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response, AV node ablation and pacing therapy have beneficial effect in the elimination of this arrhyth-
mia. It seems that these patients do not need a cardioverter defibrillator therapy.

Radiofrequency catheter ablation of the
atrioventricular (AV) node followed by implanta-
tion of a ventricular rate-responsive pacemaker is
an established therapy for the patients with perma-
nent atrial fibrillation whose ventricular rate was
not controlled by drug therapy, who cannot toler-
ate effective drugs, or who were resuscitated from
sudden cardiac death due to a rapid ventricular re-
sponse in the absence of an accessory pathway
(1,2). While there are many studies underlining
beneficial effects of this procedure in symptomatic

patients with permanent atrial fibrillation who
have fast and irregular ventricular rate, reduced
functional capacity, or depressed cardiac perfor-
mances (3-8), there is a lack of data concerning the
impact of AV node ablation in patients with per-
manent atrial fibrillation and unstable ventricular
tachycardia induced by rapid ventricular rate. The
purpose of this study was to evaluate the clinical
course in such patients, treated by AV node abla-
tion and permanent cardiac pacing, in comparison
with other patients with permanent atrial fibrilla-
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tion, who underwent the same therapeutic proce-
dures.

Patients and Methods

Patients

Consecutive patients with permanent
atrial fibrillation and uncontrolled ventricular rate
undergoing radiofrequency catheter ablation of
the AV node and pacemaker implantation at our
institution between April 1999 and April 2002
were eligible for the study. The patients enrolled
gave their informed consent. Before therapeutic
procedures, all patients underwent noninvasive
cardiac examination and programmed ventricular
stimulation at two cycle lengths (600 and 400 ms)
with 2 extrastimuli. Permanent atrial fibrillation
was defined as arrhythmia that persisted without
interruption for at least 12 months and could
be converted to sinus rhythm by electrieal"cardio-
version (9). Unstable v ar tachycardia was
defined as Cardiographycally documented
sustainedventricular tachycardia induced bysrapid
ventricular response of.atrial fibrillation requiring
termination because of hemodynamic comﬁromi-»
se (Fig. 1). ‘
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Figure 1. Holter recording of ventricular tachycardia in-
duced by rapid ventricular response in patient with perma-
nent atrial fibrillation. Trace A: an acceleration of the ven-
tricular rate in permanent atrial fibrillation. Trace B: the on-
set of ventricular tachycardia with a progressive accelera-
tion of ventricular rate. Traces C and D: established ventric-
ular tachycardia with very fast rate (R-R interval of 270 ms).
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Patients were included in the study if
they had tachyarrhythmic episodes of permanent
atrial fibrillation causing severe symptoms or heart
failure, with medical therapy providing either in-
adequate control of symptoms or producing intol-
erable adverse effects, or rapid ventricular re-
sponse of atrial fibrillation induced unstable ven-
tricular tachycardia. The patients were excluded
from the study if they had acute clinical disease
during the previous 6 months, left ventricular ejec-
tion fraction <20%, Wolff-Parkinson-White-syn-
drome, or a life expectancy less than 12 months
due to a non-cardiac medical condition, such as
cancer or terminal lung disease.

ndard technigues (10). One or
ablation, the'permanent ven-
e pacemaker,was implanted

med by using the
two days before t
tricular rate respo

(HAT 300,

Radiofreq cy generato

ripolar 7-French electrode catheter (Dr. Os-
ypka) with interelectrode spacing of 2 mm and in-
tegrated thermistor was used for the ablation. The
goal of ablation was to induce a complete AV
block at the suprahisal level. All patients were dis-
charged from the hospital without antiarrhythmic
drug therapy. Anticoagulant and other medical
agents were administrated in accordance with the
published guidelines (11,12).

Study End Points

The primary end point of the study was
sudden death. The secondary end points were car-
diac death, all-cause mortality, and the occurrence
of symptomatic ventricular tachycardia requiring
cardioverter defibrillator therapy. Sudden cardiac
death was defined as death caused by document-
ed ventricular tachyarrhythmia or death that oc-
curred within one hour from the onset of symp-
toms or during sleep in a previously stable patient
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free of hemodynamic collapse or myocardial in-
farction in the preceding 24 hours (13,14). Cardiac
death was defined as death caused by congestive
heart failure or by acute myocardial infarction
(10). Progressive heart failure was defined as un-
stable clinical progression of deteriorating heart
pump function under active therapy (15), as ascer-
tained by evidence of either interstitial or alveolar
edema on chest x-ray, which required admission
to the intensive care unit.

Follow-up

The patients were prospectively fol-
lowed up in our pacemaker center. Each control
checkup every six months included medical his-
tory, physical examination, 12-lead electrocar-
diogram, Holter monitoring, and recording of
any primary or secondary outcome event. The

cies (%). Differences between the groups in nor-

mally and non-normally distributed variable
assessed with the inde -%@
Mann-Whitney U-te % s were
compared with y? tg i ates correetion

Differences in sumvival were.analyzed with the
Kaplan-Meier method-"Data on surviving patients
were censored at the date of the last follow-up
visit. For the analysis of sudden death, data on
deaths from other causes were censored on the
date of death. A value of P<0.05 for two-sided
comparison was considered significant. MedCalc
program (MedCalc Software, Mariakerke, Bel-
gium) was used for the statistical analysis.

Results

A total of 120 consecutive patients with
permanent atrial fibrillation and uncontrolled ven-
tricular rate underwent a pacemaker implantation
and radiofrequency catheter ablation of the AV
node (Fig. 2). Of these patients, 10 refused to par-
ticipate and 6 patients were lost to follow-up.
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The | eline clinical data
demonstrated’ sever nificant differences be-
t 'bvo ent group e 1). Patients in
ventricular tach i

ardia”group had lower ejection
fraction«(P<0.013), more often syncope (P<0.001),
igher class according to the New York Heart Asso-
ciation (NYHA) classification (P<0.001), and higher
ventricular rate at rest (P<0.001) and during daily
activities (P<0.002). The other clinical variables, in-
cluding age, sex, type of structural heart disease, his-
tory of heart failure and His-ventricular interval
did not differ between the two groups. Ventricular
tachycardia was not inducible by routine right
ventricular pacing in any patient in either group.
The mean follow up period was 20+8 months
(median, 18; range, 5-36 months). Follow-up was
completed in April 2004.

Atdischarge from the hospital, there was
no significant difference in the medical therapy
between the two patient groups, but there was a
trend of more frequent use of spironolactone in the
ventricular tachycardia group. During the follow-
up period, the similar distribution of medical ther-
apy was held in the both patient groups.

931

Adeiay] Suided pue uoije|qy apON Je[NILIJUIAOLIY :|e ]9 Jel)dd



Therapy

ing

lar Node Ablation and Paci

Atrioventricu

Petra¢ et al

Croat Med J 2005;46(6):929-935

Table 1. Baseline data of patients with permanent atrial fibril- For the cumulative incidence of the sec-

lation accord!ngto th_e presence of ventricular tachycardia in- ondary end points in the two patients groups, the
duced by rapid ventricular response* . . . X

No. (%) of pationts patients in the ventricular tachycardia group had

significantly higher incidence of cardiac death

ventricular control
Characterist gtaChyfafﬁ) (gfogg) o (log-rank test, P=0.014 ) and all-cause mortality
aracteristic roup (n= n=! . .
Age (meantSD, years) 54210 59112 0555 (log-rank te§t, .P.=0.038,. Fig. .3)..These patients
Men 7(50.0) 64(71.0) 0.207 also had a significantly higher incidence of death
Underlying heart disease: H H ~
chomic hoart disense 4(200) 26(200) 0751 due to progressive heart failure (log-rank tesj[,
hypertensive heart disease 7(50.0) 52(58.0) 0.785 P=0.013), which accounted for 75% of their
dl':ted cardiomyopathy 8(210) iii-g; g-g;g all-cause mortality. During the observational pe-
other . . . . . . ..
History of heart failure 7 (50.0) 23(26.0) 0.128 rIOd, sustained ventricular tachycardla requiring
Presenting symptoms: cardioverter defibrillator therapy developed only
syncope 14 (100.0) 26(29.0) <0.001 . . .
effort dyspnea 14(1000)  90(1000) 0999 in two patients in the control group. In both of
rest dyspnea 7(50.0) 23(26.0) 0.128 them, a cardioverter defibrillator was properly
Ejection fraction 41412 51+14 <0.013 . . .
NYHA classes (mean+SD) 27407 20£07  <0.001 activated by ventricular tachycardia.
Ventricular rate (mean+SD,
beats/min):
at rest 130420 110£15  <0.001
daily activity 19934 176+24  <0.001 This prospective study is one of the first to
Baseline HV (mean+SD, ms) 55+14 53+14 s . .
Inducible VT 0 show that radiofrequency catheter ablation of the

Medical therapy at discharge:
ACE inhibitors
beta blockers

AV node followed by permanent| cardiac pacing
0(71.0) 60 (67.0) 0.993 A\
7(50.0) 40 (44.0)  0.896 i

anticoagula 11 (79.0) 72 (80.0), 0.786 I 100 ;
loop diureti . 20(22.0)  0.174 ¥\ P
spyronolactone (29.0) 8(9.0) ||‘, \E}{ £] In".' == !
*Abbreviations: SD - standard d ion; NYHA - New York HeartAssc'{diation\: b\ "|II' § 80 Ermms 'I
- His-ventricular interval; VT - s ined ventricular tachycardia; ACEt'?ngioten\ \,v'll 2 |
sin converting enzyme. / = |
+y? test for frequencies and Ma hitney for continuous variables. l ll v g 60F b
B §
o
. - . T 40f
Major clinical events during the fol- %
low-up included sudden death in one patient in @ 20f
the ventricular tachycardia group on day.15 N P=0.014
in 4 patients in|the control_gr: A 6h . J . J ‘ .
160,240 and 510Q (T ortal- 0 B 12 8 24 30 36
ity rate of sudden'de tt s was similarin
1
two groups (7% Vs 5%, log-r. , P=0.703). = ——
The distribution of s n cardiac death as a per- o Lo
centage of the all-cause mortality was 25% (1 of 4 2 oy
patients) in the ventricular tachycardia group and g o |
57% (4 of 7 patients) in the control group (log-rank E e
test, P=0.692). g .|
= 40
Table 2. Major clinical events in patients with permanent atrial ’E‘
fibrillation according to the presence of ventricular tachycar- a3 20r
dia induced by rapid ventricular response before therapeutic P=0.038
procedures
No. (%) of patients oG . ' ' . . '
ventricular tachycardia  control B 0 6 12 18 24 30 36
Clinical event group (n=14) group (n=90) Pt Months
Sudden death 1(7.1) 4(4.4) 0.703
Cardiac death 3(21.4) 3(3.3) 0.014 Figure 3. Kaplan-Meier estimates of cardiac death mortal-
Progressive heart failure 3(21.4) 2(22) 0.013 ity (A) and of all-cause mortality (B) in patients with perma-
Acute myocardial infarction 0 1(11) 0.240 nent atrial fibrillation according to the presence (ventricu-
All-cause mortality 4(28.5) 7(7.7)  0.038 lar fibrillation group - dashed line) or absence (control
VT occurrence Y 2(22) 0570 group - full line) of ventricular tachycardia induced by rapid
¥T2— sustained ventricular tachycardia. ventricular response before therapeutic procedures.
% test.
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has beneficial effect in patients with permanent
atrial fibrillation and unstable ventricular tachycar-
dia induced by rapid ventricular response in the
elimination of this arrhythmia. In these patients, the
mortality rate of sudden death at two years was
comparable with the mortality rate of sudden death
in other patients with permanent atrial fibrillation
but without the history of such ventricular tachycar-
dia, who underwent AV node ablation. These data
suggest that patients with unstable ventricular
tachycardia induced by rapid response of atrial fi-
brillation are not candidates for the cardioverter
defibrillator therapy (16). Previous studies on radio-
frequency and pacing therapy for atrial fibrillation
provided insufficient data on the clinical course of
such patients after these therapeutic procedures (17).
However, the sudden death rates for studies with
more than one year of follow-up were comparable
with that in our study (18-20).

The main triggerfor the induction of ven-
tricular tachyeardia was a rapid ventricular activation
initiated by fast-and uncont transport ofatrial
fibrillation{impulses across the AV node, whichdi-
rectly reduced ventricular refractoriness (21). By
means of the same
can induce life-threa

ing ventricular tachy€ardia
in patients with Wolf kinson-White syndrome
and otherwise normal heart" “When conduction
runs over an accessory pathway with a short re-
fractory period|(22). Although conduction prep r-

ties of the AV node are differen o C o
cessory pathways, the petential

to induce ventri Iap ardi by a rapld en
tricular activation is 'substantially.higher in pa-

tients with structural.heart“disease, reduced left
ventricular function, and high concentration of cir-
culating catecholamines (7,23). A rapid ventricu-
lar response of permanent atrial fibrillation may
also indirectly affect ventricular electrophysiology
through their associated hemodynamic changes. A
decrease in cardiac output during the fast rate may
increase preload susceptibility to ventricular
arrhythmias through mechanoelectrical coupling
(24). Our patients with permanent atrial fibrillation
and ventricular tachycardia induced by rapid ven-
tricular activation fulfilled some of these condi-
tions. At baseline examination, their ejection frac-
tion was significantly lower and ventricular rate
considerably higher than those in the control
group. After ventricular rate controlling by AV
node ablation and pacemaker implantation, these

@M

chanism, atrial fibrillation

patients were free of rapid ventricular activation
and its negative electrophysiological and hemody-
namic consequences, and therefore were prone to
similar risk of sudden cardiac death as the control
group patients, who underwent the same thera-
peutic procedures.

Another pathophysiological mechanism
related to irregular ventricular activation can also
be responsible for the development of ventricular
tachycardia in permanent atrial fibrillation. Even at
well-controlled ventricular rate, atrial fibrillation
results in irregular ventricular activation leading to
marked short-long-short sequences (25). Irregular
ventricular activation leads to inhomogeneous
repolarization and thus to higher vulnerability pre-
disposing to sustaimed” ventricular tachycardia
(26). Thispathophysiologic me¢hanism for initia-

ion of ventricular tachycardia has been recently
supported by the analysis of stored cardioverter
defibrillator electrograms with a documented on-
set of ventricular tachycardia or ventricular fibrilla-
ftion in patients with, persistent atfjal fibrillation
(27) Although we did not observe this mechanism

~in ‘our patients with ventricular tachycardia, it is

reasohable to prestne that regulation of ventricular
rate by AV nodal ablation could reduce the short-

long-short sequences relat i laryentricular
activation in p r rillation

In this e incidencesof cardiac
aII-cause mortali as significantly
her'in patie 6 had ventricular tachycardia
induced™by rapid ventricular response before the
ablation than in patients without such a ventricular
tachycardia. The main reason for that was a sub-
stantially higher incidence of deaths due to pro-
gressive heart failure in the patients with ventricu-
lar tachycardia induced by rapid ventricular re-
sponse. This was concordant with the lower ejec-
tion fraction and higher NYHA classes in these pa-
tients at baseline evaluation as compared with that
in the control group patients.

The main limitation of this study was a
relatively small number of patients in the ventricu-
lar tachycardia group, which did not permit the
analysis of end points in the prespecified sub-
groups of patients. Another potential limitation of
this study was the fact that sudden cardiac death
occurred in 7 patients within six months after abla-
tion. Therefore, we cannot exclude the possibility
that some instances of sudden cardiac death in this
study could have been related to the ablation pro-
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cedure itself (19,28). However, the lesions pro-
duced by radiofrequency current have not been
shown to be arrhythmogenic, even when the cur-
rent was delivered in the right or left ventricle
(2,29). Furthermore, we did not observe a pace-
maker malfunction in these patients, and most of
them had a satisfactory junctional escape rhythm.
Thus, we would suggest that the majority of sud-
den cardiac death episodes in our two study
groups were related to the associated underlying
heart disease.

In conclusion, radiofrequency catheter
ablation of the AV node followed by pacemaker
implantation had a beneficial effect in the treat-
ment of patients with permanent atrial fibrillation
and ventricular tachycardia induced by rapid ven-
tricular response, whereby eliminating this ar-
rhythmia. The clinical course of these patients was
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