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Cellular Electrophysiology of Fast Pathway Ablation of Rabbit

Atrioventricular Node

Discrete radiofrequency lesion at the atrial insertion site of the tendon of Todaro
in the perfused rabbit preparation lengthens A-H interval, mimicking fast pathway
input ablation. This study attempts to define the cellular electrophysiology of
the ablation region prior to and after the elimination of fast AV node conduction.
In six superfused rabbit AV node preparations, the cellular electrophysiology
around the region of the atrial insertion to the tendon of Todaro was recorded
using standard microelectrode technique prior to and after ablation. Before
ablation, the action potentials recorded in the area of proposed lesion were
exclusively from atrial or AN cells. At postablation, the superior margin of the
lesion was populated with atrial or AN cells. AN, N, or NH cells bordered the
lower part of the lesion. Electrophysiology of surviving cells at the edges of
the lesion showed no significant changes in their Via, APDso or APDg and
MDP from preablation values. Fast AV node pathway input ablation in the rabbit
heart can be accomplished with a singular lesion around the atrial insertion
site of the tendon of Todaro, involving atrial or AN cells. The results of the
studies imply that inputs to the compact node may act as a substrate for suc-
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cessful ablation of AV node reentry tachycardia.

Electrophysiology
INTRODUCTION
While attioventricular nodal reentry tachycardia

(AVNRT) is a common etiology in adult supraventricular
tachycardia (SVT), it is responsible for only 10 to 15%
in childhood SVT (1, 2). The advent of radiofrequency
ablation technique has led to an increased interest in
cotrelation of structure and function with respect to
atrioventticular node (AVN) conduction. Treating tachy-
catdia with radiofrequency ablation showed that ante-
grade AV node conduction is composed of fast and slow
components with specific anatomic locations within the
triangle of Koch. AVNRT would improve if eithet path-
way, the circuit of tachycardia, was destroyed. Radiofte-
quency energy delivered near the mouth of the cotonaty
sinus in triangle of Koch (posterior atrial input of the
AVN) has been shown to destroy slow antegrade AV
nodal conduction, thus eliminating the substrate respon-
sible for AVNRT (3, 4). However, detailed cellular elec-
trophysiologic data concerning ablation effects in specific
areas of the triangle of Koch using AV node tissue ate
not available. Interest in antegrade slow conduction has
also raised additional questions about other possible ana-
tomic regions of input to AVN. Combined motphologic
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and electrophysiological studies of the rabbit AVN by
Anderson et al. have shown that there are three separate
atrial input areas to AVN (antetior, middle, and poste-
tior) which can be anatomically defined (5). Furthermore,
they cotrelated these input areas with specific histologic
findings and cellular electrophysiologic parametets.
The purpose of this study is to investigate, using
ablation technique, the cellular electrophysiology of the
region of ablation prior to and after the elimination of
fast pathway input (anteriot approach) of antegrade AVN
conduction. We hypothesize that this specific attial input
atea makes a distinct predictable contribution to ante-
grade AVN conduction. Furthermore, modifying atrial
input will result in definable electrophysiologic effects
with cortesponding histologic and motphologic changes
to the AVN region. The contribution of this anatomic
input towards the physiology of antegrade conduction
will be quantified by using radiofrequency energy to
modify atrial inputs. Similatly, the exact insertion of this
input as they relate to the architecture of the post-
ablation AVN will be clarified. It is important to define
the relationships of the lesioned atrial input to the tran-
sitional open zone of the AVN, as well as the compact
node. This information may help solve the controversy
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as to whether slow and fast components of the circuit
of AVNRT exclusively involve transitional and compact
regions of the AVN, perinodal atrial tissues, ot both.

MATERIALS AND METHODS

The expetriment was conducted as follows: 1) AVN
tissue preparation 2) Definition of preablation extracel-
lular and intracellular AVN electrophysiology 3) Ablation
of fast pathway atrial input 4) Redefinition of post-
ablation AVN extracellular and intracellular electro-

physiology.
Tissue preparation

Adult New Zealand white rabbits, weighing 2.0-2.5
kg, were anesthetized with 60 mg/kg pentobarbital sodi-
um injected intravenously into a matginal ear vein along
with 1,000 Ulkg of heparin sulfate. The chest was
opened with mid-sternal incision and the heart was
removed and placed in cold modified Krebs buffer solu-
tion for dissection. The ventricle below the AV ring was
removed and the right attium was opened by making
an incision through the AV ring and along the margin
of the attrial appendage. A razot blade was used to trim
excess attial and ventticular myocardium away from the
mouth of the coronaty sinus and AVN structures. The
preparation was then placed, endocardial side up, in a
small Lucite superfusion bath. Modified Krebs solution
was composed of mmol/L: NaCl, 141; KCl, 2.6; MgSOy,
1.2; KH,POy, 1.2; HEPES, 10; dextrose, 11. The solu-
tion was saturated with 100% O, and warmed to 37 C,
supetfusing the tissue at a flow rate of 12 mL/min.

Extracellular electrophysiologic evaluation

Bipolar stimulus and recording electrodes were con-
structed respectively from 30 g (nominally 0.33 mm in
diameter) and 34 g (nominally 0.18 mm in diameter) of
teflon-coated silver wire (Cooner Wite, Chatsworth, CA,
US.A) tghtly twisted together. A stimulus electrode
was placed on the attial septum postetior to the foramen
ovalis. The atrial electrogram (AEG) electrode was placed
on the atrial septum immediately above the coronaty
sinus. The His electrogram (HEG) was recorded from the
A-V groove anterior to the coronaty sinus. Stimulation
pulses were produced by D/A pulses from a mictocom-
puter-based I/O board and Lab Windows software (AT-
MIO-64F-5, National Instruments, Austin, TX, U.S.A.).
In all the experiments, the basic cycle interval (S1-S1)
was 600 msec and the stimulus duration was 1 msec.
The stimulus amplitude was adjusted to 2X threshold.
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AVN recovety cutve was obtained by premature pacing
protocol. After 8 S1 pulses, a premature stimulus (S2)
was delivered. The premature interval was inidally decte-
mented by 20 msec at the longest coupling intervals. As
the premature coupling intervals became shotter the
decrements wete successively reduced to a minimum of
5 msec. Plots were made from recovery interval on X
axis and conduction time on Y axis. For AVN conduc-
tion, the A2-H2 interval was plotted vetsus the nodal
recovery (H1-A2). In this graph, minimum conduction
time (AHmn) was defined as the shortest conduction time
duting steady state pacing, and maximal conduction time
(AH,..) was the longest premature conduction time. In
most expetiments, all conduction times were measured
from the His electrogram.

Intracellular electrophysiologic evaluation

Cellular electrophysiology of each region was obtained
using standard microelectrode techniques. Glass capillaty
mictoelectrodes, having a tip resistance of 15-25 MQ,
were filled with 3M KCl. The mictoelectrodes were
inserted into different regions of the AVN. The micto-
electrodes were attached to the headstage of a negative
capacitance electrometer (World Precision Instrument,
KS-700) through an Ag-AgCl half-cell. An Ag-AgCl
half-cell reference electrode was placed in the flow side
of the bath. To identify and record the locations of
lesions, a gtid diagram was constructed. The amplified
transmembrane signal was monitored on an oscilloscope
and EVR-16 (Electronics for medicine, Ovetland Park,
KS, US.A). Data were digitized at 1 kHz and stored
on a microcomputer hard disk for later analysis. The
action potential records wete analyzed using a computer
program that determined the activation voltage, peak
overshoot and maximum diastolic potential (MDP). The
program then calculated the total amplitude (Amp) of
each action potential, maximum rate of rise of phase O
(Vima), and action potential dutration at 50% repolatiza-
tion (APDsg), and at 90% repolarization (APDgg). Vi
was calculated using a first difference approximation of
the first time differential (6). All other action potential
measuterments were matked on the computer screen and
visually verified.

Radiofrequency lesioning technique

After collecting the AVN recovery cutve, cellular elec-
trophysiology of each region was recorded. Preablation
cellular electrophysiology of each region was described as
atrial (A), transitional (AN), nodal (N) and low nodal
(NH) according to the location of the action potential
upstroke with respect of the AEG and HEG deflection.
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Because there was a rough continuum of action potential
characteristics from the atrial myocardium to the His
bundle, absolute action potential classification was dif-
ficult. The AN action potential upstroke occurred in the
first 12 msec of AH interval duting normal antegrade
conduction. The N action potential upstroke occurred
between 13 and 37 msec of the AH intetval. The NH
action potential upstroke occutred 38 msec or more after
the AEG deflection (7). A bipolar ablation electrode was
constructed from 36 g teflon coated platinum wite
(World Precision Instrument, Satrasota, FL, U.S.A.). The
teflon was temoved back approximately 300 ym from the
tip of this wite, and the bared wire was looped back on
itself with fine forceps. This tip was further smoothed
by using vety fine emery cloth, producing a pait of
smooth low resistance electrodes that can be attached to
a micromanipulator and moved actoss the atrial surface
without injuring the tissue. The intetelectrode separation
was approximately 200 pm. The electrogram from this
electrode was monitored and recorded in the bipolar
mode ptiot to ablation. A double-throw, double-pole
switch converted the electrode from recording to lesion-
ing mode by connecting one of the bipolar electrodes to
the output of a Radionics (Butlington, MA, U.S.A.) radi-
oftequency generator (REG-3A). Radioftequency lesion-
ing was petformed in the unipolar mode using a silver
wire electrode placed away from the tissue in the bath
and connected to the ground of the radiofrequency gen-
erator. Electrode resistance with this configuration is
typically 180-200 ©. A radiofrequency pulse of 1 watt
for 2 sec was used to produce lesions. For fast pathway
input ablation, lesioning was made at the attial insertion
site of the tendon of Todaro. The expected electrophysio-
logic end-point of this lesioning pattern is an increase in
A-H interval for approximately 50%.

After the end-point was achieved, a repeat extracellular
electrophysiologic evaluation was petformed. The repeat-
ed intracellular electrophysiologic evaluation on the via-
ble tissue margins of the lesion was recorded.
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Statistical analysis

Mean between groups was compared using ANOVA
for repeated measures with a Bonferroni adjustment and
when approptiate, Student’s t-test for paired obsetvation
was utilized (8). A p-value of less than 0.05 was consid-
ered significant.

RESULTS

Effects of fast pathway ablation on antegrade AV nodal
recovery curves

After fast pathway input ablation of six supetfused
rabbit AVN preparations, AH..;, incteased significantly
by 76.62% from 51.33+11.5 msec to 90.661+18.47
msec. But other parameters of AVN function did not
reveal significant changes (Table 1). The recovery curves
ptiot to and after fast pathway input ablation showed
three patterns as follows: Four preparations showed slow
conduction enhanced (Fig. 1A), 1 showed slow conduc-
tion unchanged (Fig. 1B), and the other showed slow
conduction truncated (Fig. 1C).

Effects of fast pathway ablation on Intracellular electro-
physiology of AV nodal region

Priot to ablation, the action potentials recorded in the
atea of the proposed lesion around the tendon of Todaro
were exclusively from atrial or AN (transitional) cells
(Fig. 2). After ablation, the supetior matgin of the lesion
was populated with cells whose electrophysiology cate-
gorized them as atrial or AN cell. The lower part of the
lesion was botdered by cells, which were characterized as
AN, N (nodal), NH (nodal-Hisian) (Fig. 3). The electro-
physiology of the sutviving cells at the edge of the lesion
showed no significant changes in theit Vi, APDso,
APDy, or MDP from preablation values (Table 2).

Table 1. Changes in extracellular electrophysiology of AVN prior to and after fast pathway ablation

c AHmin* AHmax A4 AH AVN ERP
ase
Preablation  Postablation Preablation  Postablation Preablation  Postablation Preablation Postablation
1 41 62 114 179 73 117 125 164
2 55 89 113 146 58 57 110 105
3 64 N 147 133 83 42 131 151
4 65 17 101 162 36 45 172 179
5 41 83 122 105 81 22 107 207
6 42 102 117 185 75 83 129 225
Total 51.33+11.50 90.67+18.47 119+1537 151.67£30.08 6767+£17.84 61£33.98 129+23.30 171.83*£42.61

A4 AH, difference between AHmin and AHmw; ERP, effective refractory period

*p<0.005 between pre and postablation
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Fig. 1. AVN antegrade recovery curves prior to (circle) and after (rectangle) radiofrequency ablation of middle input to AVN. The
basic cycle length in this experiment was 600 msec. Three figures show increased AHmn meaning modified fast conduction. A
shows slow conduction enhanced, B shows slow conduction unchanged, and C shows slow conduction truncated.
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Fig. 2. A grid diagram of the mouth of coronary sinus used for locating intracellular electrophysiologic characteristics. The asterisk
indicates the site at which radiofrequency ablation has resulted in the loss of fast conduction. The round area indicates proposed
area of lesion. Followings are action potential characteristics; A, atria; AN, atrionodal; N, nodal; NH, nodal-Hisian. Note that the
action potentials recorded in proposed ablation lesion include A or AN cells.
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Mouth of coronary sinus
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Fig. 3. A grid diagram of the mouth of coronary sinus used for locating intracellular electrophysiologic characteristics after
radiofrequency ablation. The gray colored area is an ablated lesion. Note that the surviving cells around the lesion include A,

AN, N, and NH cell.

Table 2. Changes in action potentials prior to and after fast pathway ablation

Amp Vimex APDgo APDg MDP

AN cell Preablation (intralesion) (n=24) 73+18 41122 52+7 113+36 556+14
Preablation (perilesion) (n=21) 7511 46127 47+£5 10030 58+10
Postablation (perilesion) (n=28) 71+13 39£19 4418 10026 58+13

N cell Preablation (n=14) 54+18 12+4 52+7 87t14 40+14
Postablation (n=19) 61+8 13£8 51%5 9113 5016

NH cell Preablation (n=20) 7018 2010 75*6 117126 49+12
Postablation (n-=21) 69+21 19+7 769 113x20 49+16

Intralesion: AN cell areas which will be ablated
Perilesion: AN cell areas which will be around the ablated lesion

DISCUSSION

Tawara first described anatomic and histologic struc-
tute of AVN, then Koch postulated that AVN was
located within the triangle of Koch, which was con-
sttucted with membranous septum and septal leafler of

tricuspid valve, with the compact node located at the
membranous septum (9). Further studies of electrical
activity of AVN using mictoelectrode technique demon-
strated that AVN consisted of three kinds of cells (10-
12). They were characterized as AN, N, and NH accord-
ing to their electrophysiologic activity. AN cells located
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between atrium and compact node had varying resting
potentials and upstroke action potentials from fast
upstroke like atrial fiber to slow upstroke like N cells
ot sinus nodal cells. NH cells located between compact
node and His bundle had high negative testing potentials
and fast upstroke action potentials.

Mendez and his colleagues hypothesized the existence
of dual atrioventricular nodal pathways to explain attio-
ventticular nodal echo complexes elicited in a rabbit
model (13). They postulated existence of an antegrade
slow conducting pathway with a shorter refractoty period
compated with a fast conducting pathway. Thus, prema-
ture impulses that were blocked in the fast pathway
could conduct over the slow pathway and subsequently
reenter the fast pathway to produce teturn impulses to
the atrium. In this model, selective ablation of either
pathway could prevent echo complexes ot tachycardia.
The advent of radiofrequency catheter ablation led to an
increased interest in correlation of structure and function
with respect to AVN conduction. Catheter ablation tech-
niques have illustrated that antegrade AVN conduction
is composed of fast and slow components with specific
anatomic locations within the triangle of Koch (3, 4).
Clinically, Lee et al. showed that radiofrequency lesion
placed in the atrium just caudal to the area where the
His bundle electrogram was recorded reproducibly re-
sulted in selective ablation ot modification of fast path-
way function (14). Jackman et al. subsequently showed
that ablative lesions placed between the coronary sinus
os and the septal leaflet of the tricuspid valve selectively
destroyed slow pathway function (15). However, detailed
cellular electrophysiologic data concerning ablation effects
in specific areas of the triangle of Koch using AV node
tissue are not available.

In the previous expetiment using four perfused rabbit
heatts, fast conduction was increased actoss the AV node
at long prematurity intetvals an average of 67% in all
preparations, while slow conduction was either preserved
ot enhanced in 3 of 4 preparations and lost in fourth
pteparation, after ablation of middle atrial input of the
AV node (16). Chotro et al. studied electrophysiological
effects of selective radiofrequency ablation in the anterior
and posterior zone of the Koch’s triangle using petfused
rabbit heart. In the antetior zone the AH interval was
prolonged to a greater extent, while in the postetior zone
the effects were greater on the Wenckebach cycle length
(17). We used supetfused AV nodal tissue instead of pet-
fused rabbit model to evaluate intracellular electrophysiol-
ogy atound the insertion site of tendon of Todaro. Similar
to the previous petfused model, ablation of the middle
input of AV node produced consistent changes in fast
AV node conduction, and varied effects on slow con-
duction, ranging from elimination to enhancement of this
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AV node property. Among the antegrade AVN recovety
cutves after fast pathway input ablation, Fig. 1B would
be theotetically ideal. However, varying effects on slow
conduction ate difficult to explain. According to Mendez
et al., @ and B pathways are only 0.3 to 0.5 mm apart
(13). In view of the size of ablation lesion in our exper-
iment, the ablation would have influenced both atrial
input areas and the slow conduction would be enhanced
ot truncated by different degrees of atrial summation.
Josephson et al. suggested that the tachycardia circuit
caused by atrioventricular nodal reentty mechanism was
entirely intranodal (18). Data from humans suggest the
atria are not necessaty, including the presence of AV
dissociation during supraventricular tachycardia, depolat-
ization of atrial tissue surrounding the node without
affecting SVT, pacing induced AH intetrvals exceeding
those duting SVT, and site dependency of a critical AH
interval (exceeding atrial refractoriness) which is tequired
for initiation of AV nodal tachycardia. However, othets
raised the possibility that atrial perinodal fibers ate
critical links in the tachycardia circuit (19). linuma et al.
demonstrated that surgical interruption of the petinodal
tissue prevented reinitiation of reentrant phenomena in
superfused rabbit heart (20). Holman et al. also con-
firmed that atrioventricular node reentry tachycardia can
be cured by dissecting atrial petrinodal fibers without dis-
rupting  atrioventricular nodal conduction in animal
experiment (21). Our results show that the ablated lesion
include exclusively atrial or atrionodal cells and action
potentials did not change significantly prior to and after
ablation, suggesting that atrial perinodal fibets ate critical
links in the tachycardia circuit. Because our tissue did
not show AV nodal echo ot AVNRT before ablation,
above suggestion may not be possible. But, increased fast
pathway conduction after ablation suggests that at least
fast pathway was modified by RF energy given at the
atrial insertion site of tendon of Todaro. Our study had
some limitations such as a small number of cases, and
use of superfused isolated rabbit AV nodal tissue without
effects of autonomic nervous influences. Thetefore, out
data are not applicable directly to the human heart.
In conclusion, discrete fast AV node pathway ablation
in the rabbit can be accomplished with a singular lesion
around the atrial insertion site of the tendon of Todaro.
The cellular electrophysiologic characteristics of these
areas involve atrial or atrionodal cells. The study implies
that inputs to the compact node may act as the substrate
for successful ablation of AV node teentty tachycardia.
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