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Objectives. A simple technique was designed for radiofs

patients) of the siow pathway wnhnut affecting anterograde snd

quency ablation therapy of {AV) node

tachycardia.

Background. This technique was hased on the hypothesis that
slow pathway conduction reflects conduction through the compact
node and its posterior atrial input.

Methods. A total of 100 consecutive patients were studied;
there were 37 men and 63 women, with a mean age of 48 x 15
years. All 100 patients had induction of sustained tachycardia with
(51 pati or without (49 of d
enof or atropine, or both, The ablation catheter was llithlly
manipalated to record the largest His bundie deflection from the
apex of Koch’s triangle. It was then curved downward and
clockwise to the area of the compact node when His deflection was
no longer visible and the ratio of atrial to

de fast pathway was d in 82 patients.
Abhtlon or modification of both the retrograde fast pathway and
the slow pathway but with preservation of anterograde fast
pathway conduction was noted in 12 patients. Ablation or modi-
fication of the retrograde fast pathway alone or both anterograde
and refrograde fast pathway conduction was noted in three
patients. Complete AV node block owcurred in three patients.
Seventy-three patients had no induction of echo beats or tachy-
cardia and 24 patients had induction of a single echo beat after
ablation. Follow-up study was performed in 62 patients 76 + 18
days after ablation, Thirty-nine patients had no induction of echo
beatsoruciyurdil,lzmlndlcﬁonofechobutsdmﬂl
pnnem had inducti

was <1. The radiofrequency current was from the 4

ablmonollhesthVnodepﬂlw-y

tip electrode a mean of 5 = 7 times at a power of 25 £ 4 Wor a
duration of 21 + 45, The total fluoroscopic time was 19 11 min.
Results. Selective ablation (56 patients) or modification (26

c-be by a simple procedure with a high success rate
and few complications.
(7 Am Col! Cardiol 1993;21:1612-21)

"

Catheter ablation using current has

au the therapy of cheice in the management of the Wolff-
Parkinson-White syndrome and atrioventricular (AV) node
reentrant tachycardia (1-4). Preliminary results of attempts
to ablate the retrograde fast pathway in AV node reentrant

with preservauon of anterogmde AV conduction.
Our initial experience with this technique in 100 consecutive
patients suggests that it is an effective and safe procedure
with a high success rate and few complications.

tachycardin, although p are usually followed by a

high rate of recurrence of the retrograde fast pathway Methods

conduction. The ablation p dure is time and is Sludy patients. In July 1991, a‘echmque was developed
fi 1y licated by the devel of complete AV in our | y for sel ion of the slow path
block requmng implantation of a permanent k using radiofr current for curative treatmenl of AV

Thus, methods for selective ablation of the slow AV node
pathway are currently being investigated in several labora-
tories (5—9) A simple technique for such ablation developed
in our y allows sel blation of the slow
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node reentrant tachycardia. This study reports our experi-
ence of the initial 100 consecutive patients with the slow-fast
form of AV node ycardia who were referred to
Chang Gung Memorial Hospital for modification ol' the AV
node. The procedure was app i by the 1

Review Board and was in accord with the local ethical
standards. There were 37 men and 63 women, ranging in age
from 18 to 84 years (mean + SD 48 + 15). Three patients had
hypertension, 3 had bronchial asthma and the other %4
patients had no eVIdence of orgamc heart disease. All 100

patients had el (ECG) d ion of
FECUrTENt Sup! icular ‘, dia and all had i
of: ined AV node hycardia (51 patiems with

0735-1097/93/56.00


https://core.ac.uk/display/81973724?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

JACC Vol. 21. No. 7
June 1993:1612-21

A PA B

and 49 p without lministration of isop I or
atropine, or both) during clectrophysiologic study. The
diagnosis of AV node reentrant tachycardia was made
according o previousty described criteria (10-12); these
cniteria were summarized in a recent report from our labo-
ratory (9).

ic study, Al patients gave informed writ-
ten consent for the electrophysiologic study, which was
performed with the patient supine after cardioactive drugs
had been discontinued for =3 half-lives. Four 6F quadripolar
clectrode catheters (USCI 002943) with an interelectrode
distance of 1 cm were introduced percutaneously into the
femoral or internal jugular vein and positioned under
fluoroscopic guidance at various sites of the heart (across
the tricuspid vaive, in the high right atvium, in the right
ventricular apex and in the coronary sinus) for record-
ing of the intracardiac electrogram and pacing. Multiplc
surface ECG leads and mtrdcarduc eleclmgrams from
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Figure 1. Catheter position and electrograms showing the approach
for selective slow pathway ablation. Three quadripolar electrode
catheters were positioned in the high right atrium, across the tricuspid
valve and in the coronasy sinus, respectively. A 7F steerable bulbous
tip quadripolar electrode catheter with a 4-smm distal electrode and
2-mm interelectrode distance between the distal two electrodes was
positioned at the apex of Koch's triangle (A and B) to record the largest
His bundle deflection {€). The tip of the catheter was then curved
inferiorly and clockwise (D and E) until the His bundle deflection was
no longer visible and the atriat elec(mgmm/vemncula: clectrogram
ratio was <1 (F). A = atrial CS = atrial

recorded from the coronary sinus; H = His deflection; HBE = His
bundle electrogram recorded from the His bundie catheter: HRA =
high right atrial electrogram; LAQ = left anterior oblique view; I, AVF
and V, = glectrocardiographic leads I, aVF and V3 PA = postercan-
terior view; RF = His bundle electrogram recorded from the abfation
catheter; V = ventricular deflection. The arrows indicate the tip of the
steerable electrode catheter.

was introduced percutaneously into the femoral vein, ad-

different sites were simul ly displayed and ded  vanced to the right atrium and then positioned across the
on a multichanne! oscilloscopic der (Electronics far id valve. The radiofr y current was provided by
Medicine, VR-16) at a paper speed of 100 or 150 mm/s. The ially availabl rgical {Radion-

pacing stimuli were provided by a digital programmable
stimulator (Bloom Associates, DTU-200) and were approx-
imately twice the diastolic threshold in strength and 2 ms
in duration.

Catheter ablation. A 7F quadripolar steerable electrode
catheter with a 4-mm distal electrode (Mansfield-Webster)

ICS RFG-3C) that dcllvered a continuous unmodulated sine
wave energy at a frequency of 500 kHz with continuous
digital display of the power strength and impedance. The
radiofrequency current was delivered between the tip elec-
trode and a cutaneous dispersive pad that was applied over
the left posterior area of the chest.
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Figure 2, hs and graphic pres:
tion showing the <Tow palhv.'ay ablation site.
AandB, Radxogmphs recorded in the 30° right
an(ermr oblique view. Three 6F quadnpolar
with an de dis-
tance of ! cm were positioned in the high right
atrium within the coropary sinus and across
the tricuspid valve. A, Site where the largest
proximal His bundle deflection was recorded
by the large-tip steerable electrode catheter at
the apex of Koch's triangle. B, Slow pathway
ablation site. Arvow indicates the tip of the
steerable electrode catheter and arrowhead
shows the ostium of the coronary sinus. C,
Graghic representation of the ablation sites in
100 patients. HB = site where maximal prox-
imal His bundle deflection was recorded;
08 = ostium of the coronary sinus; RA (X) =
ablation site; Y = point of the perpendicular
projection of X point on His bundle deflec-
fion~ostium of the coronary sinus fine; I =
ablation site resulted in selective ablation or
modification of the slow pathway: 2 = abla-
tion site resulted in ablation or modification of
both the slow pathway and the retrograde fast

The ablation catheter was initially manipulated to record
the largest proximal His bundie deflection at the apex of
Koch's triangle (Fig. 1, A to C). This was usually achieved at
a site slightly inferior and posterior to the His bundle

pathway; 3 = ablation site resulted in ablation
or medification of the fast pathway; 4 =
ablation site resuited in atrioventricular node
block. See text for discussion.

was not induced, intr infusion of i 1
(1 to 4 ug/min} to achieve a 20% inzrease in smus rate
was performed and the electrophysiologic study was re-
peated. If sustained tachycardla was still not inducible, 1 me

recording site of the regular quadripolar el de cath
The catheter tip was then slowly curved downward in a
clockwise fashion until the His bundle d ion was no

of atropine was given Iy and the el phy
loglc study was agam repealed Only those patients with
i dia underwent cath

longer visible and the ratio of atrial to ventricular defection
was <1 (mean 0.46 2 0.24) (Fig. 1, D to ¥). The radio-
frequency current wa: delivered from the tip electrode
during sinus rhythm under continuous ECG momtonng
Dehvery of the radlofrequency current was di

of a
ablation.
Radiofrequency ablation was performed at the comple-
tion of the control electrophysiologic study Induction of AV

diately if PR or AV block was noted.
Tite catheter tip was typically a few millimeters away
from the site of maximal His bundle deflection and the
ostium of the coronary sinus and was located at the
inferior aspect of Koch's triangle along the tricuspid
anulus. Meticulous care was taken to maintain a stable
catheter position and a constant clockwise torque of the tip
with good tissue contact during delivery of the radiofre-
quency current. If the attempted ablation failed, the same

d d blation site was usually

was rep The

selected in an area at one-third anterior and two-thirds

posterior between the His bundle and the ostium of the
coronary sinus (Fig. 2).

Study protocol and definition. The study 1 and the

node reentrant hycardia with eval of
and gr duction was pted i diately after
each ablation attempt. ful ablation was defined when

1) no induction or induction of only a single slow-fast AV
node reentrant echo beat with no evidence or marked
depression of the de slow p duction was
noted, 2) no induction or induction of only a single slow-fast
AV node reentrant echo beat with no ev1dence or marked
depression of grade fast path was
noted, or 3) a combination of 1) and 2) was noted. The site
where the largest His bundle deflection was recorded from
the large tip catheter and the site of successful ablation were
noted on cinefl ic film in p for, right an-
terior oblique and lef\ pottenor oblique views. Subse-
quently, electrophysiologic studies were performed with
‘ N llowed by i ey

definition of conduction intervals, refractory periods and
dual AV node pathways were similar to those recem.ly
described by our y 9). If i y

ticn of atropine (to a total of 0.04 mg/kg bedy weight) to
ensure SUCCess of the ablation and of propranolol (0.2 mg/kg)

to the effects of autonomic tone after ablation. The
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Table 1. Electrophysiologic Findiugs in 82 Patients With Selective Ablation or Modificz:ion of the Slow Pathway
Anterograde Properties (ms) Retrograde Properties (ms)
CL With 1:1 FP CL With 1:1 FP
Coaduction CL-AVB ERP-FP ERP-SP Conduction ERP-FP
(n=82) (n =82) =352 (=12 (=82 =17
Before 3%+ 82 330 = 60 BT 297 £ 35 358 = 63 366 = 57
After 39 369 + 81 P57 338+ 100 348 = 60 M9+ 40
p value 0.027 0.0001 NS NS NS NS

CL = cyclelength; CL-AVB =
of the fast pathway: ERP-SP = effective refractory period of the slow pathw:

total study time and the fluoroscopic exposure time were
recorded for each patient.

Patients were observed in the hospital for 3 days with
multlple measurements of serum creatine kinase, a two-
di and 24-h y ECG
monitoring. They were then followed up in the clinic with a
repeat el physiologic study duled 2 to 3 months
later. If symptoms of palpitation recurred during the fol-
low-up period, 24-h ambulatory ECG recordings were per-
formed to decument the events.

Data analysis. Data were expressed as mean value = SD
and compared by the Student ¢ test for paired data. A p value
< 0.05 indicated statistical significance. Data before and
after ablation were compared under similar physnologlc
conditions with or without admi of i Lor

ec bul

longest atrial paced cycle tength that induced

d-d block:
node block;

ERP-FP = effective refractory period
ay, FP = rasl pathway.

A,H, curve by atrial extrastimulus testing in 87 patients and
as a discontinuous A,A;, AH, curve by double atrial
extrastimuli in 10 patients. Nine of the 100 study panems
showed a retrograde dual path

quency encrgy was applied a mean of 5 + 7 !lmes {median 2)
at a power level of 25 = 4 W for a duration of 21 + 4. The
total study duration was 121 % 31 min and the fluoroscopic
exposure time was 19 + 11 min. Successful application of
radiofrequency energy was d with the

of junctional tachycardia in all but two patients. Although
low frequency deflections were occasionally observed at
the site of successful ablation, they were not a consistent
finding and their significance was difficult to validate. Pro-
longation of the PR interval was noted in four patients during

T

atropine. Data before ablation and during the late follow -0p
period were compared in the basal state without admi

<.
and complele AV bleck occurred in 3. There were no

the p d diate success was noted in 97 patients

tion of isoproterenol or atropine. Whenever possible, antero-
grade and de refi y periods were
identical driven cycle length.

The site of successful ablation was determined by analy-
sis of cinefluoroscopic film in the right anterior oblique view
{Fig. 2). The distance between the ablation site and the site
where the largest His bundle deflection was recorded and the
distance between the ablation site and the coronary sinus
ostium were measured by usmg a quadripolar electrode
h with an interel of 1 ¢cm as the

The site of was also deter-
mined by drawing a line between the largest His bundle
deflection and the coronary sinus ostium and a perpendicular
line from the ablation site (X point) to the line between the
His bundle deflecticn and the ostium of the coronary sinus
(Y point). The distance between the His bundle deflection
and the coronary sinus ostium was taken as | and the XY,
His bundle-Y, and ostium-Y intervals relative to the His
bundle deflection and the coronary sinus ostium interval
were measured.

Py £l ablat;

Resulls
Anterograde dual patt ph gy was noted in 97
patients. It was d ated as a d \
curve during i ] pacing or as a di AA;,

a-  specific during the p that could predict AV
block in the latter three patients who developed this compli-
pared atan  cation.

Selective ablation or mdiﬁuuou nl‘ the slow pnlhway
(Tahle 1). The slow p: was
ablated with abolition of dual pathway physiology in 56
patients (Fig. 3, A and B and 4); it was modified in 26
patiets (Fig. 5, A and B}. The shorisst atnal paced cycle
length tnat ined 1:1 fast path ion was 396 =
82 and 377 = 89 ms, respecuvely, before and after ablation
{p = 0.027). The longest atrial paced cycle length that
induced second-degree AV blovk was 330 + 60 and 369 =
81 ms, respectively, before and after ablation (p = 0.0001).
The anterograde fast pathway effective refractory period
could be measured before and after ablation in 52 patients
and was 351 £ 76 and 335 = 72 ms, respectively, before and
after ablation (p = NS). The anterograde slow pathway
effective refractory period in the 12 patients with slow
pathway modification was 297 + 35 and 338 = 100 ms,
respectively, before and after ablation (p = NS).

All 82 patients had ventriculoatrial (VA) conduction
through the fast pathway before and after ablation. The
shortest ventricular paced cycle length that sustained 1:1

de fast p: ion was 358 = 63 and 348 =
60 ms. respecuvely, hefore and after ablation (p = NS).
Retrograde fast pathway effective refractory period was

d in 17 patients before and after ablation and was
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Figure 3. Recordings showing selective abla-
tion of the slow pathway. A, Induction of
sustained atrioventricular (AV) node reen-
trant tachycardia before ablation. The atrial
driven cycle length was 600 ms and the A A,
interval was 300 ms; A, was conducted
through the slow pathway with induction of
tachycardia. B and €, Abolition of slow path-

way cond diately afier delivery of
radiofrequency current and during a late fol-

AVF o oer

low-up electrophysiologic study. In B, A, was
blocked in the AV node ot an A, A, interval of

320 ms. In C, A, was coupled 10 a basic atrial

\"“' el -t“"“ - L driven cycle length of 700 ms at an AA,
HRA -lt L) s v W interval of 560 ms and was blocked in the AV
node. HRA,, A, and H, = high right atrial,
Cs -+ N A 2 A tow septal right atrial and His bundle response
’ ‘ ’ ! Y to basic driven stimulus, S,; HRA,, A, and
a a2

= high right atrial, low septal right airial

v and His bundle response to extrastimulus, S,;
~  HRAe, Ae and He = high right atiial, low-
seplal nght atnal and His bundle response
during tachy 0OS = atrial

vecorded from the ostium of the coronary
sinus; PCS = atrial electrogram recorded

from the proximal coronary sinus; other ab-

AVF breviations as in Figure 1.
LU 760 LD 580 82
Vi N 3 N—
. l e " rs -
HRA - 3 ",‘ N—
A oA e A

366 = 57 and 349 £ 40 ms, respectively (p = NS). Sustained
AV node r tachycardia was incucible in all 82
patients before ablation. After ablation, none had inducible
sustained tachycardia and 24 patients had induction of a
single AV node reentrant echo beat (in 10 patients with and
in 14 without isoproterenol infusion).

Ablation or modification of both the slow pathway and the
retroprade fast pathway (Table 2). Ablation or modification
of both the slow pathway and the de fast path

in 2. The shortest atrial paced cycle length that sustained 1:1
fast pathway conduction war 396 * 93 and 381 % 98 ms,
respectively, before and after ablation {(p = NS). The longest
atrial paced cycle length that induced second-degree AV
block was 354 + 78 and 363 * 92 ms, respectively, before
and after ablation (p = NS).

Ventriculoatrial conduction using the fast pathway was
noted in all 12 pauen\s before ablation, but retrograde dual

conduction was noted in l2 pauenls Eleven of !hese 12

patients had dual p: y physiology before ablation. After
blation, dual p: n y physiology ined in four patients
and was abolished in seven. The grade fast pathway

y phy gy was noted in only 4. After ablation, four
patlents lost VA conduction and eight patients had a de-
pressed retrograde fast pa(hway conduction without evi-
dcnce ofslow,. hway grade dual p

conduction was aot affected in 10 patients but was impaired

phy gy was noted in only one patieni. Yhe ‘shartest
ventricular paced cycle length that sustained 1:1 fast path-
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Figure 4. Atrioventricular conduction curve from the same patient
as in Figure 3. showing abolition of dual pathway physiology alter
selective slow pathway ablation. The A, A, coupling intervals are on
the abscissa and A,H, responses on the ordinate; the curve was
generated at an atrial driven cycle length (CL) of 660 ms during the
initial study and of 700 ms during the late follow-up study. Before
ablation, the effective refractory period of the fast and slow pathway
was 350 and <280 ms, respectively. After abiation. the effective
refractory period of the fast pathway was 320 ms. whereas slow
pathway cond was abolished. During late follow-up study,
there was an increase in the effective refractory periad to 560 ms;
stow pathway conduction was not seen. Closed circles = fast
pathway conduction before ablation: apen circles = slow pathway
conduction with induction of tachycardia before ablation: crosses =
fast pathway conduction immediately after delivery of the radio-
frequency current; ciosed triangles = fast pathway conduction
during the late follow-up study.

way conduction in the cight patients with depressed retro-
grade fast pathway conduction after ablation was 333 = 57
and 498 + 109 ms, respectively, before and after ablation
(p = 0.004). The retrograde fast pathway effective refractory
period could be compared before and after ablation in only
four patients and was 440 = 83 and 378 = 95 ms. respectively
(p = NS).

Sustained AV node reentrant tachycardia was inducible
in all 12 patients before ablation. After ablation, none
had induction of AV node reentrant echo beats or tachycar-
dia.

Ablation or medification of the fast pathway. Ablation of
the retrograde and modidication of the anterograde fast
pathway conduction were noted in ore patient, whereas
modification with marked depression of the retrograde with
or without modification of the anterograde fast pathway
conduction was noted in two natients. Each of these
three patients had dual pathway physiology before abla-
tion. After ablation, twe patients continued to show
dual pathway physiology and one patient had abolition
of dual pathway physiology The ahonest mrial paced
cycle length that d 1:1 fast p y fon was
300, 360 and 500 ms before and 370, 330 and 400 ms after
ablation, respectively. The longest atrial paced cycie length
that induced second-degree AV block was <280, 330 and

'U ET AL.
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260 ms before and 350, 330 and 380 ms after ablation,
respectively,

Ventriculoatrial conduction through the fast pathway was
noted in all three patients before ablation, and retrograde
dual pathway physiology was rot noted in any patient. After
ablation, one patient lost VA conduction and two patients
had depressed retrograde fast pathway conduction without
evidence of slow pathway conduction. The shortest ventric-
ular paced cvcle length that sustained 1:f fast pathway
conduction in the two patients with depressed retrograde
fast pathway conduction after ablation was 300 ard 330 ms
before and 480 and 640 ms after ablation, respectively. The
retrograde fast pathway effective refractory period could be
compared before and after ablation in only one patient and
was 360 ms before and 455 ms after ablation.

Sustained AV node reentrant tachycardia was inducible
in all three patients before ablation. After ablation, none
had induction of AV node reentrant echo beats or tachycar-
dia.

Ablation site. The site that resulted in selective ablation
or modification of the slow pathway was 1.6 + 0.6 cm from
the largest His bundle recording site and 2.1 = 0.9 cm from
the ystium of coronary sinus (Fig. 2). The XY, His bundle-Y
and coronary sinus ostium-Y intervals relative to the His
bundle deflection and the corenary sinus ostivm were 0.24 =
0.25, 0.37 = 0.22 and 0.63 = 0.23, respectively. The site that
resulted in abtation or modification of both the slow pathway
and the retrograde fast pathway was 1.7 = 0.8 cm from the
largest His bundle recording site and 2.9 * 1.4 cm from the
ostium of the coronary sinus. The XY, His bundle-Y and the
coronary sinus ostium-Y intervals relative to the His bundle
deflection and the coronary sinus ostium were 0.28 = 0.22,
0.29 * 0.19 and 0.71 % 0.19, respectively. The site that
resulted in ablation or modification of the fast pathway alone
was 1.9 = 0.1 cm from the largest His bundle recording site
and 1.8 = 0.7 cm froin the ostium of the coronary sinus. The
XY, His bundle-Y and the coronary sinus ostium-Y inter-
vals relative to the His bundle deflection and the coronary
sinus ostium were 0.20 + 0.02, 0.52 + 0.12 and 0.48 + 0.11,
respectively. The ablation site that resulted in AV rode
blcck was 1.4 = 0.5 em from the largest His bundle recording
site and 2.1 = 1.4 ¢cm from the coronary sinus ostium. The
XY, His bundle-Y and the coronary sinus ostium-Y inter-
vals relative to the His bundle deflection 2nd the coronary
sinus ostium were 0.24 * .20, 0.32 + 0.19.and 0.68 = 0.19,
respectively. There variables were not statistically different
among the four sites.

Follow-up and late electrophysiologic study (Table 3). The
average follow-up duration was 10 + 2 months (range 7 to
13). Of the three patients with AV block, one received a
permanent implantable pacemaker and the other two were
asymp ic with stable j | rhythm over a period of
10 and 9 months, respectively. In the remaining 97 patients,
there was no inappropriate sinus tachycardia or second- or
third-degree AV block: hewever, PR prolongation was noted
in 2 patients. Two patients reported episodic palpitation; one
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modification of the slow patbway with radiofre-
quency ablation. A, Induction of sustained atrio-
ventricular (AV) node reentrant tachycardia
when A, was coupled to an atrial driven cycle

[\ "\ A A length of SO0 ms at an A, A, interval of 305 ms; A,
ECEEEES was blocked in the fast pathway and conducted

AVF through the stow pathway at an A H, interval of
v 400 ms, B, Ipductiun of only a single AV node
e [E— — - reentrant atrial echo beat immediately after de-

HRA <y l,,l' ,1' Wll Iy livery ot: current. C,_ of
J only a single AV node reentrant atrial echo beat

cs A,J. =t I‘ r ] by triple atrial extrastimuli (A,A;, A,A, and
’ L‘ 4 \ r AjA,, respectively, of 320, 300 and 300 m“sg with

f o M | 42 [ An isoproterencl infusion during the late follow-up

Hee ) '{\ 'L‘l.,i,‘)" ¥ prs i s b study. Note that in both B and C, the slow

C  Late tollow -up , Isoproterencl

pathway was still conducting but was unable to
conduct repetitively. Abbreviations as in Figures
1and 3.
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of them had ECG documentation of paroxysmal atrial fibril-
lation, Follow-up electrophysiologic study was performed in
62 patients 76 = 18 days after ablation. In these 62 patients,

Table 2. Electrophysiologic Findings in 12 Patients With Ablation
ar Modification of Both the Slow Pathway aad the Retrograde
Fast Pathway

Anteragrade Properties (ms) Retrograde Properties (ms)
CL With 1:1 FP CL With 1.1 FP
Canduction CL-AvB Canduction ERP-FP
=12 (0 =12 (n=8) =4
Before 39 = 93 5498 33257 40 = 83
After Bl x98 363 = 92 98 + 109 378295
p value NS NS 0.004 NS

the sinus cycle length was 829 + 148 and 812 = 134 ms, the
AH interval 77 = 18 and 84 = 18 ms and the HV interval
43 = 6 and 43 * 7 ms, respectively, during the control
physiologic study before ablation and the late electro-
phy.ylolegrc study (p = NS). In 38 patients, there was no
of de slow duction during
incremental atrial pacing and single- or double-atrial £xtras-
timulus testing with or without isoproterenol infusion during
the late study (Fig. 3C and 4). In one patient, only slow
pathway conduction was noted. In the remaining 23 patients,
anterograde dual pathway physiology was demonsirated.
The shortest atnal paced cycle length that sustained 1:1 fast
fon in the 61 patients with grade fast

pathwav eonducuon was 453 £ 95 and 458 = e ms,

Abbreviations a3 in Table 1.

, during the control electrophysiologic st.dy
before ablahon and the late electrophysiologic study (p =



JACC vol. 21. No. 7
Jure 1993:1612-21

‘WU ET AL. 1519
SELECTIVE SLOW PATHWAY ABLATION

Table 3. Electrophysialogic Findings Before Ablation and During Late Follow-Up in 62 Patients

Retrograde
Anterograde Properties (ms) Properties (ms)
CL With I:1 FP CL With 21 FP

Sinus CL AH HY Conduction CL-AVB ERP-FP ERP-SP Conduction ERPFP

n=62) {n = 62) n =62} (n =61 (n = 82 (n = 48) =12 (a=4) @=20
Before 879 = 148 e "6 45395 362 = 68 30 *67 285 £ 25 BN 4B =76
Follow-up 812+ 3110 8418 a7 458+ 116 432 £ 109 ot T2 20=*67 400 = 54 380 =8t
p vakie NS NS NS§ NS 0.0601 NS NS 0.006 NS

AH = interval between the atrial and Hs deflections; HV = interval between the His and i ions; other asin Table 1.

NS). The longest atrial paced cycle length that induced
second-d=gree AV block in the 62 patients was 362 * 68 and
432 = 109 ms, vespectively, during the control and the late
electrophysiologic study (p = 0.0001). The anterograde fast
pathway effective refractory period could be din 48

developed cryosurgical techniques for modifying !h:s nssue
These procedures abolished AV node

with preservation of AV conducnon pnmanly by mtermp—
tioe of slow pathway de fast p y
conduction was

patients during the control and the late electroph gl

Hy affected, allhough relmgrade fast

study aad was 320 = 67 and 361 + 72 ms, respectively (p =
NS). The anterograde slow pathway effective refractory
period could be compared in 12 patients who had stow
paihway conduction at the late electrophysiologic study and
was 285 = 25 and 320 * 67 ms, respectively, during the
control and the late study (p = NS).

Retrograde study showed absence of VA conduction in 4
paiients and the presence cf VA conduction through the fast
pathway in 58 patients, 2 of whom also had VA conduction
through the slow pathway. The shortest ventricular paced
cycle length that sustained 1:1 fast pathway conduction in
the 44 patients who had VA conduction through the fast
pathway was 368 + 92 and 400 + 94 ms, respectively, during
the control and the late elec(mphyslologlc study (p = 0.006).
The de fast p y period was
measured in 20 panems and was 418 + 76 and 380 = 81 ms,
respectively, during the control and the late electrophysio-
logic study in these 20 patients (p = NS)

p was i interrupted.
‘wodlﬁcatmn of the AV node reentrant circuit by catheter
techniques. Modification of the AV node by closed chest
technique. Use of a closed chest technique with delivery of
large direct current shocks through an electrode catheter to
the site of carliest atrial activation during tachycardia was
first reported by Haissaguerre et al. (16) and later by Epstem
etal. {17) in 1989. This technique p hed or
impaired retrograde fast pathway conducuon but was fre-
quently associated with various degrees of damage to antero-
grade fast p y and slow p y duction. Dual
pathway physiology was frequently abolished. Although
most patients were free of arrhythmia after the shocks, there
were several disad These included the s
for general anesthesia, occurrence of high grade AV block
and the potential risks of serious side effects due to arcing
and gas formation with the delivery of the high voltage
current. Goy et al. (3) in 1990 and Lee et al. (4) in 1991
reported successful ablation of tachycardia by radiofre-
quency current. With this i a large-tip bl

Sustained AV node ycardi was induced in
one (2%) of the lwo patients with episodic ion. This L d
patient had 1 ablatis wn(h elimina-

tion of the slow palhway conduction by a second trial using
a similar procedure. Induction of a single AV node reentrant
echo heat alone was noted in 22 patients (13 with and 9
without isoproterenol infusion) (Fig. SC). Thirty-nine pa-
tients (63%) (including the patient with documented atriat
fibrillation) continued to have no induction of AV node
reentrant echo beats or tachycardia.

Discussion

Modification of the AV node reentrant circuit by surgery.
Therapy in AV node reentrant tachycardia was largely
dependent on drugs until {979 when Prilchett et al. (13)
fortuitously cured the tachycardia by surgical dissection of
the AV junctional area with prescrvation of AV conduction.
Subsequently, Ross et al. (14) innovated surgical iechniques
for dissecting the perinodal tissue and Cox et al. (15)

catheter was first positioned to record the largest
His bundle deflection during sinus rhythm, and the catheter
was then withdrawn to obtain the largest atrial potential and
the smallest His bundle deflection. Radiofrequency cw:rent
was delivered through the tip electrode. It did not require
general anesthesia and could avoid the side effects caused by
arcing and gas formation with delivery of high voliage
shocks. However, complete heart block still occurred in a
substantial number of patients.
Selective ablation or madification of the slow pathway
usmg radmfrequency energy. This technique has been in-
d in several lab (5-9). Kay et al. (6) deliv-
ered the radiofrequency current to the base of Koch’s
triangle anterior or inferior to the ostium of the coronary
sinus along the tricuspid anulus or within the coronary sinus.
However, the ablation site shown in their representative
illustration was =2 cm away from the cororary sinus and
was closer to the His bundle. Fackman et al. (5) delivered the
radiofrequency current to the right posteroseptal region
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where a discrete sharp deflection was recorded. The mean
duration of the procedure was 8,0 + 2.6 h. Jazayeri et al 7
delivered the radiofrequency current to the p ior
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by Haissaguerre et al. (8) and required a permanent implant-
able pacemaker in 1 of the 80 patients studicd by sackman et

area of Koch’s triangle anterior to the ostium of the coronary
sinus along the tricuspid anulus. If it failed, the ablation site
was moved in a stepwise fashion toward the His bundle.
te et al. (8) delivered the radiofreq y current
to a site where low amplitude slow potentials were recorded.
The site was projecied at the two-thirds anterior one-third
posterior of the area between the His bundle to the coronary
sinus ostium (8). Preliminary reports indicated that these
techniques appeared to be promising, although they were
difficult and the p was time
Present sludy In our study, the radiofrequency current
was delivered to the area of the inferior aspect of Koch's
triangle along the tricuspid anulus, which was several milli-
meters away from the apex of the triangle and the ostium of
the coronary sinus but was closer to the apex of the triangle.
it was projected at the area ore-third anterior two-thirds
posterior between the His bundle and the ostium of the
coronary sinus and was slightly anterior to the site selected
by Haissaguerre et al. (8). The procedure was simple and
could be accompllshed inasingle study sessmn wnh mlmmal
opic

time. It d in

or modification of slow pathway conduction with preserva-
tion of anterograde fast pathway conduction in 82% of
patients. Ablation or modification of both retrograde fast
pathway and slow pathway conduction but with preservation
of ¢ grade fast path d was achieved in 12%
of patients. Ablation or modification of reirograde fast
palhway dlone or of both anlerograde and retrograde fast
din 3%, Thei diate success
rate was 97% and the incidence of complete AV block was
3%. Inappropriate sinus tachycardia reported by others (18)
after catheter ablation was not noted in our study. Late
follow-up electrophysiologic study showed that the effect
was persistent. Sixty-three percent of the patients had no
induction of AV node reeatrant echo beats or tachycardia
during late electrophysiologic study even with isoproterenol
infusion, and 35% of the patients had induction of only a
single AV node reentrant echo beat. Only one patient had
induction of sustained tachycardia and subsequently under-
went successful ablation with the same procedure. This
study also found that complete elimination of AV node
reentrant echo beats appeared to be unnecessary to guaran-
tee a late success; impairment of the slow pathway or
retrograde fast pathway conduction, or both, allowing induc-
tion of only a single AV node reentrant echo beat was also

associated with late success during the follow-up period.
Limitations of the study. This study has several limita-
tions. First, a complication of AV block was noted in 3% of
the patients, This complication was not noted in the 35
patients studied by Jazayeri et al. (7), but it occurred in 1 of
the 34 patients studled by Kay et al. {6) 1 month after
blation and ion of a permanent pace-
maker. It occurred uanSIemly in 1 of the 64 patients studied

al. (5). Jack et al. attributed this complication to the
result of an inadverient movement of the catheter fo the
region of proximat right bundle during application of radio-
frequency current. In the present siudy and that of Hais-
saguerre et al. (8), the current was applied more anteriorly
than in the study of Jazayeri et al. (7). Thus, not delivering
the current near the His bundle (nodo-Hisian area or
NH zone) and checking the catheter position with fluoros-
copy during application of radiofrequency current may be
warrantcd. However, even with such precautions, all AV
node modification procedures carry a potential risk for the
development of heart block. Second, the autonomic tone
may be ch d especially after application of radiofre-
quency current, making comparison of data less valid.
However, the effecic of slow pathway ablation persisted
during the follow-up electrophysiologic studies in our pa-
tients. Third, the follow-up period is still not long enough to
evaluate the long-term results of this procedure in this and
other studies.

Addendum

We have extended our experience in radiofrequency
ablation therapy for AV node reentrant tachycardia using the
same approach in a total of 189 patients. The immediate
success rate was 97.9 (185/189). One additional patient had
the complication of transient AV node block that lasted for
several weeks before normal AV conduction resumed. This
patient was ic without p. implantation
during a follow-up period of 5 months. Thus, the risk of
developing heart block was 2.1% for the total group of 189
patients.
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