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Transcatheter Radiofrequency Ablation of Left-Sided
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Objectives. The purpose of thic study was to unalyze and
compare the local ek recordied at ful and unsuc.
cessful sites of ablation to identify the criteria that may predict

i deliv-

sites and mi 'y

ery.

Background, Transcatheter ablation of accessory pathways
using radiofrequency energy requires extremely precise localiza-
tion of an accessory pathway.

‘Methods. Local electrograms from 50 consecutive patients with
left-sided accessory pathways who nnderwent transcatheter ra.
diofrequency ablation were analyzed. During catheter ablatlon,
localization of accessory pathways was performed in 39 pathways
during pre-excited sinus rhythm znd in 14 pathways during
orthodremic tachycardia. A total of 429 local el gr: at

0.05). When mapping was performed during pre-excited sinus
rhythm, a combination of four variables (that is, an accessory
pathway potential, stability of local electrograms, atrial activation
>1 mV and ventricular activation preceding the onset of the delta
wave) showed a 62% probability of success, In contrast, excluding
these variables resulted in a 95% probability of failure (noneffec-
tive or transiently effective). The prospective study shows that the
use of these criteria can significantly reduce the number of current
ppli When ing was p d during or
tachycardia, recording the earliest atrial activation was the most
powerful predictor of success. A stable local electrogram with a
small notch on the ventricular potential, presumed to be an
accessory pathway potential, may add predictive value,
Conclusions. T oo

tarp:! sites obtained before delivery of radiofrequency current
was analyzed. A prospective study vias performed in another 20
patients using the criteria derivei from ihe refrospeciive study.
Results, Accessory pathway conduction block was achieved in
36 (92%) of 39 pathways in which mapping was performed during
pre-excited sinus rhythm and in 9 {64%) of 14 pathways in which
mapping was performed during orthodromic tachycardia (p <

sblation is highly

effective in the treatment of patients witk icit-sided accessory

Specific istics of local can be

important predictors of success or failure, Mapping during pre-

excited rhythm renders ablation more effective than does mapping
during orthedromic tachycardia.

(J Am Coll Cardiol 1992;20:656-65)

Transcatheter ablation of accessory pathways using radio-
frequency currert has recently been reported (1-4) to have a
success rate of 90%. Because radiofrequency energy can
induce only a small superficial lesion (5), ablation using this
energy requires extremely precise localization of the acces-
sory pathway. Recording of accessory pathway potential has
recently been shown (6-10) to be feasible and useful in
ablation of an accessory pathway. However, delivery of
radiofrequency energy (o the site where a presumed acces-
sory pathway potential is recorded often has no effect or
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induces only a transient block of accessory pathway conduc-
tion, The purpose of the present study was 1o analyze and
compare the local electrograms recorded at successful and
unsuccessful sites of ablation to definc criteria for selection
of appropriate target sites.

Methods

Study patients. From January 1990 to July 1991, 50
consecutive patients with 53 left-sided accessory patbways
underwent transcatheter radiofrequency ablation in our lab-
oratary using a protocol that was approved by the Hospital
of the University of Miinster Ethics Committee. There were
17 female and 33 male patients with a mean age of 36 + 14
vears (range 15 1o 68). The indications for catheter ablation
were ineffective drug therapy of symptomatic spontaneous
tachyarrhythmia related to the accessory pathway, intolera-
ble side effects of antiarrhythmic drugs during long-term
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therapy and potential sudden cardiac death in the setting of
fast ventricular response during atrial fibrillation or flutter.
Forty-three accessory pathways were located in the left free
wall; 10 were in tihe Ieft posteroseptal regmn any one
patients had ifest pre-excitation ( y
pathways) on the surface electrocardiogram (ECG) and nine
had concealed accessory pathways.

Electrophysiologic study. After written informed consent
was obtained, electrophysiologic studies were performed
with the patient in the postabsorptive nonsedated state, by
using conventional techniques of intracardiac recording and
stimulation previsusly reported from our laboratory {11
Briefly, multipol r electrode catheters were introduced per-
cutaneously from peripheral veins and positioned into the
high right atrium, coronary sinus. His position and right
ventricular apex. The stimulation protocol included the
intreduction of single (and rarely double) premature stimuli
in the high right atrium at cycle lengths of 600 and 373 ms and
right ventricular apex at cycle lengths of 500, 430, 370 and
330 ms. Anterograde conduction properties of the accessory
pathway were assessed by incremental atrial pacing. begin-
ning at a rate just exceeding the sinus rate until accessory
pathway conduction block occurred: retrograde condiiciion
of the y P y was d by incremental
ventricular pacing. A concealed palthway was diagnosed
when there was no pre-excitation during sinus rhythm or
during pacing in the right atrium and coronary sinus.

Mapping technique, A 7F Polaris catheter (quadripolar
catheter with 5-mm interelectrade spacing and a 4-mm long,
large tip electrode, Mansfield Scientific, Inc.} was used in
most patients. A HAT-260 bipolar catheter (temperature-
controlled bipolar catheter with a 4-mm long, large tip
electrode and S-mm interelectrode spacing [Dr. Osypka
GmbH] was used in three patients. Both catheters were used
for mapping as well as ablation. With the Seldinger tech-
nique, electrodes were inserted percutaneously into the right
femoral artery. Under biplane fluoroscopic guidance, elec-
trodes were then advanced and positioned against the mitral
valve anulus, directly opposite the electrode of the coronary
sinus catheter, which was placed at the site of the accessory
pathway determined by recording the earliest retrograde
atrial activation during orthodromic tachycardia. An eight-
chaunel thermorecorder (Schwarize, Uniscript UD 210,
Picker International GmbH) was used for simuitaneous
recording uf four surface ECG leads (I, I, V, and V) and
endocardial electrograms at a paper speed of 100 or
206 mm/s. Bipolar endocardial electrograms obtained by
means of the ablation catheter were recorded with ar ampli-
fication of 10 or 20 mm/mV and a filter bandwidth of 20 to
500 Hz.

Pathways were localized in 37 patients with 39 manifest
accessory pathways during sinus rhythm or during atrial
pacing if there was no prominent pre-excitation on the
surface ECG. In nine patients with concealed accessory
pathways and in the first four patients with manifest acces-
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sory pathways, mapping was performed only during ortho-
dromic tachycardia.

Radiofrequency cusrent application. The radiofrequency
generators Dr, Osypka GmbH HAT-100 (in the first 28
patients) and HAT-200 S (in the last 22 patients) were used to
deliver energy through the ablation catheter. Both radiofre-
quency generators deliver a continugus sinusoidal unmodu-
lated waveform with alternating frequencies of approxi-
mately S0 kHz and maximal output power of S0 W. Energy
was delivered in a unipolar mode beiween the tip of the
ablation electrode and 2 10 X 16-cm? external backplare
electrode. The preset power output was 15 to 30 W and
preset time ranged from 20 t0 30 s. If there was no effect after
several current applications or poor contact between the
catheter electrode and the endocardium was suspected, or
both, or afier a current appiication that induced only tran-
sient accessary pathway block, the preset power output and
pulse duration were increased to 50 W and 30 to 60 s.
respectively. When there was significant pain during current
application or current breakdown due to an increase in
impedance. power output was reduced. When a tempera-
ture-controlled catheter was used, the temperature was set
between 70° and $0°C.

All patients underwent predischarge electrophysiclogic
studies 4 to 7 days afier the ablation session. The ablation
procedure was considered successful only when both antero-
egrade and retrograde accessory pathway conduction were no
longer present as determined by atrial and ventricelar pro-
grammed stimulation at the end of the ablation procedure
and at the predisch: electrophysiologic study. A i
effect was defined as return of pathway cenduction after an
effective energy application during the ablation procedure.
ineffective current applxcauon was defined as no change in
accessory pathway cc after radiofreq y current
application.

Measurement of local endocardial electrograms. Eadocar-
dial electrograms of the 5 beats immediately preceding
delivery of radiofrequency current were analyzed. Electro-
grams were categorized mto lh.ee groups according to 1he
effects of energy appli gl from
sites, sites with transient effects and noneffective sites. If
two or more energy applications were performed at one site,
it was considered as one site.

Definition. Accessory pathway potentials were consid-
ered to be present during pre-excited sinus beats or during
atrial pacing if 1) there was a discrete potential between local
atrial and ventricular activation during sinus rhythm or after
an atrial extrastimulus with pre-excitation (Fig. 1A}; 2) the
potentiai preceded the anset of delta wave; 3) the accessory
pathway potential disappeared after effective energy appli-
cation (Fig. 1B} or 4) during atrial extrastimulation when
conduction block occurred over the accessory pathway (Flg
2):and 5) the y pathway 1 from
sites had the characteristics of 1), 2) and 4) and a configura-
tion and timing similar to those recorded from effective sites.

Lacal electrograms of the § beats before energy delivery
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Figure 1. A, Recording of an accessory pathway potential in a
patient with left lateral and posterior free wall pathways. During
sinus rhythm, the electrogram was recorded from the posterior free
wall region. After local atrial activation, a monophasic slurrcd
potential appeared that presumed to he an accessory pathway
potential but was not separate from the local atrial potential. After
an atrial extrastimulus. three smaif slurred deflections wete re-
corded that wese clearly separate from locat atrial and veatricular
activation. B, Endocardial electrograms from the same patient at the
same site after radiofrequency current application (power 30 W,
pulse duration 20 5) successfully interrupted the accessory pathway,
The lacal atrial potential maintained its timing and configuration and
the assumed accessory pathway potential disappeared after energy
application. This finding confirmed that the origin of the potential
was the accessory pathway. The second accessory pathway 2-cm
from the ablated pathway was also interrupted after an additional
radic equency application. A = local atrial aclivation; AP =
accessory pathway potential; LV = left ventricle; ST = stimulus;
V = local ventricular activation.

were analyzed for determination of their stability. Electro-
grams were idered ble if the amplitude of the atrial
or accessory pathway potential chaneed by >10%, a deflec-
tion of local electrograms disappeared or a new deflection
appeared.

The following variabies were mcasured in cases of man-
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Figure 2, Surface elect i and endocardial el

from a paticat with a posteroseptal accessory pathway. A large
potential after the local atrial potential was recorded and was presumed
to be an accessory pathway potential. It appeared before the delta
wave but could not be separated from the local atrial and ventricular
potentials. The presumed accessory pathway potential disappeared
with the della wave after a premature stimulus in the right atrium
blocked conduction of the accessory pathway. The interval from onset
of the atria! potential to onset of the ventricular polentiai (AV)
prolonged from 50 to 270 ms. Abbreviations as in Figure 1.

ifest accessory pathways recorded during sinus rhythm or
atrial pacing (Fig. 3): amplitude of local atrial activity and of
the accessory pathway potential; duration of the accessory

Figure 3. of ! at ablation site
(see text for definitions). A-AP = interval from onset of the atrial
potential to onset of the accessory pathway potential; AP-V =
interval from onset of the accessory pathway potential to onset of
the ventricular potential: other abbreviations as in Figures 1 and 2.
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Table 1. Compariscn of Locat Electrograms in Successful. Transiently Effective and Noneffective

Sites by Mapping During Pre-excited Rhythm

Transiently
Suecessful Effective Noneffective
Sites Sites Sites

n =36} (n=48) in =229 [ e P
AP potential 29 {81%) 30(63%) 0.09 0.0t 0.05
Stability 34 (9495 30 (63%) 140 /1%y 0.006 0.0002 8.52
aA = 1mV 29 (81%) 28 (58%} 108 (47%) 9.036 0.6002 021
V delta = 0 ms 31 (84%) 26 (54%) 142 (62%) 0.502 0.003 030

aA = amplitudes of local airial electragrams: AP = accessory pathway: py = p valve between successfl and

transiently cffective sites: p.
eifective and noneffective si

value between successful and noneffective sites; p; = p value between transiently
¥ delta = © ms = vnset of local venisicular activation eastier than or simultaneously

with the anset of the delta wave on the surface electrocardiogram.

pathway potential; interval from the onset of the atrial
potential to the onset of the accessory pathway potential;
interval from the onset of the accessory pathway potential to
the onset of ventricular activation; interval from the on<et of
the local atrial potential to that of the ventricular p i

p were calcu-

curacy of univariate and
lated.

For validation, the multivariate predictor function was
applied prospectively in the last 20 consecutive patieats with

and interval from the onset of local ventricular activation to
that of pre-excitation on the surface ECG. The onset of a
potential was defined as the first deflection from baseline
with the slope >45° at a paper speed of IO() mmys (12). The
ratio of the itude of the Y P ial to
that of the local atrial potential and the ratio of lhe amplitude
of the local atrial potential to that of the local ventricular
potential were alsa calculated. In the unstable electrograms,
a mean value was ca!cu‘ated for the last 3 beats.

PR .
manife ssory p

feft-sid s who underwent ra-
diofrequency ablation i1 our laboratory.

Results

In 42 and 8 patients, respectively, one or two ablation
procedures were performed. Forty-five (83%) of 53 acces-
sory pathways were successfully interrupted by radiofre-
quency catheter ablation. Accessory pathway biock was
achieved in 36 (92%) of 39 manifest accessory pathways in

For electrogr d during orthod which was pecformed during pre-excited sinus
dia, only an isolated potcntla.l between ventricular and amal rhythm and in 9 (7 with concealed and 2 with manifest
was idered as a possibl pathways) (64%) of 14 y pathways in which
pmenual as no validation was perfonned with premature was performed during orthodromic tachycardia (p < 0.05).

b of the cathe-  Data were obtained for all 42 ful and 16 essful

of p
ter. The intervals from the begmmng of the QRS complex on
the surface ECG 1o the p Yp
and to the earliest amal activation were measured The
criteria for stability of electrograms were the same as for
manifest pathways.

Statistical analysis, Basic comparative statistics were cal-
culated by using the chi-square test with the Fisher exact test
or a two-tailed ¢ test for independent mean values. Contin-
uous data are presented as mean value = 1 SD.

To determine which variables were independently predic-
tive of success or failure, the correiation between the indi-
vidual variables and the results of current application were
analyzed. Variables that were predictive of success or failure
at p < 0.10 on the basis of univariate analysis were used for
stepwise logistic regression analysis by using the Statistical
Packagc for the Social Scxencc (SPSS) pmgrams The “faﬂ-
ure”” group included the and

ablation procedures.

A total of 429 local electrograms performed before deliv-
ery of radiofrequency current were recorded and analyzed,
including 45 from ful sites, 62 from iently effec-
tive sites and 322 in noneffective sites (mean 8.8 + 7.4
electrograms per ablation). Electrograms were further clas-
sified into those with manifest or concealed accessory path-
ways.

Comparisen of the electrograms from successfuf, tran-
siently effective and nomeffective sites during pre-excited
rhythm. A total of 313 e]ectrogrdms was recorded during
ablation of manift b with ing dur-
ing pre-excited sinus rhythm ‘Characteristics of the local
electrograms from different ablation sites are summarized in
Tables 1and 2.

Accessory pmhway potential (Table 1). The accessory

tive groups. The variable that was significant, had an |nde-
pendent predictive value and was best able to improve the
value of the discrimination criteria was selected. Sensitivity,
specificity, positive and negative predictive values and ac-

P y p ded by means of the ablatmn cathe-
terwasa hasic or multipk discrete d fon that
appeared before the delta wave on the surface ECG, with a
duration between 10 and 20 ms and an amplitude between 0.3

and 2 mV (Fig. LA). It disappeared after effective energy
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Table 2. Comparison of M of Local Ek at , Transiently Effective
and Noneffective Sites
Transiently
Successful Effective Noneffective

Sites Sites Sites P P ps
aA (mV) 14 44 1.17 £ 0.63 0.97 + 0.68 0.10 0.0001 0.13
aAP (mV) L1 =084 0.86 + 0.43 0.75 + 0.41 0.12 0.04 038
aAPRA 093 £ §.41 085 x 0.96 = 0.68 0.46 0.83 043
aAfaV 0.15+ 0.18 0.14 = 0.18 0122021 078 048 0.68
A-AP (ms) 34+ 13 7 £15 9+9 0.42 0.15 078
A=V (ms) 3+14 S7£19 59+13 039 013 0.62
AP-V {ms) 20=+5 23+8 HEX] 0.12 .31 0.37
V delta (ms) “2%4 -4x8 ~5x7 0.34 011 0.17

4AP = amplilide of accessory pathway potential; A-AP =

interval from onset of the atrial potential to onset of

the accessory patuway potential; aAP/aA = ratio between amplitude of the accessory pathway potenlial and the atrial

potential; aAfaV =

iatio between amplitude of the atrial poteatial and amplitade of the ventricilar potential; A-V =
interval from onset of the atrial potential to onset uf the venlncular potenti

P-V = inlerval betwezn onset of the

accessory pathway potential to onset of el

application (Fig. 1B) or a premature stimulus (Fig. 2).
Recognition of an accessory pathway potential is relatively
easy if the patient has an intermittently anterograde conduct-
ing accessory pathway (Fig. 4). Pacing the right atrium or
coronary sinus is very useful for identifying accessory path-
way potential in some patients without pre-excitation during

other as in Table 1.

were recerded and in 7 (58%) of 12 attempts in which no

y pathway p ial could be i (p < 0.05).
Accessury pathway potentials were recognized at 29 (81%)
of 36 successful site: in comparison with 30 (63%) of 48 at
transnemly effective sites (p = 0.09) and 96 (42%) of 229 at
ive sites (p = 0.0004).

sinus rhythm (Fig. 5). Recording at a paper speed of
200 mm/s and activating the amplitude limit of the amplifiers
often made it easier to recognize and distinguish the acces-
sory pathway potential from local atrial or losal ventricular
activation.

Accessory pathway p were T
dated in 32 (73%) of 44 ablation p dures by

d and vah—

Electrogram stability (Table 1). Only 2 (6%) of 36 suc-
cessful sites showed an unstable electrogram, including one
recorded during atrial flutter, which itself may be responsible
for an unstable electrogram. In contrast, 18 transiently
effective sites (37%) and 89 noneffective sites (39%) demon-
strated an unstable local electrogram (p = 0.006 and 0.0002,

during pre-gxcited sinus rhythm. Success was achieved i in 29
(91%) of 32 in which yp

Figure 4. Endocardial electrograms from a 24-year old patient with
@ history of recurvent paroxysmal supraventricular tachycardia
related to a left-sided accessory pathway. The accessory pathway
conducted intermittently during sinue rhythm and complete block

occlirred during atrial pacing at 120 beats/min. During incremental
ventricular pacing, the accessory pathway conducted reirogradely
up to 230 beats/min. In the posteroseptal reginr, a large

P Y)

Figure 5. Surface el m and endocardial el

from a patient with a left lateral fi free wall pathway. In this patient,
there was no pre-excitation during sinus chythm and no accessory
pathway potential (AP) was recorded (first heartbeat), even dnnng
right atrial pacmg Premature snmulus {ST) in the coronary sinus
induced p {second ). A multipha-
sic pmemlal was recorded at this site, which started before the delta
wave and was presumed to be an accessory pathway potential.

potential with an amplitude of 2 mV and a duration of 20 ms between
local atrial activation and local ventricular activation was recorded
during pre-excited beats, which disappearcd with a nonpre-excited
beat. Radiofrequency current delivered at this site at a power output
of 20 W and a preset time of 20 s resulted in permanent block of the
accessory pathway, Abbreviations as in Figure 1.

..... i EIAS
w WJUI»?f U \./N P J\I\ J\Up\__

energy application at 30 W for 30 s at this site
achieved complete block of the accessory pathway. Other abbrevi-
ation as in Figure I.
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Table 3. Univariate Predictor of Dutcome in Ablation of Left-Sided Accessory Pathways

Sensitivity  Specificity Positive Pre Negative Predictive Accuracy
¥4 (3] Value (%) (o2
AP potential ) 5l e 92 i6
Stability 96 15 jal 97 62
aAz1mv 84 49 3 9 44
Vdelta = 0 ms 75 4 2% 88 45

Abhrevialions as in Table 1.

Electrogram amplitudes (Tables 1 and 2). The amplitude
of the local atrial potential was significantly higher at suc-
cessful ablation sites. An atrial potential amplitude >1 mV
was Mmzaswmed at 29 (81%) of 36 successful sites compared
with 28 (58%; ot 48 at transiently effective sites (p = 0.036)
and 108 (47%) at noneffective sites (p = 0.0002). The
amplitude of the accessory pathway polential was also
significantly higher at successful siies than at transiemtly
erfective and noneffective sites {(mean 1.1 = 0.8 vs. (.86 =
0.43 and 0.75 = 0.41 mV. p = 0.12 and 0.004, respectively).
There were no significant differences in the ratio between the
amplitude of the accessory pathway and that of the atrial
potential and the ratio between the amplitude of the atrial
potential and that of the ventricular potential among the
three groups.

Electrogram intervals (Table 2). There were no significant
differences in the interval from the onset of atrial activation
to the accessory pathway potential and to the onset of
ventricular activation among the three groups. The interval
between the onset of the accessory pathway potential and
the onset of the ventricular potential was also similar among
ihe three groups. The onset of ventricular activation before
the delta wave on the surface ECG was found at the majority
(84%5) of successful sites compared with 54% of transiently
effective sites {p = 0.002) and 62% at noneffective sites {p =
0.003).

Univariate analysis. Four variables correlated with the
success of current application: an accessory pathway poten-
tial, stability of local electrograms, atrial activation >( mV
and onset of ventricular activation before the delta wave.
Table 3 lists the predictors of success at the p < 0.05 level
and shows the sensitivity, specificity and the positive and
negative predictive value of univariate function. No single
variable was predictive of successful ablation with an ac-
ceptable accuracy. The best single variable was the presence
of an accessory pathway potential, with 82% sensitivity,
51% specificity, 27% positive predictive value, 92% negative
predictive value and an overail accuracy of 56%.

Mullivariate analysis. To improve the predictive value of
individual predictors, stepwise discriminant amalysis was
applied 10 construct a multivarizte predictor functicn. A
combination of airial potential amplitude >1 mYV, stability of
local electrograms, cais of y pathway p ial
and onset of ventricular activation before the delta wave has
80% sensitivity, 79% specificity, 62% positive predictive

valug and 95% negative predictive value. The overall accu-
racy was 78%.

Prospective study. In our last 20 patients with manifest
left-sided accessory pathways. radiofrequency current was
applied only at the sites where the local electrogram fulfilled
at leasi three of the four criteria. Suceess was achieved in 19
(95%) of 20 cases. A mean of 4 * 5 cuiment applications
{median 2) was nceded to achieve accessory pathway block.

Temperature-monitored ablation. In three patieats,
tempzrature-controlled ablation catheters were used during
the procedure. Thirty-one electrograms obtained before de-
fivery of current were analyzed from these patients. The
temperature i d to a preset ¢ al 16 {76%) of
21 sites where a stable electrogram was recorded but at only
1 site where an ustable electrogram was recorded. At 6 of
10 unstable sites, the mean temperature was <50°C. The
temperature at the unstable sites increased slowly to a
maximal temperature {Fig. 6)in 15 + 8 s compared with 6 *
5 s at stable sites (p < 0.01).

Characteristies of electrograms recorded during orthodro-
mic tachycardia. In the first four patients with manifest
accessury pathways and in nine patients with 10 concealed
accessory pathways. the mapping procedures were per-
formed during orthodromic tachycardias. A total of 116
electrograms were analyzed (9 from suceessful sites, 14 from
transiently effective sites and 93 from neneffective sites.
Stable ¢lectrog: were ded at all successful sites, 9
(64%) of 14 transiently effective sites and 60 {65%) of 93
noneffective sites (p < 0.001). A possibte accessory pathway
potential was seen at 30 sites (6 [67%] of 9 successful sites,
7 [50%] of 14 transiently effective sites and 17 [18%] of 93
noneffective sites), which was often only a small notch on
the end of the local ventricular activation curve (Fig. 7). No
attempt was made to validate these signals by yremature
stimulation because this often induces displacement of the
catheter. A possible accessory pathway potential was not
recorded during any of the failed ablation attempts. The
mean interval from the onset of veniricular activation to the
onset of the possible accessory pathway potential at these 30
sites was 58 = 14 ms. The interval between the onset of
ventricular activation and the earliest atrial activation was
significantly shorter at suceessiul sites compared with non-
effective sites (68 + 17 vs. 83 = {7 ms, p < 0.01), but no
significant differences were observed between successful
sites and transiently effective sites (68 £ 17 vs. 72 £ 15 ms).




662 CHEN ET Al
RAD[OI‘R!‘()UENC\' ABLATION OF THL

A58 N G612 W 80.1 °C ol Qo

90 m§

[ o

T H
W) \ :
i amt

60 Qﬂﬂ:

L T T 2
T 46 B 1012 1616 16 20 R U B A DD N Ieivzs

—

35.8 W 341.6 Hs 8D.1°C 751 "2

3

+.CESSORY PATHWAY

JACC val. 20, No. 3
September 1992:656-65

Figure 7, Local electrogram from a patient with a left lateral free
wall concealed pathway. During orthodromic tachycardia, a small
notch on the local ventricular potential was recorded. It was
presumcd to be an ccessory pathway potential. Delivery of a

- Eccl radicfrequency pulsc ai ibis site terminated the tachycardia and
: achieved complete block of the accessory pathway. Abbreviations
o0 as in Figore 1.
-
! pulses and transient block of pathway was again induced at
@) the remamning 35 sites.
- Follow-up. After an average of 11 + 13 months, acces-
! sory pathway conduction resumed in four patients (9%). All
EH pathways were successfully ablated during repeat ablation
H procedure.
10
ST R B & @ & W w s PV Discussion
Figure 6. Simull dings of power (P), impedance (R} and _ Precise loc OEaYL ) s P ay1s an ;srie".'
catheter tip temperature (T) during two current applications in 2  lial prereq for ur vi-

palient with a lefl posteroseptal accessory pathway. For bolh
applications, the temperature was presel at 30°C. Panel A was
recorded at a site with unstable focal el The

ously, the site of an accessory pathway was inferred from
the localization of the earliest atrial activation during reen-

curve was also very unstabie. Although the power oulput was very
high (mean 28.7 W, 861 J), the temperature increased slowly and the
mean tcmperature was only 52°C. No effect was noted after this
current application. Panel B was recorded at the same site but with
stable local eleclrorams recorded. The temperature reached the
preset temperature of 80°C in 8 s and persisted until the end of
cuivent application with a relative lower outpul {mean 7.9 W, 238 J),
Complete accessory pathway corduction block was achieved after
this current application.

The ampiitude of {ocal atrial activation and of possible
ace y pathway [ ials was not d because
most of these potentials were obscured within the ventricu-
{ar efectrogram. Stepwise logistic statistical analysis was not
performed because the number of patients in this group was
taa small.

Repeat energy applications at transiently effective sites.
Forty-one repeat energy applications with higher output or
longer pulse duration. or both, were made after a transiently
effective pulse without a change in catheter position. Perma-

trant tach dia. Direct ¢ dings of A%
potentials can be obtained from a catheter position in close
proximity to an accessory pathway and may be more reliable
for localizing the pathway. [solaled case reports {13-17) of
direct ding of ials were lim-
ited to nght-snded pathways’ ln 1988, Jackman etal (7 8)
reported the ng of Y p y
potentials in 45 of 49 left-sided pathways by using a specially
designed catheter in the coronary sinus. However, this
catheter is not feasible for catheter ablation because of its
very small electrodes; in addition, delivery of current in the
coronary sinus may induce severe damage. Recently (1-4},
radiofrequency ablation of Jeft-sided pathways from the
ventricular insertion was ach‘evcd with a high success rate.
Direct ding of yp y ials by ablation
catheters in the left ventricle has been shown to be feasible.
However, delivery of energy to those regions where acces-
sory pathway polentials are presumed often is not effective
or only transiently interrupts accessory pathway conduc-
tion. Therefore, the purpose of our study was to identify the
characteristics of local electrograms that would identify

nent block of the y pathway was achieved after 1
repeat pulse, no effect was observed after anather S repeat

| sites and establish criteria that are predictive of
and minimize y current delivery. To the
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best of our knowledge, only limited data have been reported
(10) on the characteristics of local electrograms during
radiofrequency ablation of accessory pathways.

Successfu! ablation of accessory pathways using radio-
frequency energy depends on 1) precise localization of
pathways, and 2} adequate delivery of radiofrequency cur-
rent to the pathways. The latter is infl d by the size of
the distal electrode of the ablation catheter, the comtact
between the catheter and the endocardivm, the heart cham-
ber used for delivery of current, the actual delivered crergy
and the radiofrequency generators used. Analysis of local
electrograms not only identifies the critevia for localization
of accessory pathways, but also may yicld criteria that may
reflect the contact between the catheter tip and the endocar-
dial surface.

Predictive values of local electrogram. Our study shows
that the local electrograms obtained at successfully ablated
sites are clearly different from those obtained at unsuccess-
ful sites. Several individual variables correlated with suc-
cessful ablation, but the best individual variable (that is,
recording of the accessory pathway potential) had only a
27% positive predictive value. However, when multivariate
analysis was used, a higher prediztive value for success was

hieved. Delivery of radiofrequeacy emergy to a site where

a stable electrogram with an accessory pathway potential
was recorded with the amplitude of atriat activation >1 mV
and where ventricular activation had occurred before the
onset of the delta wave had a 62% probability of success. In
contrast, without these features, a probability of 95% failure
{noneffective or transiently effective) can be expected. Our
pective study has confirmed that using these cmena can
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The temperature necessary for coagulation of biologic tissue
varies between 60° and 100°C (18-20). In our experience
using temperature-monitored catheier ablation with radio-
frequency energy at the sites where unstable electrograms
were recorded, the temperature at the tip of the catheter
increased slowly and the average temperature often did not
exceed S0°C. The temperature curve also appeared unstable
(Fig. 6). which may explain why an unstable local electro-
gram often predicts failire cf energy application.

Amplitude of atrial potentisls. The results of this study
show that the amplilude of atrial potentials is an important
predictor of success in ablation of left-sided accessory
pathways at the ventricular site of insertion. A large atrial
potential recorded in the ventricle suggesis that the catherer
is ciose 1o or against the atrioventricnlar (AV) ring which is
just the route of the accessory pathway. Experimental
studies have shown (21) that displacement of the ablation
catheter by as little as 3 to 5 mm from the mitral anulus
results in a verv small amplitude of the atrial potential and
renders it unsuitable for ablation. Thus, the ablation catheter
should be inserted as close as possible to the mitral anulus to
record the largest atrial potential.

Comparison with other studies. Recertly, Haissaguerre ot
al. (22) reported the electrographic patterns in ablation of
accessory pathways by using bipolar and unipolar record-
ings. However, their results are not comparable with those
in the present study because they used direct current energy,
which can induce much larger lesions than those induced by
radiofrequency energy (5). In contrast to ablation with
radiofrequency energy, extremely precise localization of the

SIgmﬁcantly reduce the number of current appt
Characteristics of the accessory pathway potential dunng
pre-excited sinus rhythm. In most cases, the accessory path-
way potential that was recorded by the ablation catheter at
successful sites during pre-excited rhythm had a relatively

pathway may not be i for direct current ablation.
Second. direct current energy is delivered within several
milliseconds. Therefore, stability of the catheter and good
contact between the catheter and endocardium are less
critical for direct current ablation thzn for ablation using

i

sharp deflection in contrast to an atrial p ial, which

normally hasa smonth curve. [n some cases the accessory
p { was not dissociated from local atrial or

ventncular activation, resulting in so-catled continuous ac-

tivation. A critically timed pr imulus may

it from other components of the local elec(rogram (Flg lA)

Disappearance of the presumed

T quency energy. Furthermore, the most prediciive
variables in our study were not included in their study with
bipolar r gs (22). Thus, prospectively lled stud-
ies using blpolar and unipolar recordings should be per-
formed to refine the criteria for ablation using radiofre-
quency energy.

Y P
after an effective energy application {Fig. 1B) or after a
premature stimulus (Fig. 2) confirms the origin of this
potential. Recognition of an accessory pathway potential is
relauvely easy lf the patient has an intermittently an-

y pathway (Fig. 4). Pacing the
nght atrium or coronary sinus is very useful in identifying an
accessory pathway potential in some patients without pre-
excitation during sinus rhythm (Fig. 5).

Stability of electrograms. An unstable electrogram often
suggests paor contact between the catheter and endocardial
surface. It may either induce an increase in impedance,
which inhibits the further delivery of energy, or preven the
development of sufficient temperature at the ablation site.

El hic intervals. [n contrast to the findings of
Haissaguetre et al. (22), there were no significant differences
in the interval from the onset of atrial activation to the onset
of ventricular acti b the ful and failed
sites. A possible reason for this is that Haissaguerre et al.
(22) did not attempt to validate the accessory pathway
potential. Thus, in some patients, the measured interval
between the atrial and the ventricular potential may not
represent a real interval between these potentials hut could
signify an interval between the atrial potentia! and the
accessory pathway potential, which may result in a shorter
measured interval between the atrial and the ventricular
potential. Our resuits showed that the accessory pathway
potential presented more frequently at successful sites,
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which may result in a shorter interval between atrial poten-
tial and ventricular potential.

Mapping during orthodremic tachycardia. In our study,
ablation was performed during orthodromic tachycardia in
the first four patients with manifest accessory pathways and
in nine patients with 10 concealed accessory pathways. The
success rate was significantly lower than that with mapping
during pre-excited sinus rhythm. Recording of the carliest
atrial activation was still the most important criterion in
ablation of concealed accessory pathways. A presumed
accessory pathway potential that was often only a small
notch on the ventricular potential (Fig. 7) was recorded in 6
{43%) of 14 cuses during orthodromic tachycardia. In con-
trast, an accessory pathway potential validated by prema-
ture stimulation was recorded in 32 (73%) of 44 cases by
mapping during pre-excited sirus rhythm. All presumed
accessory pathway potentials recorded during orthodromic
tachycardia were found during successful procedures; none
were seen during unsuccessful procedures. These results
suggest that il is relatively difficult to record, recognize and
validale accessory pathway potentials during orthodromic
tachycard.a, Localization of an accessory pathway mainly
on the basis of recording the earl’est atrial activation is not as
precise as ing with direct ding of y path-
way potentials during pre-excited sinus rhythm. Stability of
the electrogram also plays an imporfant role in ablation of an
accessory pathway when mapping during orthodromic
tachycardia.

Transient effects. The transient effects of energy applica-
tion have been observed (23-26) during ablation of the AV
junction and accessory pathways using direct current or
radiofrequency energy. In our study, the results of measure-
ments al lransiently effective sites ranged between those
obtained at successful siies and at noneffective sites. This
finding suggests that these sites might not be far from the
pathways. Thus, repeating current application using 2 higher
output and fonger pulse duration at transiently effective sites
may produce permanent block of an accessory pathway. In
contrast to this expectation, only 1 of 41 of repeated pulses
with higher energy achieved permanent success. In the
single successful case, displacement of the catheter could
not be excluded because a slight change in local electro-
grams before delivery of the repeat pulse was noted. Thus,
applying a repeat current pulsc with higher energy after a
transiently effective pulse without performing new mapping
of the nccessory pathway location does not seem to be
useful.

Limitaiions. Not all accessory pathway potentials were
validated by fiterventions such as premature stimulation,
especially at some noneffective sites and in paticnts with
concealed accessory pathways. However, our study has also
shown that detection of accessory pathway potentials based
on the coufiguration of and time relation to other potentials
(atrial, ventricular) could also be an impoitant predictor,
even in ablation of concealed accessory pathways. Thus, it
may nol be essential to validate these accessory pathway
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polentials using stimulation maneuvers that may markedly
prolong the procedure and cause displacement of the cathe-
ter.

Cumulative effects of radiofrequency pulses on the acces-
sory pathways could not be excluded in some cases with
relatively broad pathways. Because radiofrequency current
can induce only a smail lesion, more than one current
application might be needed to achieve complete block of
accessory pathways in cases with a ‘‘thick accessory path-
way.” Thus, some local electrograms recorded from effec-
tive sites might be classified as having come from noneffec-
tive sites, which might obscure the difference between
successful and unsuccessful sites. However, our results
suggesi that this may not have a major influence on the
results because there were still significant differences be-
tween electrographic measurements from noneffective and
effective sites. Furthermore, our prospective investigation
confirmed that the criteria derived from this study are useful
and reliable.

The findings in this study were obtained only from
left-sided accessory pathways that were ablated at the ven-
tricular site of insertion. Thercfore, the results cannot be

ded to right-sided y pathways, which are ab-
lated at the atrial side in most institutions. A prospective
investigation to determine electrographic criteria that predict
successful ablation of right-sided accessory pathways is
warranted.

Conclusions. The results of this study suggest that
1y iranscatheter radiofrequency ablation is highly effective in
the treatment of patients wish left-sided accessory pathways;
2] certain characteristics of local electrograms have an
important role in predicting the success or failure of catheter
ablation; 3) mapping during pre-excited rhythm renders
ablation more effective than does mapping during recipro-
cating supraventricular tachycardia in patients with manifest
pre-cxcitation; and 4) applying a repeat current pulse with
higher energy after a transiently effective pulse without
performing new mapping of the accessory pathway location
does not scem 1o be useful.
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