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Site of Accessory Pathway Block After Radiofrequency
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Site of Accessory Pathway Block. Introduction: Recent studies have demonstrated that
the most common site of accessory pathway conduction block following the introduction of a
premature atrial stimulus during atrial pacing is between the accessory pathway potential and
the ventricular electrogram, consistent with block at the ventricular insertion of the accessory
pathway. However, no prior study has evaluated the site of conduction block during radiofre-
quency catheter ablation procedures. Therefore, the objective of this study was to determine
the site of conduction block after catheter ablation of accessory pathways by analyzing and
comparing the local electrograms recorded before and after radiofrequency energy delivery at
successful ablation sites.

Methods and Results: The electrograms evaluated in this study were obtained from 85 con-
secutive patients who underwent successful radiofrequency catheter ablation of a manifest
accessory pathway. The 50 left free-wall accessory pathways were ablated using a ventricular
approach and the 35 right free-wall or posteroseptal accessory pathways were ablated using an
atrial approach. The characteristics of local electrograms recorded immediately before and
immediately after successful ablation of the accessory pathway were determined in each
patient. The site of accessory pathway block was determined by comparing the amplitude, tim-
ing, and morphology of the local electrograms at successful sites of radiofrequency catheter
ablation before and after delivery of radiofrequency energy. A putative accessory pathway
potential was present at the successful target site in 74 of the 85 patients (87%). Conduction
block occurred between the atrial electrogram and the accessory pathway potential in 66
patients (78%) and between the accessory pathway potential and the ventricular electrogram
in eight patients (9%). The site of block could not be determined in 11 patients (13%) in whom
an accessory pathway potential was absent. Conduction block occurred most frequently
between the atrial electrogram and the accessory pathway potential regardless of accessory
pathway location. No electrogram parameter or accessory pathway characteristic was predic-
tive of the site of conduction block.

Conclusion: The results of this study demonstrate that conduction block occurs most fre-
quently between the local atrial electrogram and the accessory pathway potential during
radiofrequency catheter ablation of accessory pathways. This is true regardless of whether the
accessory pathway is ablated from the atrial or ventricular aspect of the mitral or tricuspid
annulus. (J Cardiovasc Electrophysiol, Vol. 5, pp. 20-27, January 1994)
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atrial stimulus during atrial pacing is between the
accessory pathway potential and the ventricular
electrogram, consistent with conduction block at
the ventricular insertion of the accessory pathway.!?
This observation suggests that the ventricular inser-
tion of accessory pathways may be more suscep-
tible to destruction than is the atrial insertion. How-
ever, no prior studies have characterized the site
of conduction block during radiofrequency catheter
ablation of accessory pathways.

Therefore, the objective of this study was to
determine the site of conduction block during
radiofrequency catheter ablation of accessory path-
ways by analyzing and comparing the local elec-
trograms recorded before and after radiofrequency
energy delivery at successful ablation sites.

Methods

Patient Characteristics

The electrograms evaluated in this study were
obtained from 85 consecutive patients who under-
went successful radiofrequency catheter ablation
of a manifest accessory pathway at the University
of Michigan Medical Center and in whom stable
electrograms were recorded at the successful abla-
tion site before and after radiofrequency energy
delivery. Each patient had a single accessory path-
way. There were 54 men and 31 women, and their
mean age was 34 = 17 years. Eighty-two patients
had no evidence of structural heart disease, one
had Ebstein’s anomaly, one had a dilated car-
diomyopathy, and one had coronary artery disease.

Accessory Pathway Characteristics

Each patient enrolled in this study had a single
manifest accessory pathway. Fifty accessory path-
ways were located in the free wall of the left ven-
tricle, 15 were posteroseptal, and 20 were located
in the free wall of the right ventricle. The mean
anterograde effective refractory period was 274 =
66 msec. The mean accessory pathway anterograde
block cycle length was 293 + 77 msec and the mean
retrograde block cycle length was 287 + 57 msec.

Electrophysiologic Testing and Catheter Ablation

The techniques used for electrophysiologic test-
ing and radiofrequency catheter ablation at the Uni-
versity of Michigan Medical Center have previ-
ously been published in detail.** Following
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preliminary localization of the accessory pathway.
precise mapping was performed with a 7 French
catheter, which had a 4-mm distal electrode, 2-mm
interelectrode spacing, and a deflectable tip
(Mansfield Webster, Burlington, MA, USA, or EP
Technologies, Inc.. Mountain View, CA, USA).
Left free-wall accessory pathways were approached
from the ventricular aspect of the mitral annulus.
Right-sided and posteroseptal accessory pathways
were approached from the atrial side of the tri-
cuspid annulus. Bipolar electrograms were recorded
using the distal pair of electrodes of the ablation
catheter. The electrograms were recorded during
sinus rhythm, filtered at 50 to 500 Hz, amplified
at a gain of 20 mm/mV, and recorded at paper
speeds of 100 or 200 mm/sec using a Siemens-
Elema (Solna, Sweden) Mingograph 7 recorder.

Target sites for ablation were identified by the
presence of discrete atrial and ventricular electro-
grams, early ventricular activation relative to onset
of the delta wave, and/or a discrete electrogram
suggestive of an accessory pathway potential
preceding the QRS complex.

Electrogram Analysis

The characteristics of local electrograms recorded
immediately before and immediately after suc-
cessful ablation of the accessory pathway were
determined in each patient. The position of the tip
of the ablation catheter was continuously moni-
tored with fluoroscopic imaging during delivery
of radiofrequency energy. Electrograms from those
patients in whom catheter dislodgment was
observed were excluded from analysis. Each elec-
trogram was analyzed independently in blinded
fashion by two of the authors. If their analysis dif-
fered significantly, the electrogram was analyzed
by a third author and a consensus was reached.

The amplitude, morphology, and timing of the
atrial, accessory pathway, and ventricular compo-
nents of each local electrogram were determined.
Morphological features that were evaluated included
the presence of continuous electrical activity and
the presence of an accessory pathway potential. An
electrogram was classified as continuous if a < 5-
msec isoelectric segment was present between the
atrial and ventricular components of the local elec-
trogram. Determination of the presence of an acces-
sory pathway potential was based strictly on mor-
phological features of the local electrogram and
were not verified with pacing maneuvers.'? Local
electrograms were classified as demonstrating an
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accessory pathway potential if a discrete deflection
was observed that preceded the onset of the QRS
complex. The onset and activation time of the acces-
sory pathway potential and atrial and ventricular
components of each local electrogram were mea-
sured. The electrogram onset was defined as the
first deflection from baseline with a slope > 45°
at a paper speed of 100 mm/sec.’ The activation
time was defined as the point of maximal ampli-
tude of the local electrogram.>¢ Once the onset and
activation time of each component of the local elec-
trogram were determined, the following intervals
were measured: onset of the atrial electrogram to
onset of the ventricular electrogram (AoVo inter-
val); onset of an accessory pathway (K) potential
to onset of the ventricular electrogram (KoVo inter-
val); and the onset of the ventricular electrogram
to onset of the QRS complex (VoQRS interval).
These intervals were also determined based on acti-
vation times (AaVa, KaVa, and VaQRS intervals).

The site of conduction block was determined by
comparing the amplitude, timing, and morphology
of the local electrograms at successful ablation sites
before and after delivery of radiofrequency energy.’
The site of conduction block was classified as
between the accessory pathway potential and the
local ventricular electrogram if the amplitude, tim-
ing, and morphology of the atrial and accessory
pathway components of the local electrogram were
unchanged after ablation of the accessory pathway
(Fig. 1). A significant change in amplitude was
defined as an increase or decrease in amplitude of
one of the major components of the electrogram by
more than 50%. Conversely, the site of block was
classified as between the local atrial electrogram
and the accessory pathway potential if the presumed
accessory pathway potential was no longer present
after ablation (Fig. 2). The site of block was also
classified as occurring between the local atrial elec-
trogram and the accessory pathway potential if the
amplitude of the presumed atrial electrogram
decreased by more than 50%, consistent with dis-
appearance of an accessory pathway potential that
had merged with the atrial electrogram (Fig. 3). The
site of conduction block was classified as unknown
if an accessory pathway potential was not observed
before radiofrequency energy delivery and if the
atrial electrogram remained unchanged after abla-
tion of the accessory pathway.

Statistical Analysis

Values are expressed as mean =+ 1 SD. The rela-
tionship between site of block and accessory path-

way location was determined using Fisher’s exact
test with correction for multiple comparisons. Deter-
mination of the relationship between the AV
ratio and the timing of the accessory pathway
potential with the site of conduction block was
performed using a nonpaired Student’s /-test. Paired
t-tests were used to compare the characteristics of
electrograms before and after radiofrequency energy
delivery. A P value < 0.05 was considered
significant.

Results

Electrogram Characteristics at Successful
Ablation Sites

The characteristics of local electrograms
recorded at successful ablation sites immediately
before and after radiofrequency energy delivery
are shown in Table 1. Accessory pathway poten-
tials were observed at 85% of successful ablation
sites before catheter ablation and at 9% of abla-
tion sites after catheter ablation (P < 0.001). Con-
tinuous electrical activity was present at 54% of
successful ablation sites before catheter ablation
and was uniformly absent after ablation (P <
0.001). All measured conduction intervals
increased after ablation, consistent with elimina-
tion of conduction through the accessory pathway
(P < 0.001).

The electrogram amplitudes that were recorded
at successful ablation sites are shown in Table 2.
Neither the amplitudes of the atrial or ventricular
electrograms nor the AV ratio changed significantly
after delivery of radiofrequency energy.

Site of Conduction Block

Conduction block occurred between the atrial
electrogram and the accessory pathway potential
in 66 patients (78%) and between the accessory
pathway potential and the ventricular electro-
gram in 8 patients (9%). The site of block could
not be determined in 11 patients (13%) in whom
an accessory pathway potential was not present
before ablation.

Conduction block occurred most frequently
between the atrial electrogram and the accessory
pathway potential at all accessory pathway loca-
tions (Table 3). However, conduction block between
the accessory pathway potential and the ventricu-
lar electrogram was observed more frequently after
ablation of posteroseptal accessory pathways than
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Figure 1. Recordings obtained at a successful ablation site immediately prior to (left panel) and following (right panel)
radiofrequency energy delivery of a manifest right lateral accessory pathway. Shown are surface leads | and 111, and the
intracardiac electrograms recorded at the His-bundle position (HBE), right ventricular apex (RVA), and at the ablarion site
(ABL) during sinus rhythm. Prior to ablation, distinct atrial, accessory pathway (K), and ventricular electrograms are
observed. Following ablation, the atrial electrogram and accessory pathway potential remain unchanged, consistent with
conduction block between the accessory pathway potential and the ventricular electrogram.

after ablation of left free-wall accessory pathways
(P = 0.003).

The site of conduction block was not related to
the timing of the accessory pathway potential, the
relative amplitude of the atrial or ventricular elec-
trogram at the ablation site, or to the electrophys-
iologic properties of the accessory pathway (Table
4). The mean anterograde effective refractory period
of accessory pathways in which block occurred
between the atrial electrogram and the accessory
pathway potential was no different than in those
in which block occurred between the accessory
pathway potential and the ventricular electro-
gram or in those in which a site of block could
not be determined due to the absence of an acces-
sory pathway potential. Similarly, there was no
relationship between the block cycle length of the
accessory pathway and the site of block induced
by ablation.

Discussion

Main Findings

The results of this study demonstrate that con-
duction block occurs most frequently between the
local atrial electrogram and the accessory pathway
potential during radiofrequency catheter ablation
of accessory pathways. This observation suggests
that catheter ablation does not result in selective
destruction of the ventricular insertion of the acces-
sory pathway.

Identification of Accessory Pathway Potentials

In this study, accessory pathway potentials were
identified only based on morphology. Although
pacing maneuvers have been described to verify
the presence of an accessory pathway potential by
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Figure 2. Recording obtained immediately prior to (left panel) and following ( right panel) radiofrequency energy delivery at
a successful ablation site of a manifest left anterolateral accessory pathway. Shown are surface leads V1 and I, and the
intracardiac electrograms recorded at the His-bundle position (HBE), right ventricular apex (RVA), and at the ablation site
(ABL) during sinus rhythm. Prior to ablation, distinct atrial, accessory pathway (K), and ventricular electrograms are
observed. Following ablation, the atrial electrogram remains unchanged and the K potential is not present, consistent with
conduction block between the atrial electrogram and the accessory pathway potential.

dissociating the suspected accessory pathway poten-
tial from both the atrial and ventricular compo-
nents of the local electrogram.'? these techniques
were not used in this study. The utility of identi-
fying an accessory pathway potential based on
morphology and timing was demonstrated in a pre-
vious study,® which reported that accessory path-
way potentials identified on this basis are inde-
pendent predictors of success during radiofrequency
catheter ablation. However, the techniques used to
identify accessory pathway potentials in this study
have not been validated and as such represent a
limitation to this study.

Determinants of the Site of Conduction Block

In this study, left free-wall accessory pathways
were ablated by positioning the ablation catheter

across the aortic valve and against the ventricular
aspect of the mitral annulus whereas right free-
wall and posteroseptal accessory pathways were
ablated by positioning the ablation catheter on the
atrial aspect of the tricuspid annulus or near the
coronary sinus o0s. Although these two different
approaches might be predicted to result in differ-
ing sites of conduction block, the findings of this
study demonstrate that conduction block occurs
most frequently between the local atrial electro-
gram and the accessory pathway potential, regard-
less of the site of radiofrequency energy delivery,
and that no electrogram parameter or accessory
pathway characteristic was predictive of the site
of conduction block. This observation suggests that
catheter ablation does not result in selective destruc-
tion of the ventricular insertion of the accessory
pathway but is compatible with ablation of the
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Figure 3. Recording obtained at a successful ablation site immediately prior to (left panel) and following (right panel)
radiofrequency energy delivered to a manifest left posterior accessory pathway. Shown are surface leads VI and Il1, and the
intracardiac electrograms recorded at the His-bundle position (HBE) and at the ablation site (ABL) during sinus rhythm,
Prior to ablation, a fractionated atrial electrogram is observed. Following ablation the atrial electrogram has decreased
markedly in size and the large late component has disappeared, suggesting that the atrial electrogram and accessory path-
way potential (asterisk) were fused. This pattern is consistent with conduction block between the atrial electrogram and the

accessory pathway potential.

atrial insertion of the accessory pathway, the acces-
sory pathway itself, both the accessory pathway
and its atrial insertion, or both the accessory path-
way and its ventricular insertion.

The apparent resistance of the ventricular inser-
tion to radiofrequency ablation observed in this
study is unlikely to be explained by the “imped-
ance mismatch”™ hypothesis, which proposes that
the relatively small amount of current that is
conducted through the accessory pathway is unable
to excite the ventricular myocardium because of
the large muscle mass of the ventricle and the pres-
ence of low resistance intercellular connections.®'¢
This hypothesis would predict that the ventricu-
lar insertion of the accessory pathway would be
more vulnerable to anterograde conduction block
than is the atrial insertion or the accessory path-
way itself.

The resistance of the ventricular insertion to
radiofrequency ablation may be explained by the
anatomical observations that accessory pathways
tend to arborize and course apically, away from
the AV valve ring, before inserting into the ven-
tricular myocardium.'"'* The arborization of the
accessory pathway may result in inability of the

relatively small lesion created with radiofrequency
energy to ablate each accessory pathway fiber. Sim-
ilarly, the trajectory of accessory pathways may
result in the ventricular insertion of the accessory
pathway being farther from the ablation catheter
than is the atrial insertion, even when the ablation
catheter is positioned on the ventricular side of the
annulus. It is also possible that the resistance of
the ventricular insertion of the accessory path-
way may result from changes in fiber orientation
at the atrial/accessory pathway junction,'* or may
result from some unknown inherent property of
the accessory pathway itself or of the intervening
tissue.

Although conduction block occurs most fre-
quently between the atrial electrogram and the
accessory pathway potential at all accessory path-
way locations, conduction block between the
accessory pathway potential and the local ven-
tricular electrogram occurs more frequently dur-
ing ablation of posteroseptal accessory pathways
than during ablation of left free-wall accessory
pathways. This difference may be attributable
to the more complex anatomy of the posteroseptal
space.'?
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TABLE 1
Characteristics of Successful Ablation Sites in 85 Patients

Before After
Ablation Ablation

(No. of (No. of
Variable Patients) Patients) P Value
K potential 72 (85%) 8 (9%) < 0.001
CEA 46 (54%) 0 (0%) < 0.001
AoVo (msec) 47 + 17* 101 =34 < 0.001
AaVa (msec) 52+ 19 120 + 46 < 0.001
VoQRS (msec) 15+15 -8+23 < 0.001
VaQRS (msec) -6+19 54 + 21 < 0.001
KoVo (msec) 23+ 13 — —
KaVo (msec) 35+18 — —

AP = accessory pathway; CEA = continuous electrical
activity; AoVo = interval from onset of atrial electrogram
to onset of ventricular electrogram; AaVa = interval from
activation of atrial electrogram to activation of ventricular
electrogram: VoQRS = interval from onset of ventricular
electrogram to onset of the QRS complex; VaQRS = inter-
val from activation of ventricular electrogram to onset of
QRS complex; KoVo = interval from onset of the acces-
sory pathway potential to onset of ventricular electrogram;
KaVo = interval from activation of the accessory pathway
potential to activation of ventricular electrogram.

*Mean + SD.

Comparison with Prior Studies

No prior study has evaluated the site of block
during radiofrequency catheter ablation procedures.

TABLE 2
Electrogram Amplitudes at Successful Ablation Sites

Before After

Variable Ablation Ablation P Value

Left Free Wall Accessory Pathway (N = 80)

A ampl (mV) 0.4+03 04+03 0.5
K ampl (mV) 0.6 0.7 — —
V ampl (mV) 21=13 2112 0.4
A/V ratio 03x03 0.2+0.2 0.3

Right Free Wall Accessory Pathway (N = 20)

A ampl (mV) 0.6+0.6 0.6 0.6 0.5
K ampl (mV) 0.5+0.8 — —
V ampl (mV) G e e 1413 0.3
A/V ratio 1.1%1.7 13418 0.2

Posteroseptal Accessory Pathway (N = 15)

A ampl (mV) 05+04 0.7 +1.1 0.3
K ampl (mV) 0.6+08 — —
V ampl (mV) 1.8+1.7 1.7+1.5 0.4
A/V ratio 0710 1.0+1.2 0.2

A = atrial; K = accessory pathway potential; V = ventricu-
lar; A/V = ratio of the amplitude of the atrial and ventricu-
lar electrogram.

Values are expressed as mean = SD.

TABLE 3
Relationship Between Site of Conduction Block
and Accessory Pathway

Site of Conduction Block

AK KV Unknown

Accessory
Pathway Location (No. of Patients)
Left free wall

(N =50) 40 (80%) 1 (2%) 9(18%)
Right free wall

(N=20) 17 (85%) 2 (10%) 1(5%)
Posteroseptal

(N=15) 9 (60%) 5(30%)* 1 (10%)

AK = conduction block between the atrial electrogram and
the accessory pathway potential; KV = conduction block
between the accessory pathway potential and the ven-
tricular electrogram.

*Conduction block occurred more frequently between the
accessory pathway potential and the ventricular electro-
gram during ablation of posteroseptal accessory pathways
than during ablation of left free-wall accessory pathways.

However, the findings of our study are in con-
trast to those of Kuck et al.,” who demonstrated
that accessory pathway block during atrial pre-
mature stimulation occurs at the ventricular
insertion of left free-wall and posteroseptal acces-
sory pathways. The pathophysiological basis for
the differing sites of spontaneous versus catheter
ablation-induced sites of conduction block remains
uncertain. Furthermore, the inability to precisely
determine whether the atrial insertion, accessory
pathway itself, both the accessory pathway and the

TABLE 4
Relationship Between Site of Conduction Block,
Electrophysiologic Properties of the Accessory Pathway,
and the Relative Amplitude and Timing
of the Local Electrogram

Site of Conduction Block

AK KV Unknown P

Parameter (N=66) (N=8) (N=11) Value
AK/AV

ratio 038+023 0.32+£0.13 — 0.5
AV ratio 049+£096 072+089 081=x1.16 0.5
AP ERP

(msec) 281 =73 263 £ 21 245 + 23 0.2
AP BCL

(msec) 295 + 81 318+ I8 268 + 44 0.6

AK/AV ratio = ratio of interval from onset of the atrial
electrogram to onset of the accessory pathway potential
and the interval from onset of the atrial electrogram to
onset of the ventricular electrogram; AV ratio = ratio of the
amplitude of the atrial electrogram to the amplitude of the
ventricular electrogram at the ablation site; AP ERP = ac-
cessory pathway effective refractory period;: AP BCL = ac-
cessory pathway anterograde block cycle length.



atrial insertion, or both the accessory pathway and
the ventricular insertion is ablated prevents us from
determining whether the atrial or ventricular inser-
tion of the accessory pathway is the preferable site
for delivery of radiofrequency energy.

Study Limitations

There are several limitations to this study. First,
a multipolar coronary sinus catheter was not
used to record accessory pathway potentials
throughout the course of the accessory pathway.
Therefore, the results of this study allow us to
determine only if the site of conduction block
occurred between the atrial electrogram and the
accessory pathway potential or between the acces-
sory pathway potential and the ventricular elec-
trogram that were recorded at the ablation site. A
second limitation is that none of the accessory
pathways in this series were mid-septal or
anteroseptal in location. Therefore, it is not known
whether the results of this study apply to mid-sep-
tal or anteroseptal accessory pathways. A third lim-
itation, as described above, is that the accessory
pathway potentials were not validated with pac-
ing techniques. Thus, this analysis examines the
response of presumptive accessory pathway poten-
tials to ablation.
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