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Catheter Ablation Policy Statement
The initial NASPE policy statement on
catheter ablation was published in May 1992 and
was largely related to use of DC ablation. Radiofrequency catheter ablative procedures are currently
accepted as primary therapy for most patients with
supraventricular tachycardia and for several forms
of ventricular tachycardia. The purpose of this
report is to update the rationale and indications
for catheter ablative procedures. We also provide
recommendations regarding electrophysiological
laboratory personnel and facilities. Emphasis is
placed on procedures that have been extensively
used throughout the world and for which there is
adequate follow-up information. A detailed review
of the mechanism of arrhythmia was felt to be outside the mandate of this committee. Where possible, data are culled from large, prospectively designed trials, where available, as well as evidence
from numerous clinical trials.1−6 The recommendations for use of catheter ablation are formatted
in the style used in ACC/AHA documents.
Definition of Terms and Procedures
Catheter ablation refers to the intentional destruction of arrhythmogenic myocardial tissue,
atrioventricular connections or parts of the specialized conduction system in order to cure or
control cardiac arrhythmias. These procedures
currently almost exclusively use radiofrequency
energy and the mode of tissue destruction involves membrane disruption by delivery of thermal energy. These procedures are performed in
specialized laboratories, using fluoroscopy and
equipment to record surface and intracardiac
electrograms and pace the heart.
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Training and Roles of Nonphysician Personnel
Personnel in the procedure room should include a minimum of 2 support personnel (nurses,
technicians, or engineers). One nurse, physician
assistant, or anesthesiologist is required to administer sedation and carefully monitor vital signs
throughout the procedure. The precise responsibilities of the staff who assist with these procedures may vary depending on the particular
hospital situation. In most hospitals, the staff
is responsible for preparing the patient for the
procedure, operating the fluoroscopy system, the
radiofrequency generator, and the computerized
ECG electrogram recording and mapping (as required) equipment. Despite the absence of clinical studies in this area, it is our recommendation that the staff assisting with catheter ablation
procedures have been involved with at least 30
catheter ablation procedures before working independently in the electrophysiology laboratory and
that they continue to be involved with at least 30
catheter ablation procedures per year. It is optimal
to have support personnel who are dedicated to
electrophysiological studies. There is no consensus relative to the specifics of EP catheter nurse
performance. Some centers have instituted annual
tests to assess knowledge about arrhythmias and
resuscitation together with testing of skills relating to procedures and equipment.
It is felt that all complications should be
logged, and that physicians and lab personnel meet
every 3–4 months to discuss complications and
methods of improved practice as mandated by
the Joint Commission on Hospital Accreditation
Guidelines.
The required skills and training of personnel
may vary depending on the number and experience of physicians/electrophysiologists in the procedure room and the complexity of the case.
Guidelines for Use of Heparin
The overall risk of developing a thromboembolic complication after catheter ablation has

March 2003

789

SCHEINMAN, ET AL.

recently been estimated to be 0.6%.7 The risk of a
thromboembolic complication is higher when ablation is performed in the left heart (1.8% to 2.0%)
and/or for ventricular tachycardia (2.8%).7 A recent survey that examined this question reported a
lower incidence of thromboembolic complications
with only 1 cerebrovascular accident among the
3,357 ablation procedures.3 This lower incidence
of thromboembolic complications may represent,
at least in part, the greater recent use of closed
loop temperature control that has been shown to
decrease the incidence of coagulum formation, as
well as greater attention to systemic anticoagulation during catheter ablation procedures that involve catheter manipulation in the left heart.
Despite the absence of data from clinical trials, systemic anticoagulation with heparin is suggested during ablation procedures that involve
catheter manipulation in the left heart. Patients
are typically treated with a loading dose of heparin (60 units/kg with a maximum of 6,000 units).
Subsequent doses of heparin can be administered either as a continuous infusion (12 units/kg
per hour) or as intermittent boluses of 500 to
2,000 units based on the activating clotting time
(ACT). These doses may vary depending on individual patients or ablative procedures. The ACT
should be checked 15 to 30 minutes after the initial loading dose and every 30 to 60 minutes thereafter.8 The ACT should be maintained within a
range of 250 to 300 seconds. Higher levels of anticoagulation (ACT > 300 sec) are often used during procedures that are associated with the highest
risk of thromboembolic complications (i.e., use of
a basket catheter, focal pulmonary vein isolation,
or linear lesions in the left atrium for atrial fibrillation). Patients undergoing catheter ablation of
atrial fibrillation or atrial flutter who are in these arrhythmias immediately prior to the catheter ablation procedure should be anticoagulated according
to the guidelines that apply for external cardioversion of these arrhythmias.10 While current guidelines suggest an INR of 2–3 (prior to cardioversion),
it was felt that discontinuation of anticoagulants
for 2 to 3 days prior to the procedure should suffice for most patients. For high-risk patients, consideration should be given to use of low molecular
weight heparin injections or intravenous heparin
as the anticoagulant effect of warfarin dissipates
during the days prior to the procedure.
For procedures involving the right heart, anticoagulation should be strongly considered if an
intracardiac defect that could allow paradoxical
embolism is present, or when mapping or ablation
devices that increase the risk of thrombus formation are used. Anticoagulation may also be considered on an individual basis, particularly for long
procedures.
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Conscious Sedation
Conscious sedation is used widely to facilitate patient comfort during catheter ablation procedures.10−12 Patients are typically sedated with
midazolam alone or with a combination of midazolam and fentanyl throughout the procedure. The
sedation can be administered either by a physician, nurse, an anesthesiologist, or nurse anesthetist. Propofol is another agent that is commonly
used during cardioversion procedures. The specific agents, which can be used by various personnel, are often dictated by hospital policy.10−12
Defibrillation
Physicians who perform catheter ablation procedures should be familiar with the indications,
precautions, techniques, and complications associated with internal and external cardioversion/defibrillation procedures. These issues are
discussed in detail in the recently published American College of Cardiology/American Heart Association Clinical Competence Statement.13 All patients who undergo catheter ablation procedures
should be attached to an external defibrillator with
skin patch-electrodes. It is now clear that biphasic defibrillation waveforms are more efficacious
than monophasic defibrillation waveforms.14 Low
energy internal cardioversion is currently being
used by many centers during procedures such as
catheter ablation of atrial fibrillation where multiple defibrillations are required.15
Facilities and Equipment
Comprehensive catheter ablation programs require a fully equipped invasive electrophysiological laboratory and ready access to surgical support
and facilities. It was felt that full cardiac surgical
support was desirable but that at minimum, facilities performing ablation should have thoracic
surgical backup. Imaging equipment with pulsed
fluoroscopy and image storage capability is recommended. Image storage is particularly helpful during catheter ablation near vital structures. These
include selective AV nodal pathway ablation in
perinodal regions, septal accessory tracts, or ablation of aortic valve cusp tachycardia. Image storage
is also necessary to obtain static frames of angiographic recordings of the coronary vasculature, including the coronary or pulmonary venous system,
aortic root, and cardiac chambers prior to or during the mapping and ablation procedure. Biplane
or C-arm x-ray equipment, which allows rapid acquisition of fluoroscopic images in different planes
is desirable and recommended.16
Ideally, cine or digital imaging should be
available for more complete recordings of angiographic images for left atrial, pulmonary vein,
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coronary venous system, left ventricular and
right ventricular ablation procedures. During all
of these procedures, hemodynamic monitoring
should be performed for patient safety. Minimum
standards include monitoring of systemic arterial
blood pressure by automatic cuff or intra-arterial
catheter, together with continuous monitoring
of peripheral oxygen saturation. Other intracardiac or intravascular pressures may be recorded
during specific procedures such as transseptal
puncture or in patients with severely depressed
ventricular function. Additional imaging equipment may include intracardiac ultrasound for
catheter placement or transseptal puncture, monitoring lesion location and development, and atrial
or ventricular function.17,18 It may help reduce radiation exposure from fluoroscopic imaging.19
Mapping equipment, which creates threedimensional anatomic reconstruction, helps to relate physiologic data to cardiac anatomy. These
systems may further assist in the placement of
multiple catheters, application of serial linear ablative lesions, and reduce radiation exposure by
providing nonfluoroscopic guidance to electrode
catheter locations. Systems that allow for single
beat mapping may facilitate mapping and shorten
the procedure time.20,21 Such equipment is highly
desirable when complex ablative procedures are
planned in the atrium or the ventricle, when multiple tachycardias may be present, or brief evanescent arrhythmias are mapped.
Radiation exposure precautions, including
shielding of personnel and patients, are necessary.
Ceiling suspended and/or floor mounted radiation
shielding is highly recommended, and is essential in laboratories performing prolonged complex
imaging and ablative procedures. The laboratory
should establish guidelines for total radiation exposure and should monitor patient exposure as
outlined in the NASPE position paper on radiation
exposure.22 Upon completion of the procedure, radiation exposure and fluoroscopic time should be
recorded.
Recording equipment should include a multichannel digital or analog recorder capable of monitoring a minimum of 3, preferably 12, surface
electrocardiographic leads simultaneously with
a minimum of 4, preferably 12 to 24, intracardiac recordings. Hard copy recordings should be
available for immediate review at paper speeds
of at least 100 mm/sec. Data storage preferably
on optical disc is recommended for subsequent
review and analysis. A digital or computerized
programmed stimulator is required for arrhythmia induction, diagnostic testing, and tachycardia termination. Availability of at least one fully
functional external DC defibrillator with noninvasive cardiac pacing capability is mandatory durPACE, Vol. 26

ing these procedures. A biphasic waveform defibrillator is recommended. Facilities for temporary
or permanent cardiac pacing should be available.
Application of internal catheter DC shocks may
be needed during procedures or resuscitation efforts. Catheter electrodes and defibrillation energy
sources designed for such applications may be required in such clinical situations.
Ablation energy should include a radiofrequency current generator with a minimum
power output of 50 watts with temperature and
impedance monitoring. Other energy sources may
be used in ablative procedures and all such equipment should be utilized in a manner conforming to
hospital, local, and national regulations governing
their application. In addition, the ablation catheter
should be inspected periodically during the procedure if monitoring suggests the presence of coagulum. If reprocessed catheters are used for ablation,
these should meet national and institutional standards for performance and sterility.
The laboratory and site should be equipped
to care for patients with acute cardiac or extracardiac complications of ablative procedures such as
coronary thrombosis, cardiac tamponade, vascular dissection, or pneumothorax. Oxygen, suction
and airway maintenance instrumentation should
be present. Availability of general anesthesia is recommended and is essential for pediatric patients.
Ventilatory support, with intubation facilities and
mechanical ventilators, should be available.
Indications for Ablation Procedures
Atrial Tachycardia
Mechanisms

Atrial tachycardia (AT) can be classified according to anatomic sites or mechanism. Most AT
originate in the right atrium, are focal in origin, and
have electropharmacological responses consistent
with cAMP-mediated triggered activity.23 Preferential sites of origin include the long axis of the
crista terminalis and the circumference of the tricuspid annulus. Other focal sites that give rise to
AT and that may also immediately precede atrial
fibrillation include the pulmonary veins, ligament
of Marshall, coronary sinus ostium, and superior
vena cava. The mechanism of these focal tachycardias has not been definitely defined but are thought
to be triggered. Finally, focal AT may be due to an
automatic mechanism, examples of which include
atrial tachycardia that clusters near the mouths of
the atrial appendages (most often observed in children) and inappropriate sinus tachycardia.
Macroreentrant atrial tachycardia may involve complex reentrant circuits involving either
the right or left atrium. (These mechanisms are discussed in the flutter section below.)
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Success rates for AT are highly dependent
on whether the tachycardia is focal or related
to atrial scarring (macroreentry). Relative to the
other paroxysmal supraventricular arrhythmias,
the number of patients in whom ablation has been
performed is small. Because the complexity of
cases considered appropriate for ablation of AT has
dramatically changed over the last several years,
we have compiled data from published reports
since 1995.24−29 Data from each AT subtype comprise less than 100 patients. Published success
rates for incisional reentrant tachycardia are approximately 85%. Recurrence rates may be as high
as 50% and these patients often have between 2
and 4 reentrant circuits, not all of which are targeted for ablation. Complications associated with
this procedure are approximately 1%.
Success rates for focal AT are in general,
higher than for surgical “scar” related AT. For example, the acute success rate in focal AT is 70–90%
with better results for right atrial foci. Complications are uncommon. Although published reports
of patients with inappropriate sinus tachycardia
suggest that acute ablation success rates approach
75%–90%, enthusiasm for this procedure is tempered by high recurrence rates. Complications
of the procedure include transient superior vena
cava syndrome, right phrenic nerve injury with
right diaphragmatic paralysis, and inadequate subsidiary atrial escape rates necessitating pacemaker
implantation.30
Ablation of atrial tachycardia originating from
the crista terminalis is successful in approximately
95% of patients. Complications include damage to
the right phrenic nerve, and sinus node dysfunction in arrhythmias originating from the superior
aspect of the crista terminalis. Finally, ablation of
rare forms of AT originating from the anteroseptal
annular region can result in complete heart block.
Catheter Ablation for the AV Junction, AV
Node Reentry, and Accessory Pathways
Mechanisms or Rationale for Ablation

Accessory Pathway

Tachycardias supported by extra-nodal accessory pathways are usually characterized by antegrade AV nodal conduction and retrograde accessory pathway conduction. In unusual circumstances conduction may proceed antegrade over
the pathway and retrograde over the node. In either instance ablation of the accessory pathway is
the desired approach.
Many prior reports have adequately documented the safety and efficacy of ablative procedures for control or care of supraventricular arrhythmias.1,2 Three large prospective trials have
focused on the safety and/or efficacy of catheter ablation of the AV junction and for patients with AV
node reentry or accessory pathways.3−5 The studies show remarkable concordance and the results
of one study is detailed below.
The NASPE voluntary registry was a prospective study of 3,423 ablative procedures performed
at 68 centers in the United States for the calendar year 1998. Both acute and, where possible, 6
month follow-up data were obtained by a trained
nurse coordinator.
For the group of patients requiring AV junctional ablation, slow pathway ablation for AVNRT,
or accessory pathway ablation, the acute success
rate was found to be in excess of 90% (Tables I
and II). Significant complications for those undergoing AVJ ablation included a death due to
pacemaker malfunction. Others have reported a

Table I.
Percent of Successful Ablations and of Complications for
Teaching Versus Nonteaching Hospitals

AV Junctional Ablation

AV junctional ablation is usually performed
for patients with atrial fibrillation and rapid ventricular response whose rate cannot be controlled
with drug therapy. Available data have documented improved quality of life, together with a
sustained increase in ejection fraction for those
with depressed systolic function.31−40
AV Nodal Reentry

These patients have dual AV nodal pathways
and reentrant arrhythmias involving the AV node.
The usual mechanism involves antegrade “slow”
792

pathway and retrograde “fast” pathway conduction. Ablation is directed towards elimination of
the slow pathway since the risk of AV block is
clearly lower. Other forms of tachycardia manifestations including antegrade fast, retrograde slow
conduction, or so-called slow-slow AV nodal reentry have been described but the slow pathway is
preferentially targeted.1−5

Procedure
AVJ
AVNRT
AP (total)
Left free wall
Right free wall
Septal
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Teaching
Hospital
% Success

Nonteaching
Hospital
% Success

171/176, 97.2%
456/476, 95.8%
255/275, 92.7%
160/172, 93.6%
26/27, 96.3%
75/83, 90.4%

458/470, 97.4%
705/732, 93.2%
372/399, 93.2%
232/247, 93.9%
54/56, 96.4%
90/103, 87.4%
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in either academic centers or in experienced
community hospitals.

Table II.
Percent of Successful Ablations and Percent of
Complications for the Medical Centers Which Did >100
Cases Versus <100 Cases in 1998

Procedure
AVJ
AVNRT
AP (total)
Left free wall
Right free wall
Septal

With >100 Cases
% Success

With <100 Cases
% Success

354/366, 96.7%
603/627, 96.2%
315/339, 92.9%
201/216, 93.1%
37/39, 94.9%
144/160, 90.0%

275/280, 98.2%
558/581, 95.8%
312/335, 93.1%
191/202, 94.6%
43/44, 97.7%
85/98, 86.7%

small incidence of sudden death due to polymorphous ventricular tachycardia (VT) early after ablation and recommend cardiac pacing at relatively rapid rates for several weeks after AVJ
ablation.6
Ablation

Even after successful AV junctional ablation,
the patient may still have symptoms related to
pacemaker mode switch and/or pacemaker syndrome. In addition, the need for anticoagulant therapy for atrial fibrillation or flutter is not abrogated.
For patients undergoing slow pathway ablation for AVNRT, the incidence of second degree
AV block was 0.16%, 0.74% developed complete
AV block, and there were no other significant
complications. For patients with accessory pathways, success rates varied depending on pathway location. Patients with septal pathways had
a slightly lower incidence of successful ablation
compared to those with free wall pathways. Complications included instances of cardiac tamponade, AV block, and rare instances of coronary
occlusion and pulmonary embolism. The results
for various ablative procedures are listed in Table I,
which compares procedures performed at teaching hospitals versus community hospitals. No significant difference was found in incidence of successful ablation or complications between the two
groups. In addition, comparison of data for large
volume centers (i.e., those performing >100 cases
per year) versus lower volume centers (≤ 100 cases
per year) (Table II) showed no significant difference between the groups.
We conclude from these data that ablation of
the AV junction, slow AV nodal pathway for patients with AVNRT, and accessory pathway ablation, have matured to the point where these procedures can be performed effectively and safely
PACE, Vol. 26

Atrial Flutter
The vast majority of atrial flutter cases, estimated at about 90%, involve reentry through an isthmus bounded on one side by the tricuspid valve
annulus and on the other side by the inferior vena
cava orifice, the Eustachian ridge, and the coronary
sinus os. This isthmus is often referred to as the subeustachian isthmus. The tachycardia circuit may
either show a pattern of counterclockwise (typical
atrial flutter) or clockwise (reverse typical atrial
flutter) progression around the tricuspid annulus
as viewed fluoroscopically in the LAO position.41
Other less common forms of atrial flutter include: (1) lesion reentry atrial flutter in which a
lesion, often from a surgical incision associated
with repair of a congenital heart defect, serves as
the central line of block around which the reentrant wavefront circulates - some forms of lesion
reentry may have a very complex reentrant circuit and in others the reentrant circuit may involve
the subeustacian isthmus; (2) left atrial flutter, in
which the atrial flutter reentrant circuit is confined
to the left atrium, and (3) atypical atrial flutter,
which includes all other forms of reentrant atrial
tachycardia in the rate range of atrial flutter that
are not described by the above types.
Indications for Atrial Flutter Ablation

(i) Atrial flutter in which the reentrant circuit
involves the subeustachian isthmus.
Subeustachian isthmus dependent atrial flutter may be cured by using radiofrequency energy
delivered via a catheter electrode that achieves
bidirectional block of impulses in this isthmus.42−45 A variant of this is when atrial fibrillation, treated with an antiarrhythmic drug, recurs as subeustachian isthmus dependent flutter.
In such instances, complete ablation of the atrial
flutter isthmus, i.e., achieving bidirectional block
in the subeustachian isthmus plus continuation of
the antiarrhythmic drug will prevent recurrence of
both the atrial flutter and the atrial fibrillation in
70%–80% of cases.46,47
Use of ablative therapy to achieve bidirectional subeustachian isthmus block is associated with a high rate of acute success. However, an atrial flutter recurrence rate of about 7%
has been reported, invariably associated with recovery of conduction through the subeustachian
isthmus.29,32 It should be appreciated that in
some cases of subeustachian isthmus dependent
atrial flutter, anatomic variations make achieving bidirectional isthmus block quite difficult.
Some uncommon types of atrial flutter have a
reentrant circuit which utilizes the subeustachian
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isthmus, including lower loop reentry.48 In these
instances, ablation to create bidirectional block
in the subeustachian isthmus provides effective
treatment. Many cases of atrial flutter associated
with surgical repair of congenital heart disease are
due to lesion reentry or are subeustachian isthmus
dependent.49,50
(ii) Lesion reentry atrial flutter
When a reentrant circuit due to lesion reentry can be demonstrated, atrial flutter can be cured
with ablation by establishing a line of bidirectional
block from the lesion to a nearby inexcitable atrial
boundary.49,50 The efficacy of applying ablative
techniques to cure this type of atrial flutter depends on the ability to identify (map) the reentrant
circuit, and find a vulnerable pathway (isthmus) to
ablate. Nevertheless, atrial flutter associated with
surgical lesions may be very complex and difficult to ablate. Should ablation therapy be contemplated, mapping of the reentrant circuit with
identification of a vulnerable isthmus is critical to
achieve success. Ablation should be considered in
the absence of ability to control the ventricular rate
or in the presence of ventricular dysfunction suspected to be related to the arrhythmia, otherwise
it is desirable to demonstrate failure of suppressive antiarrhythmic drug therapy with at least one
antiarrhythmic drug before proceeding to ablative
therapy.
Success and Complications

The only large, prospective, multicenter report on the success of ablation of atrial flutter
comes from the 1998 NASPE prospective catheter
ablation registry (3). In this registry, a total of 477
patients underwent ablation of the atrial flutter
isthmus for attempted cure of atrial flutter. Interestingly, 97 (20.4%) of the patients had failed a
prior atrial flutter ablation. The data do not indicate whether there was any confirmation that
the atrial flutter isthmus was a part of the atrial
flutter reentrant circuit, nor whether bidirectional
conduction block in the atrial flutter isthmus was
achieved or even tested following the ablation. For
the group as a whole, acute success was achieved
in 85.8% of patients. Of particular note, the mean
age was 61 + 14 years, and 134 patients (28.3%)
were over age 70.
On follow-up, recurrent atrial flutter was documented in 64 (l4.7%) of patients, and 28 of these
patients underwent a repeat ablation procedure.
The recurrence rate reported may be related to criteria used to diagnose bidirectional isthmus block.
Complications occurred in 1.2% of procedures and
were largely those typical of right heart catheterization.3 They included bleeding/hematoma in
3 patients, cardiac tamponade in one patient, deep
vein thrombosis in one patient, and hemopneu794

mothorax in one patient. Complications perhaps
more in line with the risks peculiar to atrial flutter
included 2 patients with inadvertent complete AV
block, one patient with AV nodal Wenckebach conduction, and one patient with significant tricuspid
regurgitation. Also, one patient had hypoxia, and
another patient had hypotension. At follow up,
3 patients had died. One had congestive heart failure, and the cause of death was unknown in the
other 2 patients.
Atrial Fibrillation
Atrial fibrillation may occur as a result of functional abnormalities or structural changes involving the atria. Functional abnormalities include alternations in autonomic tone (either increased vagal or increased sympathetic may produce atrial
fibrillation). In addition, the arrhythmia may appear in patients with hyperthyroidism. Patients
with supraventricular tachycardia, of course, may
develop atrial fibrillation in response to more rapid
rates and/or premature beats.
For experimental models of atrial fibrillation,
multiple circulating reentrant waves appear to be
present. In some, atrial fibrillation may be due
to a dominant rotor (mother wave) that serves to
perpetuate the arrhythmia. Premature atrial depolarizations or bursts of atrial tachycardia may
trigger and/or perpetuation of atrial fibrillation. In
humans, these triggering foci often arise from the
pulmonary veins, but also may occur in other areas, such as the superior vena cava or coronary
sinus.
Because catheter ablation of atrial fibrillation
is still a young discipline, and because the various ablation techniques used to cure atrial fibrillation are still evolving, conclusive data regarding
the efficacy and safety of these techniques are not
available.
In studies that ranged in size from 8–45 patients, linear ablation in the left and/or right atrium
has been reported to eliminate atrial fibrillation
in 0%–58% of patients.51−55 Better results have
been obtained in patients with paroxysmal atrial
fibrillation, either by focal ablation (usually within
the pulmonary veins) of the premature depolarizations that trigger atrial fibrillation,56,57 segmental
isolation of pulmonary veins guided by pulmonary
vein potentials,58 or complete electrical isolation
of the pulmonary veins by circumferential ostial
ablation. Circumferential ostial ablation has been
accomplished with contiguous applications of radiofrequency energy. The acute success rates have
ranged from 62%–90% at mean follow-up intervals of less than 1 year, with recurrence rates of
25%–40%. The best candidates for ablation procedures directed at the pulmonary veins appear
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to be patients with idiopathic paroxysmal atrial
fibrillation.
The risk of major complications resulting
from catheter ablation of atrial fibrillation has
been higher than with catheter ablation of other
supraventricular arrhythmias. Because only a
small number of clinical studies have described
the results of catheter ablation of atrial fibrillation,
and because these studies have included small
numbers of patients and have used different techniques, a reliable estimate of risk is not yet available. While complications of procedures in the left
atrium have been reported as high as pericardial effusion/tamponade in up to 11% of patients, a cerebral ischemic event in up to 8% of patients, and
5%–20% of patients pulmonary vein stenosis; current estimates of serious complications from experienced centers are in the 2%–3% range. Ablation
in the right atrium has been associated with sinus
node dysfunction and pericardial effusion, each
in up to 8% of patients. The techniques used to
ablate atrial fibrillation are still in a development
stage, and the risk:benefit ratio of these techniques
remains to be determined. Because catheter ablation of atrial fibrillation is technically challenging and associated with a risk of serious complications, the procedure should be performed only
in electrophysiology laboratories staffed by experienced and well-trained operators and support
personnel.
Catheter Ablation of Ventricular Tachycardia
Mechanism of Ventricular Tachycardia
Ventricular tachycardia usually occurs in patients with structural cardiac disease. In patients with structural heart disease, particularly
prior infarction, the most common mechanism
for monomorphic ventricular tachycardia is related to reentry within and/or around scarred
myocardium, although nonreentrant mechanisms
also occur. Ventricular tachycardia may occur
in patients with normal hearts and may be related to triggered or automatic rhythms (right
ventricular outflow tract ventricular tachycardia) or reentry (i.e., left fascicular ventricular
tachycardia).
In patients without structural heart disease idiopathic ventricular tachycardia most commonly
arises either in the right ventricular outflow tract
or involves the left posterior fascicle in the left ventricle. Radiofrequency catheter ablation of these
types of ventricular tachycardia has had a longterm success rate ranging from 85%–100%,59−62
and complications have been rare, with only one
instance of myocardial perforation and death being
reported. This must be considered a minimal figure. Less common sites include foci arising from
PACE, Vol. 26

the left ventricular outflow tract (LVOT) or from
the left anterior fascicle. LVOT ablation carries the
risk of damage to the coronary arteries.
In contrast, for patients with structural heart
disease (i.e., ischemic heart disease, dilated cardiomyopathy, or RV dysplasia), radiofrequency
catheter ablation is usually not curative. In patients with structural heart disease, multiple morphologies of ventricular tachycardia are often
present, recurrences are potentially lethal, and
unpredictable changes in the myocardial substrate can occur. Catheter ablation often is used
as adjunctive therapy in association with an implantable cardioverter/defibrillator (ICD). Conventional mapping techniques require the ventricular tachycardia to be hemodynamically stable,
and this traditionally has limited the feasibility of
catheter ablation to a small proportion of patients
with ventricular tachycardia in the setting of structural heart disease. In selected patients with coronary artery disease and hemodynamically stable
ventricular tachycardia reported in single center
studies, the success rate of conventional radiofrequency catheter ablation has ranged from 67%–
96%, with a serious complication in <2% of patients.63−78 In contrast, in patients with ventricular
tachycardia due to bundle branch reentry, ablation
of either right or left bundle branch is usually curative.79−81
In the only prospective, multicenter study
of radiofrequency catheter ablation of ventricular tachycardia, 146 patients with structural heart
disease underwent ablation with a saline-irrigated
ablation catheter, which results in larger lesions
than conventional radiofrequency ablation.78 The
acute success rate in eliminating all mappable
ventricular tachycardias was 75%, but the 1-year
recurrence rate was 56%. Lethal and nonlethal
major complications occurred in 2.7% and 5.3%
of patients, respectively.78 Therefore, although radiofrequency ablation of ventricular tachycardia
with a saline-irrigated catheter has a favorable
acute success rate, the short-term benefit from
the procedure must be carefully weighed against
the risk of serious complications and a high recurrence rate of ventricular tachycardia during
follow-up.
Newer mapping technologies available for
clinical use include basket catheters, electroanatomic mapping, and noncontact mapping.
Catheter ablation of hemodynamically unstable ventricular tachycardia by placing lines of
radiofrequency lesions through areas of low
voltage scar, appears feasible. However, further studies are needed to determine the longterm efficacy of catheter ablation of unstable
ventricular tachycardia guided by these new
approaches.
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Radiofrequency Catheter Ablation
for the Pediatric Population
The ablation of arrhythmias in children poses
unique challenges compared with adults due to
differences in body habitus, vascular and cardiac
dimensions, the presence of congenital cardiovascular defects in 12%, and the psychological make
up of the patients. The types of arrhythmias treated
are the same but the prevalence is different. In pediatric patients automatic atrial tachycardias are
seen more frequently than in adults and accessory
pathway mediated tachycardias are also more frequent. The equipment used for pediatric ablation
is virtually identical with greater use of smaller
ablation catheters. The techniques are very similar except that general anesthesia is used more
frequently in children.
The Pediatric Radiofrequency Ablation Registry of the Pediatric Electrophysiology Society
is a voluntary data collection registry focusing
on acute results from 49 centers.82 Data comprised 6,504 patients who underwent 7,305 procedures. Their ages ranged from 0.1–20.9 years
(mean 12.3 years) and their weight from 1.9–139 kg
mean. Eighty-eight percent had anatomically normal hearts. Of the congenital defects, Ebstein’s
anomaly and congenitally corrected transposition
were the most common.
Successful ablation was achieved in 91% of
patients with accessory pathways, 97% for those
with AV nodal reentry, 87% for those with focal atrial tachycardia, 75% for those with atrial
flutter, and 48% of those with ventricular tachycardia. Factors associated with success included
the presence of a left free wall accessory pathway
and AV node reentry. Factors associated with failure included anterior septal pathways, ventricular tachycardia, and intra-atrial reentry. Complications occurred in 7.6% of cases and included
2.9% major complications. Complications were
more frequent in patients with anteroseptal pathways. Twenty-seven percent of major complications were second or third degree AV block while
22% involved perforation and/or a pericardial
effusion. Major complications increased significantly in patients <4 years of age. Death occurred
acutely or during follow-up in 0.46% of patients
but at least half were unrelated to the procedure.
Factors favoring fewer complications were the
presence of right free wall pathways and the experience of the operator (>20 previous ablations).
Factors associated with increased likelihood of
death were presence of congenital heart disease
and left-sided foci or pathways.
Thus, radiofrequency catheter ablation has
been carried out in children by experienced pediatric teams, with similar success rates and compli-
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cation rates as in adults. The natural history of frequent spontaneous resolution of all mechanisms of
tachycardia in the first year of life favors a cautious
approach in this age group.
RECOMMENDATIONS: The recommendations for catheter ablation of specific tachycardias
are categorized in the standard ACC/AHA format
as follows:
Class I: Conditions for which there is general
agreement that a given procedure or treatment is
beneficial, useful, and effective.
Class II: Conditions for which there is conflicting evidence and/or a divergence of opinion
about the usefulness/efficacy of a procedure or
treatment.
Class IIa: Weight of evidence/opinion is in
favor of usefulness/efficacy.
Class IIb: Usefulness/efficacy is less well established by evidence/opinion.
Class III: Conditions for which there is evidence and/or general agreement that a procedure/treatment is not useful/effective and in some
cases may be harmful.
In addition, the recommendations are evidence based where possible:
Level A: Data supporting recommendation is
derived from multiple randomized clinical trials
that included large numbers of patients.
Level B: Data supporting recommendation is
derived from a limited number of randomized trials including small numbers of patients or from
data analysis of nonrandomized studies or observational data registries.
Level C: Recommendation is based on consensus of expert opinion without evidence from
clinical trials.
Class I
1. AV node reentry: slow pathway ablation:
For those patients in whom treatment of AVNRT
is deemed necessary ablation can be offered as an
initial therapy option. Ablation should be recommended for those patients who have failed ≥1 antiarrhythmic drug or who have significant side effects to drug therapy. (Evidence level B.)
Fast pathway ablation: Because of the risk of
complete heart block, ablation directed at the fast
pathway should be reserved for those patients who
have failed drug therapy as well as prior attempts
at slow pathway ablation.
2. AV reentry: Recommendation for ablation
therapy for patients with accessory pathway mediated SVT are the same as for AV node reentry
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above, with the exception of those patients with
atrial fibrillation and rapid ventricular response
who should undergo ablation as initial therapy. Patients with anteroseptal pathways deserve special
consideration because the increased risk of complete heart block from catheter ablation reduces
the benefit/risk balance. (Evidence level B.)
3. AV junction: Ablation of the AV junction with subsequent complete heart block should
be recommended for those patients with atrial
tachycardias, particularly persistent or permanent
atrial fibrillation in which the ventricular response
rate cannot be adequately controlled with AV
nodal blocking agents. (Evidence level A.)
4. Focal atrial tachycardia: In general patients with focal atrial tachycardias should receive
at least one trial of antiarrhythmic drug therapy
prior to catheter ablation. However depending on
the experience of the electrophysiologist and resources such as specialized mapping systems, ablation could be offered as an initial therapeutic approach when therapy to suppress the arrhythmia
is required. (Evidence level B.)
5. Isthmus dependent atrial flutter: Ablation can be considered initial therapy for patients
with recurrent isthmus-dependent atrial flutter.
(Evidence level A.)
Class IIa
1. Nonisthmus-dependent macroreentrant
atrial tachycardias: These atrial tachycardias include scar-related macroreentrant atrial tachycardia, left atrial macroreentrant tachycardia, and
other atypical atrial flutters. Because of the potential complexity of these reentrant circuits, ablation
should be recommended only after a trial of drug
therapy. (Evidence level B, C.)
2. Idiopathic ventricular tachycardia: Because of the small numbers of patients reported
and the limited follow-up, the accumulated evidence is insufficient to determine the complications of ablation and the long-term outcome in
these patients. Ablation should be considered as
therapy for these tachycardias after an appropriate trial of antiarrhythmic drug therapy. Ablation
should be considered as therapy for these tachycardias after an appropriate trial of antiarrhythmic
drug therapy or as initial therapy for patients unwilling or unable to take drugs.
RV outflow tract: In the typical individual
with exercise-induced ventricular tachycardia ablation should be considered after a trial of βblocker therapy. (Evidence level C.)
LV fascicular tachycardia: similarly for patients without structural cardiac disease and fascicular tachycardia, ablation should be considered after a failed trial of drug therapy. (Evidence
level C.)
PACE, Vol. 26

3. Ischemic ventricular tachycardia: Ablation should generally be considered as adjunctive
and not curative therapy for ischemic VT and as
such should only be recommended as treatment
for drug-refractory recurrent VT. (Evidence level
B, C.)
Class IIb
1. Inappropriate sinus tachycardia: Because
of a high recurrence rate and persistence of nonspecific symptomatology postablation, catheter
ablation can be considered only after trials of
drug therapy including β-blockers. (Evidence
level C.)
2. Atrial fibrillation: Because of the small
numbers of patients reported, the short duration
of follow-up, and the developing approach to the
specific technique of performing ablation, the accumulated evidence is insufficient to determine
the complications and long-term outcome in these
patients. Ablation could be considered as therapy
for patients with paroxysmal (focal) atrial fibrillation after an appropriate trial of antiarrhythmic
therapy. Patients with permanent atrial fibrillation
who might be considered for catheter-based ablative therapy should be referred to centers with
a specific interest and experience in performing
more complex procedures required for these cases.
(Evidence level B, C.)
3. Left ventricular outflow tract: Because of
the possibility of the potential for significant complications with ablation at the LV outflow tract,
ablation should be recommended only after a trial
of drug therapy (Evidence level C.)
4. Arrhythmogenic RV dysplasia VT: Because
of the high recurrence rate of VT associated with
ARVD, ablation should only be considered adjunctive therapy and should be recommended only in
cases of recurrences after adequate drug therapy.
(Evidence level C.)
Class III
1. Tachycardias with reversible causes: Any
tachycardia or treatable trigger should be managed
medically with treatment directed at the precipitating mechanism. Such tachycardias might include VT due to acute ischemia and drug-induced
tachycardias.
2. Sinus node modification or ablation prior
to trials of drug therapy.
3. Sinus node modification or ablation for patients with postural orthostatic hypotension.
4. Accessory pathway ablation for patients
with pre-excitation, but who are asymptomatic
(except possible extenuating circumstances relating to pediatric population or high-risk occupational situations).
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