI, F ik 18 AR R G5 LR B Ik 8 — o A S Sr 0 WU BB R A | 2 I W e bR 3 ik 2 Wi S 3 A0 1 BT R AT 6 A
SRR R T Rl (R A 8 WL 2 min) . BT SEEG S W A O LA BT IS R 2 G i B R 42 5 Bk S1S2 R O e e 0 =
FT 6 ALY FA BL Y] GO b X 38K O X 3 B O A R X R 4% 2 AN ERAL) AT A MR R OA R O R D SR IB AR
DEKFHE, £&% @RI GE)E, L0 ES T A LAY B FHLEK191. 3424, 9) ms vs (209. 0427, 2) ms,
P<20. 05, il 1l IX 3k A 250AS 07 B A8 < (9 B TRI [ (11, 348, 8) ms ] il X B LA 1 [(23. 2410, 2) ms] S il X3 LA F[(18. 7+
11.5) ms 8L (P<C0.05) JHAlAT 11 HEEFHE RS OERE MR T HME A 8 ARG H L OAKE,3 RIIaRE K OHR
DR EIE LR 61. 1% (11/18) FHEF] 16. 7% (3/18;P=0.007), £ ¥ ZRHFI8 7 A7 1 ol BEJ2 el /b 20 LB
FEAT 4 B b AR 2 kv 5 B OB R R A — AT AT

[kBR] CBEME; LW A S FHERA ;A RO = O AR F

[FEIZ%ES] R 331.38 [XHkFRFERD] A [XEHE] 0258-879X(2013)03-0300-06



