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Catheter ablation using radiofrequency current has emerged 
as the therapy of choice in the management of the Wolff. 
Parkinson-White syndrome and alriovenlricdar (AV) node 
reentrant tachycardia (l-4). Preliminary results of attempts 
to ablate the retrograde fast pathway in AV node reentrant 
tachycardia, although promising, are usually followed by a 
high rate of recurrence of the retrograde fast pathway 
conduction. The ablation procedure is time consuming and is 
frequently complicated by the development of complete AV 
block requiring implantation of a permanent pacemaker. 
Thus. methods for selective ablation of the slow AV ncde 
pathway are currently being investigated in several labora- 
tories (Z-9). A simple technique for such ablation developed 
in our laboratory allows selective ablation of the slow 

pathway with preservation of antercgrade AV conduction. 
Our initial cxxrience with this technique in IW consecutive 
patients suggests that it is an effective and safe procedure 
with a high success rate and few complications. 

Methods 
Study pottentv. In July 1991, a technique was developed 

in our laboratory for selective ablation of the slow pathway 
using radiofrequency current for curative treatment of AV 
node reentrant tachycardia. This study reports our experi- 
ence ofthe initial IO0 consecutive patients with the slow-fast 
fona of AV node reentranl tachycardia who were referred to 
Chang GUI& Memorial Hospital for modification of the AV 
node. The pmcedure was approved by the institutional 
Review Board and was in accord with the local ethical 
standards. There were 37 men and 63 women, ranging in age 
from Ill to It4 years (mean 2 SD 48 f IS). Three patients had 
hypertension, 3 had bronchial asthma and the other 94 
patients had no evidence of organic heart disease. All 100 
&ienis had electrocardiogmph% (ECG) documentation of 
recurrent supraventricular tachycardia and all had induction 
of sustained AV node reentrant tachycardia(51 patients with 
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and 49 patients without xlndnistration of isoproterenal or 
atrapine. or both) during clcctrophysiologic study. The 
diagnosis of AV node reentrant tachycardia was made 
according to previously described criteria (10-12): these 
c&ria were summarized in a recent report fmm our labo- 
mtw (9). 

EkclmphysMegic Wy. All patients gave informed writ- 
ten cottsent for the electrophysiologic study, which was 
pelformed with the patient supine after card&active drugs 
had been discontinued for a3 half-lives. Four6F quadrioolar 
electrode catheters (USC1 M12943) with an int&l&ode 
distance of I an were introduced percutaneously into the 
femoral or internal jugular vein and positioned under 
Auoroswpic guidance at various sites of the heart (across 
the tricuspid valve, in the high right atrium, in the right 
venlricular apex and in the coronary sinus) for rccord- 
ing of the intracardiac elecuogram and pacing. Multiple 
surface ECG leads and intracardiac elecrrogmms from 
ditlerent sites were simultaneously displayed and recorded 
on a multkhannel oscilloscopic recorder (E!ectmnics for 
Medicine, VR-16) at a paper speed of 100 or IS0 mmls. The 
pacing stimuli were provided by a digital programmable 
atimula~or (Bloom Associates. DTU-20)) and were approx- 
imately hvice the diastolic threshold in strength and 2 ms 
in duration. 

Catketer ablatic.n. A 7F quadripolar steerable electrode 
catheter with a 4-mm distal electrode (Man&d-Webster) 

was introduced penutaneously into the femoral vein, ad- 
vanced to the right atrium and then positioned across the 
tricuspid valve. The radiofrequency cunettt was provided by 
a commercially available electrosurgical generator (Radion- 
ics. RFG-ICI that delivered a continuous unmodulated sine 
wave energy at a frequency of 500 kHz with continuous 
digital display of the power strength and impedance. The 
radiofrequency cul~ent was delivered between the tip elec- 
trade and a cutaneous dispenive pad that was applied over 
the left posterior area of the chest. 
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The ablation catheter was initially manipulated to record 
the largest proximal His bundle deflection at the apex of 
Koch’s triangle (Fig. I, A to 0 This was usually achieved at 
a site slightly inferior and posterior to the His bundle 
recording site of the regular quadripolar electrode catheter. 
The catheter tip was then slowly curved downward in a 
clockwise fashion until the His bundle detlection was no 
longer visible and the ratio of atrial to ventticular deflection 
was <I (mean 0.46 i 0.24) (Fig. I, D t” F). The radis 
frequency current wac delivered from the tip electrode 
during sinus rhythm under continuous ECG monitoring. 
Delivery of the radiofrequency current was discontinued 
immediately if PR prolong&~ or AV block was noted. 
The catheter tip was typically a few millimeters away 
from the site if maxim2 His. bundle deflection and the 
ostium of the coronary sinus and was located at the 
inferior aspect of Koch’s triangle along the wicuspid 
anulus. Meticulous care was taken to maintain a stable 
catheter position and a constant clockwise torque of the tip 
with good tissue contact during dolivery of the radiufre- 
quoncy current. If the attempted ablation failed, the same 
procedure was repeated. The ablation site was usually 
selected in a” area at one-third anterior and two-thirds 
posterior between the His bundle and the ostium of the 
coronary sinus (Fig. 2). 

Study protoeol and d&uitii. The study protocol and the 

ngure 2. Radiogdphs and wphic prestnta- 
don showing the -‘ow pathway ablation site. 
AandB, Radiopphs recorded in the 3O’right 
anterior oblique view. Three 6F quadripolar 
electrcde catheters with an interelectrode dis 
t~ce of ! cm were pasitianed in the high right 
arrium within the coronary smus and acrosb 
the tricuspid valve. A, Site where the lugesl 
proximal His bundle deflection was recorded 
by the large-tip steerable electrede catheter at 
the apex of Koch’s triangle. B, Slow pathway 
ablation she. Arrow indicates the fip of the 
steerable electrode catheter and armwhcnd 
shows the ostium of Ihe coronary sinus. C, 
Graphic representation ofthe ablation sites in 
100 patients. HB = site where maximal pmx- 
imal His bundle deflecdon was recorded; 
OS 5 0sdLq of the mronary sinus; RA (X1 = 
ahladon site; Y = pain1 of the arpendicular 
projection of X paint on His bundle dcflec- 
lion-ostium of Ihe coronary sinus line; I 5 
abledon site resulted in selective ablation or 
modification of the slow pathway: 2 = abla- 
don site resulted in ablation or modificadon of 
both Lhe slow pathway and the retrograde fast 
pathway: 3 = aMadun site resulted in ablation 
or modification of the fast phway: 4 - 
ablation site resulted in atrioventrkular n&e 
bhxk. See text for discussion. 

was not induced. intravenous infusion of isoproterenol 
(1 to 4 rcglmin) lo achieve a 20% inxease in sinus rate 
was performed and the electrophysiologic study was re- 
peated. If sustained tachycardia was still not inducible, I mg 
of atrapine was given intravenously and the elcctmphysio- 
logic study was again repeated. Only those patients with 
induclion of a sustained tachycardia undemmt catheter 
ablation. 

Radiofrequency ablation was performed at the comple- 
tion of the control electrophysiologic study. Induction of AV 
node reentrant tachycardia with cvaluarion of anterogmde 
and retrograde conduction was &tempted immediately after 
each ablation attempt. Sueeessful 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 anrerograde slow pathway conduction was 
nored. 2) no induction or htduction of only u single slow-fast 
AV “ode reentrant echo beat with no evidence or marked 
depression of retrograde fast pathway conduction was 
noted, or ;) a combination of I) 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 cinefluoroscopic film in posteroanvxior. right an- 
terior oblique and left posterior oblique views. Subse- 
quently, electmphysiologic studies were performed with 
isoproterenol infusion followed by intravenuus adndnistm- 
lion of atropine (to a total of 0.04 mglkg body weight) to 
ensure success of the ablation and of propra”olol(0.2 mg/kg) 

definition of conduction intervals. refractory periods and 
dual AV node pathways were similar to those ncentiy 
described by our laboratory (9). If sustained tachycardia to evaluate the effects of autonomic tme after ablation. The 



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

Patients were observed in the hosoital for 3 davs with 
multiple measuremeuts of serum c&tine kinase. a two- 
dimensional echocardiogram and 24-h ambulatory ECG 
monitorina. They were then followed UD in the clinic with a 
repeat ele&ophysiologic study scheduled 2 to 3 months 
later. ff symptotns of palpitation recurred during the fol- 
low-up period, 24-h ambulatory ECG recordings were per- 
formed to document the events. 

Data aaafysis. Data were expressed as mean value ? SD 
and compared by the Student t test for paired data. A p value 
< 0.05 indicated statistical significance. Data before and 
alter ablation were compared under similar physiologic 
conditions with or withoutadministration of isopmterenol or 
atropine. Data before ablation and durina the late follow-up 
per&d were compared in the basal state without admini&- 
tion ofisoproterenoloratropine. Whenever possible, antero- 
grade and retmgrade refractory periods were compared at an 
identical driven cycle length. 

The site of successful ablation was determined by analy- 
sis of cineiluoroacopic film in the right anterior oblique view 
(Fit!. 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 using a quadripolar electrode 
catheter with an interelectrode distance of I cm as the 
reference. The site of successful ablation was also deter- 
mined by drawing a line between the lurgest 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 deflection and the~ostium of the coronary sinus 
(Y point). The distance between the His bundle deflection 
and the coronary sinus ostium was taken as I and the XY. 
His bundle-Y, and ostium-Y intervals relative to the His 
bundle deflection and the coronary sinus ostium interval 
were measured. 

ReSUlts 

Anterograde dual pathway physiology was noted in 97 
patients. It was demonstrated as a discontinuous AA, AH 
ewe dwfng incremental pacing or as a discontinuous A,A,, 

AIHl curve by atrial extrastimulus testing in 87 patients and 
us a discontinuous A,A,, A,H, curve by double atriaf 
extrastimuli in 10 patients. Nine of the 100 study patients 
showed a retrograde dual palhway physiology. Radiofre- 
quency energy v& applied a mean of 5 2 7 times (median 2) 
at a uewer level of 25 -C 4 W for a duration of 21 + 4 s. The 
totdstudy duration was 121 * 31 min and the Ruomscapic 
exposure time was 19 f; 11 min. Successful application of 
ladiofrequency energy was associated with the occurrellce 
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 diicnb to validate. Pro 
longation of the PR interval was noted in four patients during 
the procedure. Immediate success was noted in 97 patients 
and complete AV block occurred in 3. There were no 
specific variables during the procedure that could predfft AV 
block in the latter three patients who developed this compli- 
cation. 

Sefeetive abfatien or nmdbieatiun of the slow Pathway 
(Table 1). The slow pathway conduction was selectively 
ablated with abolitiod of dual pathway physiology in 56 
patients (Fig. 3. A and B and 4); it was mod&d in 26 
pabrats (Fig. 5, A anti 6). Tne shofiest atrial paced cycle 
length mat sustained l:I fast pathway conduction was 3% f 
82 and 377 2 89 ms. respectively, before and after ablation 
ip = 0.027). The longest atrial paced cycle length that 
induced second-degree AV block was 330 + 60 and 369 f 
81 ms, respectively. before and atIer ablation fp = O.MiOI). 
The anterograde fast pathway effective refractory period 
could he measured before and after ablation in 52 patients 
and was 351 t 76 aad 335 2 72 ras, respectively, before and 
after ablation (p = NS). The antemgmde slow pathway 
e5ective refractory period in the I2 patients with slow 
pathway modification was 297 t 35 and 338 + 100 ms, 
respectively. before and after ablation fp = NS). 

All 82 patients had ventriculoatrial (VA) conduction 
through the fast pathway before and after ablation. The 
shortest ventricular paced cycle length that sustained I:1 
retrograde fast pathway conduction was 358 t 63 and 348 + 
613 ms. respectively, before and atIer ablation @ = KS). 
Retrograde fast pathway effective refractory period was 
measured in 17 patients before and after ablation and was 
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Figure 3. Recordings showing selective abla- 
tioe of the slow pathway. A, Induction of 
sustained atrioventricular (A?4 nade reen- 
went tachycadii before ablation. The atrial 
driven cycle tength was MXI ms and the A,& 
interval wns IW ms: A. was conducted 
through the slow pathway*with induction of 
tachvcardia. II and C. Abolition of slow nath- 
way;onduction imm;diately afterdeliv& of 
radiofrequency current and during a lite fol- 
low-up electrophysiologic study. In B, AZ was 
bloEkcd in the AV node at an A,A2 interval of 
320 mr. In C, AZ was cwpled to a basic atrial 
driven cycle length of 100 ms at a” A,A, 
interval of 560 ms and was blocked in the AV 
node. WA,, A, aad H, = high right atrial, 
low reptal right atrial and His bundle response 
to basic driven stimulus. S,: f-IRA,, A, and 
Hz = high right atrial. low septal right atrial 
and His bundle nrponsc to extrastimulus, S,; 
HRAe. Ae and He = high right aldal. low- 
septtd right atrial and His bundle response 
during tachycardia. OS = atrial electrcgam 
recorded from the ostium of the eomnary 
sinus: PCS = atrial electrogrsm recorded 
from the proximal coronary sinus: other ab- 
breviations as in Figure 1. 

366 ? 57 and 349 r 40 ms, respectively (p = NS). Sustained 
AV node reentmnt fachycardia was inducible 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 IO patients with and 
in 14 without isopmterenol infusion). 

Ablation or modifiealion of bath the slow palhway and Ihe 
retmgrade fast pathway (Table 2). Ablation or modification 
of both the slow pathway and the retrograde fast pathway 
conduction was noted in I2 patients. Eleven of these 12 
patients had dual pathway physiology before ablation. After 
ablation, dual pathway physiology remained in four patients 
and was abolished in seven. The anterograde fast pathway 
conduction was i)ot tiected in !O patients but was impaired 

in 2. The shortest atria1 paced cycle length that sustained I: I 
fast pathway conduction waf 3% f 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). 

Ventticuloatrial conduction using the fasl pathway was 
noted in all I2 patients before ablation, but retrograde dual 
oathwav ohvsioloev was noted in only 4. After ablation. four 
&et& iod VAionduction aad eight patients had a de- 
pressed retmgrade fast pathway conduction without evi- 
dence of slow pathway conduction; retrograde dual pathway 
physiology was noted i? only one patier.;. ‘i’he shortest 
ventricular paced cycle length that sustainel l:I fast path- 
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Figwe 4. Auiovcnuicular conducuon curve from the same pat,en, 
as in Figure 3. showing abolition of dual ~atbwy pbysiolosy atkr 
selective slow pathway ablation. The A,& coupling mtervals are on 
the absctt and A.H, responses on the ordina,e: rbe CWYE \*es 
generated at an at&l driven cycle length CCL, of WI ms during the 
initial study axd of 7tHl ms during the late followup study. Before 
ablation. thee!Tecdve refractory wricd afthe fast and slow pathway 
was 350 and <?80 ms. rerpectiu~ly. After abiatton. the effective 
refractory pried of the fast pathway was 320 ms. whereas slow 
pathway conduction was abolished. Dwinp Me follow-up study. 
there was an increase in the e!Tective refractory period to 564 ms: 
stow pathway conduction war pot seen. C&d rircta = far! 
pathway conduction before ablation: ap” rirctes = stow pathway 
conduction with induction oftachwrdia before ablation: c- = 
fart pathway conduction immediately after delivery of the ndn- 
frequency curreot: rtwed triangta = fast pathway condurtion 
during the late follow-up study. 

way conductton in the tight patients with depressed retro- 
grade fast pathway conduction after ablation was 333 2 57 
and 4% + 109 ms. respectively. before and after ablation 
(p = 0.034). The retrograde fast pathway effective refractory 
oeriod could he cornoared hefore and after ablation in onlv 
iour patients and w&440 ? 83 and 378 + 95 ms. respectiveI; 
(p = NS). 

260 ms before and 350, 330 and 3SO ms after ablation, 
respectively. 

Venuxuloarrial conduction through the fast pathway was 
noted in all three patients hefore ablution. ad retrograde 
dual pathway physiology was oat noted in any patient. Aner 
ablation. one patient lost VA conduction and two patients 
had depressed retrograde fast pathway conduction withoa 
evidence of slow pathway conduction. The shonest ventric- 
ular paced cycle leneth that sustained l:I fast pathway 
condktion in the two patients with depresxd retrograde 
fast ptathway conduction after ablation was MO asd 330 ms 
before and 480 and 640 ms after ablation, respectively. The 
rctrogmde fast pathway effective refractory period could be 
compared before and after ablation in only one patient and 
was 3ho ms before and 455 ms after ablation. 

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

Ablation sile. 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 ustium of coronary sinus (Fig. 2). The XY, His bundle-Y 
and coronxy sinus ostium-Y intervals relative to the His 
bundle dctkctton and the coronary sinus ostium were 0.24 Z 
0.25,0.37 2 0.22 and 0.63 f 0.23. respectively. The she that 
resulted in ablation or modification ofboth the slow pathway 
and the retrograde fast pathway was 1.7 + 0.8 cm from the 
largest His bundle recording site and 2.9 + I .4 cm from the 
ostium ofthc 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 i 0.22, 
0.29 -c 0.19 and 0.71 + 0.19. respectively. The site that 
resulted in ablation or modification of the fast pathway alone 
wa I .9 c 0.1 cm from the largest His bundle recording site 
and 1.8 I 0.7 cm from the osiium of the coronary sinus. The 
XY. His bundle-Y and the coronary sinus astium-Y iuter- 
vuls relative to the His bundle deklection and the coronary 
sinus ostium were 0.20 f 0.02.0.52 f 0.12 and 0.48 * 0.11. 
respectively. The ablation site that resulted in AV node 
blcck was I .4 i 0.5 cm from the largest His bundle recording 
site and 3. I + 1.4 cm from the coronary smus ostium. The 
XY. His bundle-Y and the coronary sinus ostiumY inter- 
vals relative to the His bundle deflection and the coronary 
sinus ostium were0.24 + 0.20.0.32 + 0.19and 0.68 t 0.19. 
respectively. Thece variables were not statistically different 

Ablalion or umdiftcation of the fast pathway. Ablation of 
the retrograde and modkication of the anterograde fast 
pathway conduction were noted in one patient. whereas 
modification with marked deoression of the retmeradc with 
or without modification of ihe anterogrude fast pathway 
conduction was noted in two patients. Each of these 
three patients had dual pathway physiology before abla 
tion. After ablation, two patients continued to show 
dual pathway physiology and one patient had abolition 
of dual pathway physiology. The shortest atrial paced 
cycle length that sustained I: I fort paihway conduction WE 
300,360 and 500 ms before and 370. 330 and 400 ms after 
ablation, respectively. The longest atrial paced cycle length 
that induced second-degree AV block was CZl70. 330 and 

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

am&g the four sites. 
Follur.up and late electrophyshdogic study (Table 3). The 

average follow-up duration was IO + 2 months (range 7 to 
13). Of the three patients with AV block, one rcceivcd a 
permanent implantable pacemaker and the other two were 
asymptomatic with stable junctional rhythm over a period of 
IO and 9 mouths, respectively. In the remaining 97 patients, 
there was no inappropriate sinus tachycardia OF second- or 
third-degree AV b&k: however. PR prolongation was noted 
in 2 patients. Two patients reported episodic palpitation; one 



of them had ECG documentatioo of paroxysmal atria1 tibril- 
lation. Follow-up electraphysiologic study was performed in 
62 patients 76 + 18 days after ablation. In these 62 patients, 

Table 2. Electropbysiologic Findings in 12 Patients With Ablation 
or Alodifixaioo of Both the Slow Pathway asd the Ret!ograde 
Fast Pathsa” 

Flgve 5. tleeordings fmm a p&nt showing 
medb%&ion of the slow pathway with tiofre- 
qeency ablation. A, led&don of sustained atri+ 
ventricular (AV) node reentrant tacbycardia 
wbcn A2 war ceepled to an atria! driven cycle 
length ofSM)mnatanA,A,intervaof3Mms;A, 
was blacked in the fast pathway and conducted 
tbrwgb tbe stew pathway at an AJ& interval of 
4&l ms. B, Induction ef only a single AV node 
reentrant atrial echo beat immediately atler de- 
livery of mdiofrcqacocy correct. C, Induction of 
only a single AV r&e reentrant atrial echo b-eat 
by triple atrial extrastimeli (A,A,. A#, nnd 
A& respectively, of 320. UIO and 300 at@ with 
ilopmterenol infusion daring the late fol!+.w-up 
study. Note that in botb B wd C, the slow 
pathway WB ,$tt conductin!+ t$ was ,onablc to 
pn$o;! repetawely. Abbnwaboas as ID F&we8 

the sinus cycle length was 829 + 148 and Xl2 ? 136 ms, the 
AH interval 77 2 I6 and 84 f 18 ms and the HV interval 
43 f. 6 and 43 + 7 ms, respectively. during the control 
electroohvsiolocic study before ablation and the late electm- 
phyaioio& study @ i NS). In 38 patients, there was no 
evidence of aoterogmde slow pathway conduction during 
incremental atria1 pacing and sin& or double-atrial extras- 
timulus testing with or without isoproterenol iofusioo during 
the la% study @ii. 3C and 4). In one patient, only slow 
pathway cottdttctiott was noted. In the remaining 23 patients, 
an~eroarade dual pathway physiolw was demowwated. 
The shortest &al-paced ;y&lengthihat sustained I:I fast 
pathway conduction in the 61 patients with antemgrade fast 
pathway mnduction was 453 * 95 sod 458 t Ii’ ms, 
respectively, during the ~ntrol electrophysiologic st, dy 
before ablation and the late electrophysiolcgic study (p = 



NS). The :ongest atrial paced cycle length that induced 
seconddtgree AV block in the 62 patients was 362 2 68 and 
432 _t 109 ms. respectively. during the control and the late 
electrophysiologic study (p = O.ooOl). The anterograde fast 
pathway &ectwe refractory period could be compared in 48 
patients during the control and the late electrophysiologic 
study and was 323 i 67 and 361 f 72 ms. respectively (p = 
NS). The anterograde slow pathway effective refractory 
paiod could be compared in 12 patients who had slow 
pathway conduction at the late electrophysiologic study and 
was MS t 25 snd 320 2 67 ms, respectively. during the 
control end the late study (p = NS). 

Retrograde study showed absence of VA conduction in 4 
p&n’s and the presence of VA conduction through the fast 
pathwrj in 58 patients, 2 of whom also had VA conduction 
through the slow pathway. The shortest ventricular paced 
cycle length that sustained I:I fast pathway conduction in 
the 44 patieuts who had VA conduction thmuah the fast 
pathway was 368 + 92 and 4&l t 94 ms, respectiieiy. during 
the control and the late electmphysialogic study !p = 0.006). 
The retrograde fast pathway e&&e refractory period was 
measured in 20 patients and was 418 + 76 and 380 * 81 ms. 
respectively, during the control and the late electroohvsio- 
logic study in these 20 patients @ = NS). 

Sustained AV node reentrdnt tachycnrdia was induced in 
one (2%) of the two patients with episodic palpitation. This 
patient subsequently bad successful ablation with elimina- 
tion of the slow pathway conduction by a second trial using 
a similar proeedurr. Induction ofa single AV node reenhant 
echo beat alone was noted in 22 patients (13 with and 9 
without isoproterend infusion) (Fig. SC). Thirty-nine pa- 
tients (63%) (including the patient with documented atrial 
fibrillation) continued to have no induction of AV node 
reentrant echo beats or tachycardia. 

Discussion 

Madilic8lion ai the AV node reenlmt circuit by surgery. 
Therapy in AV node reentrant tachycadia was lxgely 
dependent w drugs until 1979 when F’ritchett et al. (13) 
fotluitously cured the tachycxdudia by surgical dissection of 
the AV junctional area with preservation of AV conduction. 
Subsequently, Ross et al. (14) innovated surgical techniques 
for dissecting the pxinodal tissue and COY. et al. (15) 

developed cryosurgical techniques for modifying this tissue. 
These procedures abolished AV node reentrant tachycardia 
aith preservation of AV conduction primarily by intermp 
tior of slow pathway conduction. Anterograde fast pathway 
conduction wus minimally affected, although retrograde fast 
pathway conduction was sometimes interrupted. 

Mudificution of the AV node reenlmnt circuit by e&&r 
techniques. Mod$carion of the AV node by closed ckesr 
leckniqar. Use of a closed chest technique with delivery of 
large direct current shocks through an electrode catheter to 
the sire of earliest atrial activation during tachycardia was 
first reported by Haissaguerre et al. (16) and later by Epstein 
et al. (I?) in 1989. This technique preferentially abolished or 
impaired retrograde fast pathway conduction but was fre- 
quently associated with vuriousdegiees ofdamage toantero- 
grade fast pathway and slow pathway conduction. Dual 
pathway physiolagv was frequently abolished. Although 
most patients were free of arrhythmiaafter the shocks. there 
were several disadvantages. These included the requirement 
for general dneo!hesia, occurreoce of high grade AV block 
and :he potential risks of wious 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 taehycardia by mdiifre- 
quency current. With this technique, a large-tip steerable 
electrode 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 de&&ion. RadioFrequency cuxent 
was delivered thugh the tip electrode. It did not require 
general anesthesia and could avoid the side &xts caused by 
arcing and gas formation with delivery of high voltage 
shocks. However, complete heart block still wcurred in a 
substantial number of patients. 

Selective ablarion or m&cation of Ike slow pafkwr:~ 
using radiofrequency energy. This technique has been in- 
vestigated in several laboratories (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 conmay 
sinus along the tricuspid anulus or within the coronary sinus. 
However, the ablation site shown in their representative 
illustration was 22 cm away t?om the coro”& sinus and 
was closer to the His bundle. Jackmao et al. (5) delivered the 
radiofrequency current to the right posteroseptal region 



where a discrete sharp deflection was recorded. The mean 
duration ofthe procedure uar 8.0 * 2.6 h. Jazayeri et al. 17) 
delivered the mdiofreqoency current to the pateroioferior 
areaofKoch’s triangleantetiortothe ostium ofthe coronary 
sinus along thz tricuspid anulus. If it failed, the ablation site 
was moved in a stepwise fashion toward the His bundle. 
Haissaguerre et al. (8) delivered the radiofrequency current 
toasite where low amplitude slow potentials were recorded. 
The site was projected 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 
dificult and the procedure was time consuming. 

Presenr study. In our study, the radiofrequency torrent 
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 one-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 accomplished in a single study session with minimal 
Ruoroscopic exposure time. It resulted in selective ablation 
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 
ofanteroarode fast oathwav cooduction was achieved in 12% 
of patie& Ablation or~modificaiion of retrograde fast 
Pathway alone or of both anterograde and retrograde fast 
pathway conduction occurred in 3%. The immediate success 
rate was 97% and the incidence of complete AV block was 
3%. Inappropriate sinus tachycardia reported by others (IS) 
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 reentrant 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 sttbseque~rttly under- 
went successful ablation with the some procedure. This 
study also found that complete elimination of AV node 
reentrant echo beats appeared to be “nneces~ary 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 ~occess dorinp. the follow-up period. 

Limitation8 of the study. This stody has se&al limita- 
tions. First. a comolication of AV block was noted in 3% of 
the poti&. This*complication was not noted in the 35 
patients studied by Jazayeri et al. (7). but it occurred in 1 of 
thr 34 patients studied by Kay et al. (6) I month after 
ablation and required implantation of a permanent pace- 
maker. It occurred tmnsiently in I of the 64 patients studied 

by Haissaguerre et al. (8) and required a permanent implant- 
able pacemaker in I ofthe 80 patien:s studied by ackman et 
al. (5). Jackman et al. attributed this complicatios to the 
result of an inadvertent movement of the catheter to the 
region of proximal tight bundle during application of radio- 
frequency c”rreot. In the present study and that of Hais 
sagoerre et al. (S), 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 
warraotcd. However, even with such precautions, all AV 
node modification procedures carry a potential risk for the 
development of heart block. Second, the autottomic tone 
may be changed especially after application of radiofre- 
quency current, making comparison of data less valid. 
However, the effectr of slow pathway ablation persisted 
during the follow-up electmphysiologic stodies 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 OUT experience in radiofrequency 

oblation 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 additiooal patient hod 
the complication of transient AV node block that lasted for 
several weeks before nortool AV conduction resumed. This 
patient was asymptomatic without pacemaker 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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