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Objectives . The purpose of this study was to 1) investigate
extracellular electrograms in the airloventricular (AV) junctional
area of patients with AV node reentrant tachycardia, 2) compare
them with recordings made in isolated porcine hearts, and 3)
study their origin .

Background. Electrograms with slow components have been
used to target the delivery of radlofrequency energy for the cure of
AV node reentrant tachycardia . The origin of these electrograms
Is unknown.

Methods. In 12 human and 19 porcine hearts, extracellular
recordings were made simultaneously from 64 sites . In five other
porcine hearts, intracellular recordings were made at sites at
which extracellular electrograms revealed slow potentials . Histo-
logic investigations were carried out in four of these hearts .

Results . Electrograms with slow components were recorded in

Atrioventricular (AV) node reentrant tachycardia is due to
reentry in the region of the AV node . These tachycardias may
be cured by a -variety of surgical or catheter ablation techniques

(1-7) . Anatomic landmarks and electrical activation sequence
mapping have been used to guide these procedures . Recently,
it has been suggested that the morphology of extracellular
electrograms may be used to target the delivery of radio-
frequency energy to the site of the "slow pathway" (8,9), a

component of the reentrant circuit. Jackman et al . (8) and
Haissaguerre et al . (9) have suggested that electrograms re-
corded from successful ablation sites have specific morpho-
logic features . The origin of these potentials is unknown .

Intracellular and extracellular measurements have been
carried out in superfused preparations of the AV node of
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five human and eight porcine hearts . These signals were found at
sites up to 12 mm from the His bundle. Characteristics of the
electrograms did not differ significantly among human and por.
cite hearts . Electrophysiologic evidence for multiple pathways
was present in four hearts . Superficial impalements with micro-
electrodes at sites with slow potentials showed action potentials
with AV node characteristics . In the majority of these recordings,
the upstroke coincided with the downstroke of slow potentials .
Histologic investigations of the sites of impalement revealed tran-
sitional cells directly underneath the endocardium .

Conclusions. Slow potentials were recorded in both human and
porcine hearts in similar measure. They arise from transitional
cells and have action potentials similar to N cells .

(j Am Coll Cardiol 1994,23 :709-15)
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rabbit and canine hearts (10) . Extracellular recordings have
been made from the AV node of the intact bovine and canine
heart (11®13) and during catheter mapping in humans (8,9) .
The results provide a basis for expecting the possibility of
recording extracellular signals with an AV node origin from
the AV junctional area .

The purpose of our study was to 1) investigate extracel-
lular electrograms in the AV junctional area in patients with
AV node reentrant tachycardia during cardiac surgery ;
2) compare the characteristics of these electrograms with
those obtained in isolated porcine hearts ; 3) explorm the
manifestation of multiple pathways ; and 4) determine the
origin of electrograms with slow deflections by correlating
extracellular and intracellular recordings .

Methods
Multichannel extracellular recordings . Mapping of the

electrical activity of the AV junctional area was carried out
in 12 patients who underwent curative surgery for AV node
reentrant tachycardia and 19 Langendorff-perfused porcine
hearts .

Patients. Twelve patients (nine women and three men,
aged 18 to 60 years [mean 46]) were referred for surgical
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therapy after three different drugs failed to suppress the
tachycardia. In all patients, paroxysmal AV node reentrant
tachycardia was diagnosed by standard electrophysiologic
criteria (14). One week before surgery, antiarrhythmic med-
ication was discontinued. In 10 patients, common AV node
reentry (14) was demonstrated, whereas the uncommon type
was observed in the remaining 2 patients . With the patient on
cardiopulmonary bypass, the right atrium was opened by a
long oblique incision to expose the AV junctional area . Two
bipolar hook electrodes-one attached to the right atrium,
the other to the right ventricle-served as reference elec-
trodes. Stimulation was performed through bipolar hook
electrodes-one on the right atrium, the other on the right
ventricle. Mapping was carried out under normothermic
perfusion .

Pips weighing between 15 and 20 kg were anesthe-
tized with sodium pentobarbital (30 mg/kg body weight) .
After thoracotomy, the heart was rapidly removed and
connected to a Langendorff perfusion setup as described
previously (15) . An incision was made in the right atrium,
from the vena cava anterior to the vena cava posterior, and
extended tow the atrial appendage . Reference signals
were recorded with two small bipolar hook electrodes at-
tached to the septum of the right atrium and to a convenient
site on the right ventricle . A similar electrode was used for
stimulation and was attached near the ostium of the coronary
sinus. The junctional area was scanned with a hand-held
probe (bipolar recording, poles 2 mm apart) to locate the site
with the largest His deflection . This site was marked with a
fine needle (diameter 300 Am) that did not influence AV
conduction in any way. Basic stimulation was performed
with a cycle length just below that of the spontaneous
rhythm .

Mapping techniques . Electrograms were recorded with a
rod electrode harboring 64 terminals-the cut ends of stain-

less steel wires (diameter 70 gym)-on its tip . The wires were
cut at the same level and arranged in an 8 x 8 matrix at
interelectrode distances of I mm. An additional wire, cut
1 mm shorter than the others, was located in the middle of
the matrix and served as the indifferent pole . In this way, 64
semiunipolar recordings were obtained, thus combining the
advantages of a unipolar and a bipolar lead .

A data acquisition system enabled the simultaneous re-
cording of the 64 signals . These were bandpass filtered (low
cutoff 3 dB point I Hz, high cutoff 3 dB point I kHz) and
amplified 200 times. Peak to peak noise level of the amplifi-
ers was 40 µV ; the sample frequency was I kHz .

In patients, the rod electrode was positioned by hand at
one or more sites along the attachment of the tricuspid valve
between the membranous septum and the ostium of the
coronary sinus . For measurements in the pig hearts, the rod
was mounted in a micromanipulator and positioned parallel
to the annulus fibrosus at one or more sites between the
marked location of the His bundle and the ostium of the
coronary sinus .
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Criteria for AV node deflections. Simultaneous record-
ings with intracellular and extracellular electrodes have
shown that some of the deflections found in extracellular
signals recorded from the AV junctional area represent
activation in the AV node (10). Our observations showed
that extracellular signals recorded from the AV junctional
area between the His bundle and the coronary sinus consist
of at least two components . The first component usually
comprises one or more sharp deflections originating from
activation of atrial tissue . A second deflection, which is
always present, mprrors remote activation of the ventricle .
Ventricular deflections were always synchronous and had a
similar configuration independent of the recording site .

In several recordings, a third component was present,
sandwiched between the atrial and ventricular deflections
(Fig. 1). These components usually having slow down-
strokes (slow potentials) resembled the AV node deflections
recorded by other investigators (10) . Deflections in Figure 1
that are caused by atrial activation are marked by A in the
upper tracing, whereas deflections marked by V express
remote activation of the ventricle . Between these compo-
nents, a third is present (marked AV) . The upper panels
show spread of activation of the atrial and AV node compo-
nents .

Because several other explanations could account for the
AV components (16), a validating procedure was required to
confirm the AV node origin of these deflections . We consid-
ered complexes occurring between the atrial and ventricular
components as originating from the AV node if they met the
following criteria . 1) Spread of activation of the complexes
was <0.1 m/s (17) . The time of steepest negative deflection
was used to determine activation time (10) . 2) The complexes
were recorded from at least 10 clustered sites . This require-
ment was introduced because spread of activation can 6-
determined reliably only if signals are recorded from contigu-
ous sites . 3) The maximal negative derivative of the complexes
was >-0.2 V/s. This cutoff value was chosen on the basis of
the steepness of distinct atrial deflections (amplitude > 1 mV),
which was always more negative than -0.2 V/s .

Intracellular recordings. In five porcine hearts extracel-
lular and intracellular recordings were made simultaneously
from sites revealing slow potentials similar to the AV node
complexes in the multichannel recordings . Hearts were
Langendorff perfused as described before, but diacetylmon-
oxime was added to the perfusion fluid to abolish contraction
(18) . The extracellular electrode consisted of a silver wire
(diameter 0.2 mm), isolated except at the tip, which was
coated with a silver chloride layer. Recordings were made
with respect to the cavity potential of the left ventricle .
Intracellular recordings were made with conventional micro-
electrodes .

Histologic investigation. Histologic investigation was per-
formed on four pig hearts, using standard techniques after
fixation with formalin . Sections of 5 to 10 fhm thickness were
analyzed from sites at which microelectrode impalements
were made . At these sites, extracellular recordings showed
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Figure 1 . Upper panels, Aerial and atrioventricular (AV) node acti-
vation patterns of the AV junctional area of a porcine heart during
atrial stimulation . Arrows indicate the main spread of activation .
The right border of the recording area was parallel to the annulus
fibrosis; the upper right corner was located 5 mm from the His
bundle. Signals that were used to construct the activation patterns
were recorded simultaneously from 64 sites at 1-mm interelectrode
distance. Atrioventricular node signals were recorded from 58 sites .
Lower panel, Extracellular electrograms are recorded at the sites
indicated in the upper panels. The signals exhibit three components .
Components marked A in the upper tracing were generated by
activation in atrial tissue ; V points to the remote components of
ventricular depolarization. Deflections marked AV between the
atrial and ventricular components mirror the activity of subendocar-
dial layers of the AV node . S, = basic stimulus .

slow potentials . The plane of sectioning was always perpen-
dicular to the AV ring. Sections were stained alternately
with Masson trichome and hematoxylin-eosin .

Results
Multichannel extracellular recordings . Electrograms from

the AV junctional area and fulfilling the criteria for classifi-
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Won as AV node in origin during sinus rhythm or atrial
stimulation, or both, were recorded in five human (41,617)
and eight porcine (42.1%) hearts . Of these, two human and
three porcine hearts manifested AV node signals during
ventricular stimulation as well .

Characteristics of AV node complexes. The amplitude of
the signals that fulfilled the criteria of an AV node origin
ranged from 0.1 to 3 mV (mean 0 .8 mV). The maximal
negative derivative ranged from -0.01 to -0 .2 V/s (mean
-0 .06 in porcine and -0 .12 in human hearts). The amplitude
of the preceding atrial complexes was on average 1 .25 mV in
porcine hearts and 0.88 in human hearts. In areas deprived of
AV node potentials, atrial signals could be as high as 15 mV .
Their maximal negative derivative had a mean value of -3 .3
and - 1 .4 VA for porcine and human hearts, respectively . In
four hearts, a gradual transition was observed from sharp
deflections (dV/dt <-0.2 V/s) to slow AV node complexes .
In three of these hearts, the signals exhibiting the sharpest
deflections we - 2 recorded at sites located posterior to those
where signals had a slow downstroke In one heart, the
sharper deflections were recorded close to the bundle of W .
Characteristics of AV node signals recorded in the human
hearts did not differ significantly from those in the porcine
hearts .

Spread of AV node activation . Sinwz rhythm and basic
atrial stimulation . In five human and eight porcine hearts,
AV node signals were recorded from 10 to 45 clustered sites
during either sinus rhythm or atrial stimulation . This made a
tentative description of the spread of activation possible . In
one human heart, spread of AV node activation of two
successive sinus beats was dissimilar, although the PR
interval and the configuration of the P wave on the surface
leads 1, 11 and III were identical . Figure 2 illustrates these
two beats . The AV node deflections (marked AV in the
upper tracings) recorded from the same site for the two
successive complexes differ in configuration and time of
occurrence. The latter is expressed by the difference in
pattern of AV node activation (upper panels) . Spread of
atrial activation in the AV junctional area was similar for
both complexes .

In the remaining four human and in all porcine hearts in
which AV node signals were recorded during anterograde
conduction, the activation pattern was identical for sinus and
stimulated beats (basic cycle length ranging from 400 to
800 ms) .

Premature atrial stimulation. In five porcine hearts with
AV node deflections during basic atrial stimulation, a pre-
mature stimulus was delivered after every eighth basic
stimulus. In none of these hearts did premature stimulation
result in echo beats that reexcited the atria. In three of the
five hearts, the AV node activation patterns evoked by basic
and premature stimuli were dissimilar . In twr, of these,
multiple AV node deflections were evoked by premature
stimuli. The activation maps showed two consecutive wave
fronts crossing the same area in opposite direction . An
example is shown in Figure 3 . During basic stimulation of the
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Figure 2 . Upper panels, Atrioventricular (AV) node activation pat-
terns of two successive beats during sinus rhythm in a patient
operated on for recurrent AV junctional reentrant tachycardia . The
right bwder of the recording area was parallel to the annulus
fibrosis ; the upper right corner was located 7 mm from the His
bundle . Isochrones are 10 ms apart and are timed with respect to the
onset of atria( activation (t = 0 ms in lead 1) . Arrows indicate the
main spread of activation . Lower panels, Signals are the surface
leads I, II and III and the extracellular electrograms that were
recorded at the sites indicated in the activation patterns . Atrial
components are marked by A, the AV node component by AV in
tracings a . The AV node components are followed by remote
ventricular deflections . Atrioventricular node deflections were re-

corded from 60 sites .

atrium (SI), AV node deflections were demonstrated at
several recording sites (small arrows in tracings b to e
between S, and S2) . After the premature stimulus (S2),
similar deflections were observed in the same tracings (small
arrows in tracings b to e, following S2) . The isochronic
pattern derived from these deflections is indicated by the
solid lines in the upper right panel . This activation pattern is
similar to that occurring after application of an extrastimulus
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Figure 3 . Upper panels, Atrial and atrioventricular (AV) node acti-
vation patterns during premature atrial stimulation in a porcine
heart . The right border of the recording area was parallel to the
annulus fibrosis ; the upper right corner was located at the position of
the His bundle. The AV node activation shows two patterns (solid
lines 50 to 80 ms and dashed lines 260 to 340 ms) . The main spread of
activation is indicated by arrows and shows that spread of the two
wave fronts takes place in opposite directions . Lower panel, Extra-
cellular electrograms recorded at sites indicated in the upper left
panel . Th,: last basic stimulus (basic cycle length 600 ms) is indicated
by S1. The arrows in tracings b to e to the right of S, point to
deflections from the AV node . After each eighth basic stimulus, a
premature stimulus (S2) was delivered . This stimulus induced atrial
activation that failed to conduct to the ventricle . As was the case
during basic stimulation, atrial activation caused by the premature
stimulus invaded the AV node (small arrows to the right of S2) .
During atria] activation, however, the AV node generated a second
component (bold arrows) . The deflections along the vertical line
represent repolarization of the ventricle and occur simultaneously in
all signals. During basic stimulation, AV node complexes were
recorded at 20 sites and during premature beats at 18 sites .

that generated activation that only just conducted to the
ventricle . After repolarization of the ventricle, other AV
node deflections were recorded (bold arrows) . The upper
right panel shows the corresponding isochrones, indicated
by broken lines . Spread of activation derived from this group
of isochrones (dashed arrow) is opposite in direction to that
seen in the first group (bold arrow) . This wave front, which
can be considered as an echo beat that failed to reexcite the
atria, occurred when premature stimuli were applied with
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Figure 4. Intracellular and extracel-
lular recordings made during prema-
ture atrial stimulation . The atrium
was stimulated from a septal site .
The upper tracing (atrium) is a refer-
ence signal recorded from the right
atrial appendage . Vertical lines are
stimulus artifacts . The second trac-
ing (extracellular) is a unipolar re-
cording exhibiting slow potentials
(open arrow) . This recording was
made at a site near the orifice of the
coronary sinus. The third tracing
(ventricle) is from a site on the right
ventricular septum . Activation of
the right bundle can readily be seen
as a small spike (arrow) . The fourth
tracing is an intracellular recordingg
made from a site close to that of the
extracellular electrode . The down-
stroke of the slow potential coin- mtracallular -

cides with the upstroke of the action
potential, which has a slow upstroke
velocity . Amplitude and upstroke
velocity decrease after premature
stimuli .

coupling intervals between 193 and 213 ms . The wave font
was absent at longer as well as shorter intervals .

Spread of AV node activation after ventricular stimulation .
In two human and three porcine hearts in which AV node
signals were detected during sinus rhythm or atrial stimula-
tion, or both, AV node complexes were recorded during
ventricular stimulation as well . In three of these hearts, the
complexes occurred after the atrial components . In one
heart, multiple AV node complexes in the same recording
were observed during basic ventricular stimulation, whereas
only one complex was seen after premature stimuli . Prema-
ture beats that just failed to conduct to the atria were always
followed by AV node deflections .

Intracellular recordings . In four of five porcine hearts .
Mow potentials similar to the AV node signals were recorded
from I to 8 sites (in total 14 sites) with a single extracellular
electrode. Intracellular recordings from these sites were
obtained during superficial impalement and invariably
showed action potentials with slow upstrokes . At 10 record-
ing sites, the upstroke coincided with the downstroke of the
slow potential . At four sites, the upstroke was located
between the preceding atrial electrogram and the negative
slope of the slow potential . Time of activation was between
20% to 80% of the atrium-His bundle interval in all record-
ings .

During intracellular recordings at four sites, extrastimuli
were applied and showed that the upstroke velocity and
amplitude of the action potentials decreased at shorter
coupling intervals . An example is illustrated in Figure 4 . The
intracellular recording was made from a site close to the
orifice of the coronary sinus .

Histologic investigations. From the four hearts in which
slow potentials were recorded, serial sections were taken
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from six sites of microelectrode impalement . Upstroke of the
action potentials at these sites coincided with the down-
stroke of the slow potentials recorded at the same site .
Transitional cells running parallel to the endocardium were
observed directly underneath the endocardium at all sites
irrespective of the distance between the recording site and
the compact node .

Transitional cells differ from working atrial cells in having
a smaller diameter and reduced cross-striation (19) . They are
often widely separated and tend to be arranged individually,
being interspersed with connective tissue . In our prepara-
tions, transitional cells could be readily distinguished on the
basis of these properties .

Conclusions . Multichannel mapping shows that slow po-
tentials can be recorded in about 40% of human as well as
porcine hearts . During sinus rhythm, spread of activation
corresponding to these slow potentials can occur by several
paths without affecting the PQ interval . Spread of activation
during premature stimulation often differs from that of basic
beats. Multiple pathways were observed after atrial and
ventricular stimulation . In several cases, slow potentials
followed atrial deflections during retrograde conduction .

Intracellular recordings show that slow potentials are
caused by cells with AV node characteristics . Depth and
location of impalements, together with activation time and
histologic analysis, strongly suggest that slow potentials
arise in subendocardially located transitional cells overlying
the compact node or posterior to it .

Discussion
The origin of extracellular electrograms . Extracellular

recordings of the AV junctional area have been .;arried out in
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experimental settings (10-13), as well as during clinical
studies (8,9,16), Although the AV node seems the obvious
source of deflections occurring between the atrial and ven-
tricular components in extracellular recordings, several
other explanations can be given for their origin : 1) injury
caused by pressure or impalement of the electrodes,
2) activation of specialized atrial tissue, 3) rinf~ing of filters,
and 4) repolarization of atrial tissue (16) .

For this reason, validating procedures must be performed
to confirmm the AV node origin of the observed extracellular
complexes . In our study, it was stipulated that spread of AV
node activation must be less rapid than that of atrial activa-
tion (<0 .1 m1s). This requiremeit excludes deflections
caused by either repolarization or injury of atrial myocar-
dium because such signals will occur simultaneously . More-
over, injury was unlikely because of negligible pressure
exerted by the multiterminal electrode as a result of its
"lugc" total area. When positioned on ventricular myocar-
dium or on the AV junctional area, the electrode did not
cause lesion potentials . The characteristics of the intracellu-
lar complexes provided additional support for the AV node
origin of the slow potentials

.A question to be addressed is whether slow potentials
arise from activation in either transitional cells or cells of the
compact node. Decreases in amplitude and upstroke velocity
of the action potentials during premature stimulation suggest
that they arise in N cells located in or close to the compact
node (20). However, this may not be so because 1) the
classification of AV junctional cells into AN, N and NH
types (20,21) was derived from observations made in rabbit
hearts. This classification may not be applicable in human or
porcine hearts and is not strict because AN cells can have
the characteristics of N cells (20). 21 Double components,
which occur in recordings from N cells during premature
stimulation (20), were not observed . 3) All action potentials
with AV node characteristics were recorded during super-
ficial impalement. 4) Depolarization of impaled cells always
occurred within 20% to 80% of the atrial-His bundle inter-
val, which is characteristic of AN cells (22). 5) Some
recording sites were located near the orifice of the coronary
sinus, far from the compact node . 6) The compact node
comprises only a small zone of the order of I or 2 mm' at the
middle of the junctional area (20), which is not compatible
with the widespread location of sites with slow potentials .
7) The shortest distance from the compact node to the site of
recording was about I mm. The amplitude of an extracellular
signal generated by activation through a bundle rapidly
decreases with distance (23). The recorded voltage is also
reduced because nodal cells in the compact node are inter-
mingled with fibrous tissue (19) . 8) Sites from which AV
node deflections with a large amplitude were recorded
sometimes bordered sites where no AV node deflections
were found. This observation is not compatible with the
view that signals represent distant activation of the compact
node, but it is compatible with the concept that activation in

the transitional cells accounts for the extracellular deflec-
tions .

Relation between slow potentials and AV conduction . The
fact that AV node conduction of consecutive sinus beats can
differ (Fig . 2) while the PR interval is unchanged suggests
that activation also occurred by other, not observed, AV
node pathways . This is conceivable because input to the
compact node occurs through three groups of transitional
cells, one of which is located in deeper layers (19) . There-
fore, we are aware of not having recorded the activation of
all transitional cells. In addition, AV node signals may be
due to activation in dead-end pathways that have been
demonstrated in the AV junctional area (24) . This can
explain our observation that slow potentials arise after atrial
deflections during retrograde conduction .

Haissaguerre et al. (9) described the recording of slow
potentials in the perinodal region in patients with AV node
tachycardia. They recorded these potentials from the mid
and posterior septum, anterior to the ostium of the coronary
sinus. These slow potentials have several features in com-
mon with the AV node signals of our recordings. 1) Sharp
potentials were recorded from a smaller number of sites than
were slow potentials . 2) The configuration of the signals
could vary during sinus rhythm in the same patient . 3) At
high stimulation rates, the signals decreased in amplitude .
4) The signals were recorded at contiguous sites anterior to
the coronary sinus. In addition, Haissaguerre et at . (9) also
recorded slow potentials in a control group of patients who
were found to have no AV node tachycardia. This finding is
compatible with our observation of AV node signals in the
porcine hearts, suggesting that the potentials are a common
phenomenon in the AV junctional area of mammalian hearts .
The main discrepancy between our observations and those
of Haissaguerre et al . (9) concerns the number of patients in
whom the signals were recorded . They recorded slow poten-
tials in virtually all patients, whereas we could record them
in only 42% of the hearts . The origin of this discrepancy may
be a difference in tn, :aput noise level of the amplifiers or the
stringent requirements of clustered sites from which AV
node signals had to be recorded in our study .

Jackman et al. (8) reported the recording of sharp poten-
tials posterior to the AV node near or in the ostium of the
coronary sinus . They suggested that these signals represent
activation of the atrial end of the slow pathway . The slow
pathway potentials are described as being sharper and of
greater magnitude than the local atrial signals . We recorded
sharp deflections that were probably related to contiguous
AV node deflections in four hearts . In three of these, the
slope of the signals decreased with increasing distance to rile
preceding atrial deflection ; the slope then gradually faded
into the AV node deflections that were recorded farther
away from the ostium of the coronary sinus . This phenom-
enon is comparable with the findings of Spach et al . (10),
who showed that the transition from atrial myocardial fibers
to transitional cells is gradual rather than abrupt . Although it
is conceivable that the signals with sharp deflections repre-
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sent the slow pathway potentials recorded by Jackman et al .
A our signals were recorded anterior to the omArn of the
coronary sinus, a recording site different from that used by
Jackman et al . (8) . In addition, the amplitudes of the sharp
potentials in our study did not vary as much as those in the
recordings by Jackman et al . (8) .

L° Rations of the extraceellular recording technique . Why
were slow potentials recorded in only 42% of the hems
during multichannel mapping but recorded from at least one
site in M of Eve hearts during the microelectrode studies?
The answer may lie in the following considerations : 1) the
spatial resolution of a roving probe is virtually unlimited ;
2) activation in transitional cells can be masked by activation
in overlying atrial muscle ; 3) recording of slow potentials can
be missed, either because they are too small or because
activation runs through deeper layers of transitional cells ;
and 4) the prerequisite of 10 clustered sites from which AV
node deflections had to be recorded during mapping is
conservative, implying that we could have missed recording
AV node signals from solitary sites .

Although the results of sin uhancous recordings of intra-
cellular and extracellular signals strongly support the con-
cent of the slow potentials originating in transitional cells,
further investigation is necessary to clarify the importance of
these signals for AV conduction and AV node tachycardia .

We are grateful to Cie] Janse, MD for many helpful discussions during 11
course of this investigation and for reviewing the manuscript .

References

I - Goy JJ, Fromer M, Schlacpfer J, Kappenberger L . Clinical efficacy of
radiofrequency current in the treatment of patients with atrioventricular
node reentrant tachycardia . J Am Coll Cardiol 1990,16 :418-23 .

2. Epstein LM, Scheinman MM, Langberg JJ, Chilson D, Goldberg HR,
Griffin JC . Percutaneous catheter modification of the atrioventricular
node: a potential cure for atrioventricular nodal reentrant tachycardia .
Circulation 1989 ;80 :757-68 .

3 . Ross DL, Johnson DC, Denniss AR, Cooper MJ, Richards DA, Uther JB
Curative surgery for atrioventricular junctional ("AV nodal") reentrant
tachycardia . J Am Coll Cardiol 1985 ,,6 :1383-92 .

4 . Sosa E, Marcial MB, Scanavacca MI, Bellotti G, Pileggi F . Surgical
treatment of atrioventricular nodal reentrant tachycardia . J Electrophys-
iol 1988,2 :497-503 .

5 . Cox JL, Holman WL, Cain ME . Cryosurgical treatment of atrioventric-
ular node reentrant tachycardia . Circulation 1987 ;76 :1329-36 .

6 . Guiraudon GM, Klein GJ, van Hemel NM, Guiraudon CM, Yee R,
Vermeulen FEE. Anatomically guided surgery to the AV node . AV nodal
skeletonization : experience in 46 patients with AV nodal reentrant
tachycardia . Eur J Cardiothorac Surg 1990 ;4 :461-5 .

DE BAKKER ET AL .

	

715
SLOW POTENTIALS IN THE AV ,vUNCTIONAL AREA

7 . Fujimura 0, Guiraudon GM, Yee R, Sharma AD, Klein GJ . Operative
therapy of atrioventricular node reentry and results of an anatomically
guided procedure . Am J Cardiol 1989 ;64 :1327-32 .

8 . Jackman MJ, Beckman KJ, McCelland JH, et al. Treatment of supraven-
tricular tachycardia due to atrioventricular nodal reentry by radiofre-
quency catheter ablation of slow-pathway conduction . N Engl J Died
1992 ;327 :313-8 .

9 . Haissaguerre M, Gaita F, Fischer B, et al . Elimination of atrioventricular
nodal reentrant tachycardia using discrete slow potentials to guide appli-
cation of radiofrequency energy . Circulation 1992;85 :2162-75 .

10. Spach MS, Lieberman M, Scott JG, Barr RC, Johnson EA, Kootsey JM .
Excitation sequences of the atrial septum and the AV node in isolated
hearts of the dog and rabbit . Ore Res 1971 ;24 :156-72 .

]L Pruitt RD, Essex HE . Potential changes attending the excitation process
in the atrioventricular conduction system of bovine and canine hearts .
Circ Res 1960 ;8:149-74 .

12 . Alanis I Propagation of impulses through the specialized tissue of the
mammalian heart . In : Paes de Carvaiho A, de Mello WC, Hoffman BF,
editors . The Specialized Tissues of the Heart : Proceedings of the Sym-
posium on the Specialized Tissues of the Heart, Rio de Janeiro, 1960 .
Amsterdam : Elsevier, 1961 :175-201 .

13 . Damato AN, Lau SH, Bobb GA, Wit AL . Recording of A-V nodal
activity in the intact dog heart . Am Heart J iWo ;3 :353-66 .

14 . Akhtar M . Supraventricular tachycardias . In : Josephson ME, Wellens
HJJ, editors . Elecxophysiologic Mechanism, Diagnosis, and Pharmaco-
logic Therapy. Tachycardias : Mechanisms, Diagnosis, Treatment . Phila-
delphia: Lea & Febiger, 1984 :137-69 .

15 . Coronal R, Fiolet JWT, Wilms-Schopman FJG, Opthof T, Schaapherder
FM, Janse MJ . Distribution of extracellular potassium and electrophysi-
ologic changes during two-stage coronary ligation in the isolated, perfused
canine heart . Circulation 1989 ;80 :165-77 .

16 . Scherlag BJ, Berbari EJ, Lazarra R . In vivo recordings of A-V nodal
potentials : a review . In : Hombach V, Hilger HH, editors . Signal Aver-
aging Technique in Clinical Cardiology. Stuttgart : FE Schattauer Verlag,
1981 :109-19.

17 . Hoffman BF, Cranefield PF. Electrophysiology of the Heart . New York :
McGraw-Hill, 1960 :157 .

18 . Li T. Sperekalis N, Teneick RE, Solaro RJ . Effects of diacetyl monoxime
on cardiac excitation-contraction coupling . J Pharmacol Exp Ther 1985 ;
232 :688-95 .

;9. Becker AE, Anderson RH . Morphology of the human atrioventricular
junctional area . In : Wellens HJJ, Lie HI, Janse MJ, editors . The Con-
duction System of the Heart : Structure, Function and Clinical Implica-
tions. The Hague: Martinus Nijhoff, 1978 :263-86 .

20 . Billette J, Janse MJ, van Capelle FJL, Anderson RH, Touboul P, Duffer
D. Cycle-length dependent properties of AV nodal activation in rabbit
hearts. Am J Physiol 1976 ;231 :1129-39 .

21 . Paes de Carvalho A, De Almeida DF . Spread of activity through the
atrioventricular node . Circ Res 1%0;8 :801-9.

22 . Janse M11, van Capelle FJL, Anderson A, Touboul P, Billette J . Electro-
physiology and structure of the atrioventricular node of the isolated rabbit
heart . In Ref 19 :2%-316 .

23 . Spach MS, Barr RC, Serwer GA, Kootsey JM, Johnson EA . Extracellular
potentials related to intracellular action potentials in the dog Purkinjc
system . Circ Res 1972 ;30 :505-19 .

24 . van Capelle FJL, Janse MJ, Varghese PJ, Freud GE, Mater C, Duffer D .
Spread of excitation in the atrioventricular node of isolated rabbit hearts
studied by multipie microelectrode recording . Circ Res 1972,31 :602-16 .


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7



