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REVIEW

‘ This material may be protected by Copyright law (Title 17 U.S. Code)

Radiofrequency Catheter Ablation for Cardiac

Tachyarrhythmias

Antonis S. Manolis, MD; Paul J. Wang, MD; and N.A. Mark Estes III, MD

Purpose: To review the radiofrequency ablation
method, describe the technique, and discuss the indi-
cations, results, and limitations of its use in patients
with cardiac tachyarrhythmias.

Data Sources: Peer-reviewed reports in the literature
by clinical investigators who use radiofrequency cath-
eter ablation as identified by a MEDLINE search and
our own experience with this intervention in 214 pa-
tients with cardiac tachyarrhythmias.

Study Selection: All articles reporting results of
radiofrequency ablation for cardiac tachyarrhythmias
and articles describing the ablation technique or com-
paring it with direct-current or surgical methods.

Results of Data Synthesis: Percutaneous catheter
ablation of cardiac arrhythmias using high-voltage, di-
rect current was limited by a high complication rate and
a need for general anésthesia. This method was re-
cently replaced by a new safe and efficacious tech-
nique using low-voltage, high-frequency (radiofrequen-
cy) alternating current. Nonsurgical cure of many
supraventricular arrhythmias is now feasible with radio-
frequency ablation, especially in patients with acces-
sory pathways or atrioventricular nodal reentrant tachy-
cardia. For these arrhythmias, success rates are
greater than 90%. The indications for ablation include
preexcitation syndromes, atrioventricular nodal reen-
trant tachycardia, and other selected atrial and ventric-
ular tachyarrhythmias refractory to antiarrhythmic drug
therapy. The efficacy and safety profile of this tech-
nique has made it feasible for children as well as adults.

Conclusions: Percutaneous radiofrequency catheter
ablation has evolved as a safe and effective method for
managing and curing the two most common forms of
supraventricular tachycardia: those associated with
preexcitation syndromes and atrioventricular nodal re-
entrant tachycardia. Further studies are needed to
determine the efficacy of this method or to evaluate
alternative transcatheter techniques in patients with
atrial tachycardias and, more importantly, in the large
population of patients with ischemic ventricular tachy-
cardia.

Ann Intern Med. 1994;121:452-461

From New England Medical Center and Tufts University School
of Medicine, Boston, Massachusetts. For current author ad-
dresses, see end of text.
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Current therapeutic options for symptomatic supraven-
tricular and ventricular arrhythmias include antiarrhythmic
drugs, mapping-guided techniques, devices, and catheter
ablation. Of these, only surgery and ablative techniques
are curative. Although effective, surgery for supraventric-
ular (1) or ventricular arrhythmias is associated with sub-
stantial cost, morbidity, and, rarely, death. Concerns
about the efficacy and toxicity of antiarrhythmic drugs
prompted reevaluation of their role in managing all ar-
rhythmias. Devices such as antitachycardia pacemakers
for supraventricular arrhythmias and implantable defibril-
lators for ventricular arrhythmias are palliative, are costly,
and often require concomitant drug therapy. Catheter
ablation techniques were first introduced in 1982 using
direct-current shocks for ablation of the atrioventricular
junction in patients with refractory atrial tachyarrhythmias
(2-4). Although direct-current shocks have since been
used to treat various tachyarrhythmias, this technique has
substantial risks, has only modest cfficacy, and requircs
general ancsthesia (2-5). Given these limitations of other
therapies, radiofrequency has evolved as an alternative
energy source for catheter ablation (6-12). Radiofre-
quency ablation is an effective and low-risk curative treat-
ment for supraventricular arrhythmias caused by atrioven-
tricular nodal reentry or accessory pathways, the most
common mechanisms of supraventricular tachycardia. Ex-
perience with radiofrequency ablation of other atrial and
ventricular tachycardias is increasing. Nearly 10 000 radio-
frequency ablative procedures were done in 1991, repre-
senting a fivefold increase from 1990 (7).

Radiofrequency Energy and Current

Radiofrequency energy is a form of electrical energy,
generated from low-power (15 to 60 V), high-frequency
(30 KHz to 300 MHz) alternating current. Equipment
generating radiofrequency energy, called the Bovie device,
has been used for electrosurgical cutting si@lce;’JQZQ (13).
Modulation of the wave form and control of the imped-
ance and voltage of these devices have allowed routine
use of radiofrequency current for electrical cutting in
various specialties (8). Its applications recently were ex-
tended to cardiology to treat cardiac arrhythmias with
catheter techniques (14). It is also being evaluated for
thermal coronary angioplasty (8). Modulated radiofre-
quency current is used for electrosurgical cutting, whereas
the unmodulated current, creating biological tissue desic-
cation with formation of coagulation necrosis, is used for
catheter ablation of cardiac tissue (12). Cardiac lesions
are produced primarily through resistive heating. Multiple
factors govern the effects of radiofrequency energy on
cardiac tissue, including the current density, the surface
area of the active electrode, the duration of current ap-
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plication, the impedance of the tissue, tissue contact, and
the degree of tissuc heating (12).

Radiofrequency Catheter Ablation Technique

The radiofrequency current is delivered to cardiac tis-
sue through a transvenous, stcerable clectrode catheter
with a tip that is 4 mm long. In the unipolar mode, the
current passes through the active electrode that is in
contact with the tissuc and returns to the generator
through a larger passive patch electrode located cxternally
on the chest. In the bipolar mode, the current flows
between two adjacent intracardiac electrodes usually
mounted on the same catheter. A bipolar electrode con-
figuration with two catheters has also been used (15). In
either case, good tissue contact of the active electrode is
of paramount importance for effective ablation.

The radiofrequency encrgy used (20 to 50 W) is gen-
erated from a 300- to 750-KHz electrosurgical unit and is
delivered for 10 to 60 seconds. During the ablation pro-
cedure, encrgy delivery and the coagulation process can
be controlled by concurrent monitoring of voltage, cur-
rent, power, and impedance or catheter tip temperature
or both to avoid overheating and to minimize the risk for
cardiac perforation (16, 17). Impedance or temperature
increase is typically associated with blood coagulum on
the catheter tip. Because thermal coagulation necessitates
removal of the catheter and cleaning of the clectrode tip
before reinsertion, monitoring catheter tip temperature
with an incorporated thermistor provides valuable infor-
mation about tissue effects and helps in gauging lesion
size (17). A small initial decrease in impedance and a fast
temperature increase at the catheter tip may indicate
good tissue contact, whereas a slow increase suggests poor
contact and incffective coagulation. Effective desiccation
of the myocardium usually occurs at temperatures of
60 °C or higher. Maintaining catheter tip temperature at
less than 100 °C may prevent the sudden increase in
clectrical impedance and prevent carbonization of tissue
with its attendant risk for myocardial perforation (16).
Most commercially available radiofrequency generators
and ablation catheters, however, cannot monitor temper-
ature, and thus impedance is monitored instead.

Delivery of radiofrequency encrgy to cardiac tissue has
several advantages compared with direct-current shocks
(18) (Table 1). Although general anesthesia is not
necded, it is common to use deep sedation for patient
comfort, particularly when anticipating a long procedure.
The absence of barotraumatic complications has made it
possible also to use this technique safely to treat drug-
refractory supraventricular tachyarrhythmias in children
(19, 20).

Indications and Clinical Results

R cy cd to
the ula atrio-
vent al icular

myocardium in patients with various symptomatic su-
praventricular and ventricular tachy (Tables 2 and
3). In addition to reports from the re, the results
of radiofrequency ablation in 214 patients at our institu-
tion are also included (Tables 2 and 3).
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Table 1. Advantages of Ra
Those of Direct Current in
Tachyarrhythmias

ency Compared with
r Ablation of Cardiac

2000 to 4000 V)

ons
smaller sizes

Low arrhythmogenicity
Less despressant cffect on left ventricular function
Better cnergy control and titration

ter c
ons same or different locations
ion QRS

No neuromuscular stimulation and no need for general
ancsthesia
monitoring of the electrocardiogram during ablation
fully applicable to all types of supraventricular
thmias
Applicable to all areas of the heart
Applicuble in adults and children

Modification of the Atrioventricular Node

Atrioventricular nodal reentrant tachycardia is the most
common cause of paroxysmal supraventricular tachycardia
originating from reentry in two atrioventricular nodal
pathways, a slow anterograde conducting (alpha) pathway,
and a fast retrograde conducting (beta) pathway (typical
or slow-fast form) (Figure 1A) (21, 22). There is also an
atypical form of atrioventricular nodal tachycardia that is
characterized by anterograde fast-retrograde slow path-
way conduction. An entirely intranodal location of the
reentry circuit of atrioventricular nodal tachycardia was
recently challenged by seminal surgical work and obser-
vations (23, 24). This tachycardia is curable with surgical
modification of the atrioventricular node that abolishes
the tachycardia by dissection or cryoablation of atrial
perinodal tissue without disrupting atrioventricular con-
duction (23, 24). These surgical procedurcs have laid the
groundwork for development of percutaneous methods of
atrioventricular nodal modification. Radiofrequency cath-
eter ablation is the method preferred to surgery or direct-
current shocks because of its superior efficacy and lower
complication rates (25-34) (Table 2).

Selective ablation of either the slow or the fast pathway
can be achieved using radiofrequency energy. Slow path-
way ablation is preferable, and it is usually considered as
the initial, most cfficacious (90% to 100%) approach,
minimizing the risk for atrioventricular block (26). The
site for successful slow pathway ablation is along the
tricuspid annulus, cither anterior to (80%), caudal to
(13%), or within (7%) the coronary sinus ostium (27). In
most patients, the slow pathway is located posteriorly and
inferiorly, whercas the fast pathway is found anteriorly or
superiorly to the compact atrioventricular node (Figure
1A) (35). Recording of discrete slow, low-amplitude po-
tentials has been used to direct slow pathway ablation
(28). However, slow pathway ablation is possible without
registration of these potentials (29, 31, 36). Occurrence of
nonsustained junctional tachycardia with 1:1 atrial activa-
tion during radiofrequency application is considered a
marker of efficacy (36). The end point of ablation is
noninducibility of atrioventricular nodal tachycardia.
Complete elimination of slow pathway conduction, with

* Number6 453
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Table 2. Clinical Results of Radiofrequency Ablation of Supraventricular Arrhythmias®

Study (Reference), Year Patients Ablated Success AV Block Recurrence
n % % %
Modification of the atrioventricular node
Lee et al (25), 1991 39 Fast 85 8% — 5
Jazayeri et al (26), 1992 49 Fast (16)/slow (33) 92 8% — 2
Kay et al (27), 1992 34 Fast (4)/flow (30) 1001 3% — 9
Haissaguerre et al (28), 1992 64 Slow 100 0% — 0
Jackman et al (30), 1992 80 Fast (2)/slow (78) 99 1% — 0
Wathen et al (31), 1992 25 Slow 100 24%% — 20
Wu et al (32), 1992 23 Fast (10)/slow (13) 100§ 0% — 9
Chen et al (33), 1993 100 Fast (32)/slow (68) 98 2% — 2
Moulton et al (36), 1993 30 Slow 100 0% — 10
Langberg et al (39), 1992 88 Fast 92 NA — NA
- Manolis et al (unpublished data) 56 Fast (1)/slow (55) 100 2%% — 12.5
Overall 588 97 5% — 7
Radiofrequency ablation of accessory
pathways
Jackman et al (14), 1991 166 — 99 4 9
Schluter et al (46), 1991 73 — 86| 3 4
Calkins et al (49), 1992 250 — 941 4 7
Leather et al (50), 1991 75 — 71 8 0
Natale et al (51), 1992 80 — 93 3 NA
Lesh et al (52), 1992 100 — 89 4 9
Chen et al (9), 1992 66 — 85%* 3 9
Pediatric literature (74), 1991-93 58 —_ 83 7 2
Swartz et al (53), 1993 114 . 95 4 9
Saul et al (55), 1993 71 — 93 11t NA
Kay et al (56), 1993 363 — 95 1 5
Manolis et al (unpublished data) 122 — 91 5 8
Overall 1538 — 90 5 6

* AV = atrioventricular; NA = not available. Dashes indicate “not applicable.”

t Success rate was 99.6% in a subsequent report of 245 patients (56).
1 Transient.

§ Success rate was 97% in a subsequent report of 100 patients with 3% incidence of AV block (34).

| Success rate was 89% (93 of 105 patients) in a subsequent report (48).
1 Success rate was 95% (381 of 400 patients) in a
** Success rate was 96% (136 of 142 patients) rep
{r Includes 1 (probable arrhythmic) death 2 weeks after the procedure.

no detectable jump in the atrioventricular conduction
time or inducible nodal echo beats, is not necessary for
long-term success (30, 32), although other investigators
have argued otherwise (37). In selected patients in whom
slow pathway ablation is unsuccessful, fast pathway abla-
tion can be attempted with radiofrequency lesions placed
just caudad to the His bundle area (38), with a higher

report by the same authors (54)
ntly by the same group (72).

potential risk for complete heart block (8% to 21%) (25,
26). After fast pathway ablation for common atrioventric-
ular nodal tachycardia, some patients have uncommon
atrioventricular nodal tachycardia (39), which may then
require slow pathway ablation. Inappropriate sinus tachy-
cardia may develop in some patients and may require
beta-blocker therapy (40). Apparently, ablation in the low

Table 3. Clinical Results of Radiofrequency Ablation of Ventricular Tachycardia*

Study (Reference), Year Patients Type of Ablation Site Success  Complications ~ Recurrence
VT A
n %
Cohen et al (98), 1991 7 BBR RBB 100 0 0
Gonska et al (99), 1991 10 CAD LV 100 0 20
Klein et al (100), 1992 16 Idiopathic ~ RVOT (12)/ RVS (3)/LVS (1) 94 0 13
Morady et al (101), 1993 15 CAD LV 27f 0 0
Stevenson et al (102), 1993 15 CAD LV 40 0 0
Calkins et al (103), 1993 18 Idiopathic ~RVOT (9)/RV (4)/ LV (4)/ 78 0 NA
RVOT+LV (1)
Wilber et al (104), 1993 6 Idiopathic = RVOT 83 0 0
Aizawa et al (105), 1993 7 Idiopathic ~ RVOT/RVS 86 0 0
Nakagawa et al (106), 1993 8 Idiopathic LVS 100 13 13
Manolis et al (unpublished data) 12 Idiopathic RVOT (11)/LVA (1) 83 0 0

* BBR = bundle-branch reentry; CAD = coronary artery disease; LVA = left ventricular apex; LV = left ventricle; LVS = left ventricular septum, NA
= not available; RBB = right bundle branch; RV = right ventricle; RVOT = right ventricular outflow tract; RVS = right ventricular septum; VT =

ventricular tachycardia.
1 Acute success rate was 73% if only the targeted VT is considered.
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AV
node

Slow

catheter

Accessory

Figure 1. Top. Mechanism of atrioventricular (AV) nodal reen-
trant tachycardia. Two pathways constitute the circuit of this

fully with the catheter positioned inferior and posterior to the AV
node, whereas the fast. pathway is located in an anterior and supe-
tior position. (CS = coronary sinus; RA = right atrium; RV = right
ventricle; SA = sinoatrial) Bottom. Mechanism of orthodromic atrio-
ventricular (AV) reciprocating tachycardia observed in patients with
the Wolff-Parkinson-White syndrome and in patients with concealed
accessory pathways. The impulse travels down the AV node-His-
Purkinje system, which constitutes the anterograde limb of the

tachyc atria t th hway
(a left which as limb
of the thway ac abla-

15 September 1994
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interatrial septum in patients having atrioventricular
nodal modification (with either slow or fast pathway ab-
lation) or posteroseptal accessory pathway ablation may
disrupt parasympathetic fibers innervating the sinus node,
which may be one mechanism for inappropriate sinus
tachycardia in these patients (41). This is suggested by
increased heart rate variability found after radiofrequency
ablation in such patients.

Radiofrequency catheter modification of the atrioven-
tricular node offers an excellent chance for permanent

which can occur within the first 48 hours after the pro-
cedure. The recurrence rate after successful atrioventric-
ular node modification is app 7%, and repeated
radiofrequency ablation is o successful. In our
institution, 56 patients with atrioventricular nodal reen-
trant tachycardia had radiofrequency ablation, which was
successful in all patients (Table 2). Selective ablation of
the slow pathway was performed in all but one, in whom
the fast pathway was ablated. Except for transient atrio-
ventricular block in one patient, there were no other
complications. During a mean of 13 + 8 months, tachy-
cardia recurrence was noted in seven patients, and six of
them had successful repeated slow pathway ablation.

Ablation of Accessory Pathways

In patients with either manifest or concealed preexci-
tation syndrome, the most common tachycardia is the
orthodromic atrioventricular reciprocating tachycardia,
which is characterized by macro-reentry with anterograde
conduction through the atrioventricular node-His bundle
and retrograde conduction over an accessory pathway
(Figure 1B) (21). Other tachyarrhythmias in these pa-
tients include atrial flutter or fibrillation with variable
degrees of preexcited (wide) QRS complexes due to fast
anterograde conduction over an accessory pathway, pre-
senting a potentially serious risk because it sometimes
degenerates into ventricular fibrillation. Less commonly,
the accessory pathway participates in a wide-complex
tachycardia called antidromic tachycardia, with antero-
grade conduction occurring through the accessory path-
way and retrograde conduction over the His bundle-atrio-
ventricular node or a second accessory pathway. Until
recently, in patients with preexcitation syndromes, antiar-
thythmic drugs were the mainstay of therapy, whereas
cure could essentially be obtained only with surgery (1,
43-45).

Radiofrequency ablation of accessory pathways has ush-
ered in a new era in the management of these patients.
Remarkable success rates (as high as 99%) have been
reported with this technique, whereas the complication
rate has remained very low (less than 3% to 5%) (14,
46-49). Such pioneering work and reports have spawned
great enthusiasm for this nonsurgical method of perma-
nent cure. Many electrophysiology laboratories in the
United States and Europe equipped for radiofrequency ab-
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lation are now offering this approach as a first-line option

for patients with symptoms, g both the d
tic study and the ablative in a single
(4
is
re
to

of the procedure, including the precise localization of the
accessory pathway, the type of the ablation catheter used,
the approach taken, and the operator’s experience and
skill (51, 54, 55).

Application of radiofrequency current to cardiac tissue
produces very small lesions (5 mm or smaller in diame-
ter). Optimal mapping and precise localization of the
accessory pathway therefore are critical for the success of
the procedure. Manifest accessory pathways, capable of
anterograde (commonly bidirectional) conduction, are pri-
marily mapped during sinus rhythm, atrial or ventricular
pacing, or orthodromic tachycardia, whereas concealed
pathways, capable of only retrograde conduction, are
mapped during orthodromic tachycardia or ventricular
pacing. For preliminary localization of an accessory path-
way, the preexcitation pattern is analyzed on the 12-lead
electrocardiogram during sinus rhythm (57) or more eas-
ily during atrial pacing or after adenosine administration,
causing maximal preexcitation. Further localization is
achieved using multipolar catheters, positioned and ma-
neuvered inside the coronary sinus or at the tricuspid or
mitral annuli. Finally, precise localization with mapping
and radiofrequency ablation are performed using a steer-
able electrode catheter.

Right-sided (free-wall, midseptal, and anteroseptal) and
many posteroseptal pathways, constituting about one third
of all accessory pathways, can be approached from the
right heart, with access obtained from the femoral, sub-
clavian, or internal jugular veins. The ablation catheter is
positioned either at the atrial or ventricular aspect of the
tricuspid annulus (58). Left-sided pathways, comprising
about two thirds of all pathways, can be ablated from
either the ventricular or the atrial side of the mitral
annulus, which can be approached retrogradely through
the aortic route or through the transseptal approach (51,
53, 55, 59). The ablation catheter is positioned against the
mitral annulus just opposite the pole of the coronary
sinus catheter already bracketing the location of the ac-
cessory pathway in the atrioventricular groove. Applica-
tion of radiofrequency current through the coronary sinus
has been reported in a few patients with left lateral ac-
cessory pathways with an epicardial insertion (60, 61).

Criteria used to identify appropriate target sites for
ablation include early ventricular activation relative to the
delta wave onset or shortest atrioventricular interval for
manifest pathways, earliest atrial activation during tachy-
cardia or ventricular pacing for concealed pathways, or
the presence of an accessory pathway potential for either
manifest or concealed pathways (62-66). The presence of
an accessory pathway potential is not an essential require-
ment for successful ablation, nor does its presence guar-
antee success (49, 65, 67). Once an optimal target site has
been identified, radiofrequency energy (20 to 50 W) is
delivered through the ablation catheter. Loss of preexci-
tation or interruption of the tachycardia is expected
within 1 to 15 seconds of a successful radiofrequency

456 15 September 1994
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application (Figure 2), which is usually continued for 3¢
to 60 seconds and frequently followed by an additional
lesion. The earlier the block in the accessory pathway
conduction is observed during radiofrequency current ap-
plication (5 or fewer seconds), the more likely that the
effect will be permanent rather than transient (68). De-
layed loss of preexcitation may occur (69) but is usuaily
transient (68, 69). Approximately one half hour after ab-
lation, electrophysiologic evaluation is repcated, during
which the efficacy of ablation is tested with programmed
stimulation and infusion of isoproterenol, adenosine, or
both (70). The patient is monitored in the hospital for
about 24 hours before discharge. Recurrences may be
observed in 4% to 12% of patients and are more common
for pathways ablated from the tricuspid annulus and for
concealed pathways, but they are amenable to repeated
radiofrequency ablation with equally high success rates
(71, 72). Nonischemic, postablation T-wave abnormalitics
are common in patients who had manifest preexcitation,
but they gradually resolve within 1 to 3 months (73).
Table 2 summarizes the results and complication rates
of radiofrequency ablation of accessory pathways in re-
cently reported serics (9, 14, 46-56, 74). Ablation can be
successful in all accessory pathway locations. However,
the anteroseptal region has a higher-than-usual risk for
complete heart block (approximately 5%) (49). This non-
surgical technique offers patients a curative option with
only few minor complications and thus eliminates the
need for open-heart surgery or lifelong pharmacotherapy
(52). Furthermore, radiofrequency ablation is very cost-
effective (75), with substantial cost savings, shorter hospi-
tal stays, and quicker return to work compared with its
standard surgical counterpart (76). Initial concerns about
the long duration of the procedure and extended fluoros-
copy time and radiation exposure have been raised (77),
and new abbreviated approaches have been proposed (49,
78). During a period of 2.5 years, 122 patients have had
radiofrequency ablation of accessory pathways at our in-
stitution (Table 2, Figure 2). Mapping disclosed 128 path-
ways (106 manifest and 22 concealed); 71 were left free-
wall, 55 were septal, and 2 were right frec-wall pathways.
Left-sided pathways were approached with the retrograde
transaortic technique except in the last 33 patients, in
whom a transseptal approach was used. Ablation was
successful in 111 (91%) patients. Complications included
one complete heart block, one cardiac tamponade, and
four minor local vessel injuries. During a mean period of

Ty con
h sful
m wa

successful surgical division of the accessory pathway.

Ablation of Permanent Junctional Reciprocating
Tachycardia

The permanent form of junctional reciprocating tachy-
cardia is an unusual type of tachycardia that manifests as
a recurring or incessant tachycardia in children or young
adults, is commonly refractory to medical therapy, and
not is responsible for tachycard d
cardi (79). The mechanism for this t a
commonly is an orthodromic atrioventricular reciprocat-
ing tachycardia involving retrograde conduction over ai
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The ablation is accomplished through an intracardiac
catheter placed across the tricuspid valve and against its
septal leaflet to record a large His potential. For patients
who cannot be ablated with the right-sided approach, a
left-heart catheterization technique has been proposed,
whereby the ablation catheter is advanced retrogradely
through the aortic valve and positioned underneath the
noncoronary cusp of the valve (86-88). The immediate
success rate for induction of complete heart block has
been reported, ranging from 80% to 100% (83-88) (91%
among 11 patients in our center), with subsequent long-
term persistence of the block observed in 80% to 100% of
patients. Although substantial improvement in systolic
ventricular function after control of rapid atrial tachyar-
rhythmias by radiofrequency ablation of the atrioventric-
ular junction was reported (85), the absence of effective
atrial contraction and the nced for anticoagulation in
patients with atrial fibrillation persist. Thus, in the long
Tun, causing complete heart block and creating a need for
permanent pacemaker implantation is not a desirable
therapeutic approach. Such a method therefore should be
reserved for drugresistant cases of atrial tachyarrhyth-

fter successful of the accessory pathway
patients with dia-induced depression of
fraction (79, 8

Ablation of the Atrioventricular Junction

15 September 1994 = Annals of Internal Medicine + Volume 121 Number 6 457
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mias, including atrial fibrillation, atrial flutter, and atrial
tachycardias with a rapid ventricular response that is dif-
ficult to control medically, or in cases where the latter two
arrhythmias are not amenable to radiofrequency ablation.

Catheter Ablation of Atrial Foci

Compared with the large experience with and the high
success rates of radiofrequency ablation of atrioventricu-
lar nodal reentry and accessory pathways (Table 2), cath-
eter ablation of arrhythmogenic foci in the thin-walled
atria is limited and has lower efficacy and higher recur-
rence rates (89-97). Direct-current ablation had only
modest efficacy and caused serious complications such as
atrial wall rupture. Radiofrequency ablation, which is de-
void of barotraumatic effects, is an attractive alternative
technique for atrial tachycardias (automatic and reen-
trant) and atrial flutter (89-96). Macro-reentry within the
right atrium is considered the mechanism of atrial flutter
(97). Using transient entrainment techniques (pacing the
atrium faster during flutter and noting a change in F-wave

) and ctionated (continuous low

atrial slow conduction areas are
identified in the triangle of Koch and around the coro-
nary sinus os, which constitute a critical zone for ablation
(93, 94, 97). In selected patients with atrial flutter, success
rates of 83% to 100% have been achieved but with re-
currence rates as high as 40%. Efficacy rates of 50% to
100% with recurrence rates as high as 30% have been
reported for catheter ablation of atrial foci of automatic
or reentrant atrial tachycardias. In our center, ablation
has been successful in four of five patients with atrial
flutter and in five of eight patients with atrial tachycardia.

Catheter Ablation of Ventricular Tachycardia Foci

Catheter ablation techniques to eliminate ventricular tachy-
cardia foci thus far have been of limited utility, particu-

larly in patients with coronary artery disease (98-106)."

Use of direct current has been very disappointing, with a
low success rate and serious complications (2, 3). A major
limitation of the radiofrequency technique is the small
size of the lesions that it produces; use of catheters with
larger tips or two large, closely spaced electrodes may be
more helpful (107). Relatively few patients with sustained
ventricular tachycardia have small, single, isolated areas
of scar suited to these ablative techniques (99, 101, 102).
Furthermore, extensive mapping is required to identify
the tachycardia focus or foci before applying radiofre-
quency current. This can be accomplished only in patients
with well-tolerated tachycardias, thus excluding those with
unstable tachycardias. In contrast to ischemic ventricular
tachycardia (101, 102), some specific types of ventricular
tachycardia should be recognized because they appear to
be more favorably amenable to radiofrequency ablation
and thus are nonsurgically curable (Table 3). In particu-
lar, patients with bundle-branch reentrant ventricular
tachycardia can be treated with radiofrequency ablation of
the right bundle branch; and patients with idiopathic ven-
tricular tachycardia (no structural heart disease) and foci
often localized to the right ventricular outflow tract (Fig-
ure 2C), or sometimes in the septum of the right or left
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Table 4. Complications of Radiofrequency Ablation*

Catheter Related Radiofrequency Related

Vascular Mild chest pain/discomfort
Bleeding/local hematomas Ventricular tachyarrhythmias
Vascular Fractured electrode

damage/thrombosis/
! arteriovenous fistulas/
pseudoaneurysm

C/omplete heart block

Coronary artery
thrombosis/spasm/dissections

Cardiac thrombi/embolism

Thromboembolism
(pulmonary, systemic)
Vasovagal reactions

TIA/CVA
Cardiac Cardiac perforation/
Tamponade§
Perforation/tamponade Pericarditis
Thrombi Valvular damage (for example,

aortic insufficiency from
valve leaflet perforation)
Air embolism
Arrhythmias Mild increase in creatine
phosphokinase level
Valvular damage
Other
Pneumothorax
Hemothorax

* CVA = cerebrovascular accident (usually embolic); TIA = transient
ischemic attack.

+ Mainly observed with anteroseptal accessory pathway or fast AV nodal
pathway ablation (25, 26, 49).

1 Acute thrombosis of the circumflex coronary artery occurred from
inadvertent delivery of radiofrequency current into the artery (47); left
main dissection occurred during attempts to prolapse the ablation catheter
across the aortic valve (59).

§ Hemopericardium and tamponade is more likely to occur if radiofre-
quency current is delivered in small venous branches of the coronary sinus
(14).

ventricle, have been treated successfully with radiofre-
quency ablation (Table 3) (98, 100, 103-106).

Complications of Radiofrequency Catheter Ablation

Complications occur during ablation in 3% to 5% of

s. Compa di t ablation, radio-

_current is with fewer and

less serious complications (see Table 1), but sometimes

serious adverse events may occur with radiofrequency ab-

lation as well. Table 4 lists the various complications

reported from different groups (14, 25, 26, 46, 47, 49, 51,
52, 59, 100).

To avoid thromboemboli, intravenoflg ¥eparin is used
when entering the left heart during ablation, and many
physicians p aspirin, less often warfarin, for about
3 months a . No consensus yet exists about the
need for short-term anticoagulation after ablation. During
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valve disruption and to assess left ventricular function for
development of any new wall motion abnormalities.

Limitations and Future Perspectives

Results of the radiofrequency ablation studies we re-
viewed are promising and indicate a bright future for this
curative nonsurgical method. However, despite a dramatic

provement to further facilitate mapping and ablation with

of mor a satile ms.
rode de s (8-m stal
thermis or e des

with orthogonal configuration (110), or invention of other
ways, for example, newer power sources such as micro-

or patient remain to be seen (46, 77). To curtail this
radiation exposure, abbreviated procedures have been
and seem more practical for the future
it has also been possible to perform
quency ablation of accessory or slow pathways on an
outpatient basis (112, 113).

Clinical follow-up of patients having radiofrequency ab-
lation has not yet been long enough to determine the
effects and late consequences of the multiple cardiac le-
sions that are usually created during the procedure. Con-
cern regarding the arrhythmogenic potential of such le-
sions in the ventricular myocardium prompted us
and others to adopt the transseptal h as the pre-
ferred technique for ablation of left-sided accessory path-
ways from the atrial sid mitral annulus (20, 51, 53,
59). Furthermore, this h may provide easier ma-
nipulation and more stable positioning of the ablation
catheter with better tissue contact.

Finally, selection of patients still should be
the frequency and severity of symptoms (75).
quency ablation has definite risks and substantial costs.
Data comparing radiofrequency ablation with drug ther-

apy hni
from ubl
lines ta

with monitoring of efficacy and complication rates (114).
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