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PREAMBLE

It is important that the medical profession play a significant
role in critically evaluating the use of diagnostic procedures
and therapies in the management or prevention of disease
states. Rigorous and expert analysis of the avail able data doc-
umenting relative benefits and risks of those procedures and
therapies can produce helpful guidelines that improve the
effectiveness of care, optimize patient outcomes, and gener-
aly have a favorable effect on the overal cost of care by
focusing resources on the most effective strategies.

The American College of Cardiology Foundation (ACCF),
the American Heart Association (AHA) have jointly engaged
in the production of such guidelines in the area of cardiovas-
cular disease since 1980. The ACC/AHA Task Force on
Practice Guidelines, whose charge is to develop and revise
practice guidelines for important cardiovascular diseases and
procedures, directs this effort. The Task Force is pleased to
have this guideline cosponsored by the European Society of
Cardiology (ESC). Expertsin the subject under consideration
have been selected from al three organizations to examine
subject-specific data and write guidelines. The process
includes additional representatives from other medical prac-
titioner and speciaty groups when appropriate. Writing
groups are specifically charged to perform aformal literature
review, weigh the strength of evidence for or against a par-
ticular treatment or procedure, and include estimates of
expected health outcomes where data exist. Patient-specific
modifiers, comorbidities and issues of patient preference that
might influence the choice of particular tests or therapies are
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considered as well as frequency of follow-up. When avail-
able, information from studies on cost is considered, but
review of data on diagnostic or therapeutic efficacy and clin-
ical outcomes is the primary basis for preparing recommen-
dations in these guidelines.

The ACC/AHA Task Force on Practice Guidelines and the
ESC Committee on Practice Guidelines make every effort to
avoid any actual or potential conflict of interest that might
arise as aresult of an industry relationship or from persona
biases of the writing panel. Specifically, all members of the
writing panel were asked to provide disclosure statements of
al such relationships that might be perceived as rea or
potential conflicts of interest. These statements are reported
orally to all members of the writing panel during the first
meeting and are updated as changes occur.

These practice guidelines are intended to assist physicians
in clinical decision making by describing arange of general-
ly acceptable approaches for the diagnosis and management
of supraventricular arrhythmias. These guidelines attempt to
define practices that meet the needs of most patients in most
circumstances. The ultimate judgment regarding care of a
particular patient must be made by the physician and the
patient in light of al of the circumstances presented by that
patient. There are circumstances in which deviations from
these guidelines are appropriate.

Elliott M. Antman, MD, FACC, FAHA
Chair, ACC/AHA Task Force on Practice Guidelines

Slvia G. Priori, MD, PhD, FESC
Chair, ESC Committee for Practice Guidelines

[. INTRODUCTION

A. Organization of Committee and
Evidence Review

Supraventricular arrhythmias are a group of common rhythm
disturbances. The most common treatment strategies include
antiarrhythmic drug therapy and catheter ablation. Over the
last decade, the latter has been shown to be a highly success-
ful and often curative intervention. With the advent of new
therapeutic interventions and sophisticated mapping tools,
even very complex arrhythmias may be cured. To facilitate
and optimize the management of patients with supraventric-
ular arrhythmias, the ACCF, the AHA, and the ESC created a
committee to establish guidelines for better management of
these heterogeneous tachyarrhythmias. This document sum-
marizes the management of patients with supraventricular
arrhythmias with recommendations for diagnostic proce-
dures as well as indications for antiarrhythmic drugs and/or
nonpharmacologic treatments.

The panel was composed of physicians and scientists at
university and community hospitals. Members were selected
to represent experts from different European countries and
from the United States and to include members of associa-
tions or working groups whose activities and fields of inter-
est wererelated to the topic of the writing committee, includ-
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ing the ESC Working Groups on Arrhythmias, Cardiac
Pacing, and Grown-Up Congenital Heart Diseases and the
North American Society of Pacing and Electrophysiology
(NASPE-Heart Rhythm Society). The writing committee was
composed of six members representing the ACCF and the
AHA, four members representing the ESC, and one member
representing NASPE. The writing committee was chosen on
the basis of willingness and availahility to participate active-
ly in meetings and the production of the final manuscript.
Writing groups are specificaly charged to perform a formal
literature review, weigh the strength of evidence for or
against a particular treatment or procedure, and estimate
expected health outcomes where data exist. Patient-specific
modifiers, comorbidities, and issues of patient preference
that might influence the choice of particular tests or therapies
are considered, as are frequency of follow-up and cost effec-
tiveness. In controversial areas, or with regard to issues with-
out evidence other than usual clinical practice, a consensus
was achieved by agreement of the expert panel after thorough
deliberations.

This document was peer reviewed by two official external
reviewers representing the American College of Cardiology
Foundation, two official external reviewers representing the
American Heart Association, and two official external
reviewers representing the European Society of Cardiology.
The North American Society for Pacing and Electro-
physiology-Heart Rhythm Society assigned one organiza-
tional reviewer to the guideline. In addition, 37 external con-
tent reviewers participated in the review representing the
ACC/AHA Task Force on Practice Guidelines, the ESC
Committee for Practice Guidelines, the ACCF Electro-
physiology Committee, the AHA ECG/Arrhythmias
Committee, the ESC Working Group on Arrhythmias, and
the ESC Task Force on Grown-Up Congenital Heart Disease.
See Appendix 2 for the names of all reviewers.

The document was approved for publication by the govern-
ing bodies of the ACCF, AHA, and ESC. These guidelines
will be reviewed annually by the ESC and the ACC/AHA
Task Force on Practice Guidelines and will be considered
current unless they are revised or withdrawn from distribu-
tion.

The ACC/AHA/ESC Writing Committee to Develop
Guidelines for the Management of Patients With
Supraventricular Tachycardias conducted a comprehensive
review of the relevant literature. Literature searches were
conducted in the following databases. PubMed/Medline,
EMBASE, the Cochrane Library (including the Cochrane
Database of Systematic Reviews and the Cochrane
Controlled Trials Registry), and Best Evidence. Searches
were limited to English language sources and to human sub-
jects. The references selected for this document are exclu-
sively peer-reviewed papers that are representative but not
all-inclusive.

Recommendations are evidence-based and derived primari-
ly from published data. The level of evidence was ranked as
follows:

Level A (highest): derived from multiple randomized clini-
cal trials;
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Level B (intermediate): Data are based on alimited number
of randomized trias, nonrandomized studies, or observation-
a registries;

Level C (lowest): Primary basis for the recommendation
was expert consensus.

Recommendations follow the format of previous
ACC/AHA guidelines for classifying indications, summariz-
ing both the evidence and expert opinion.

Class I: Conditions for which there is evidence and/or
general agreement that a given procedure or
treatment is useful and effective.

Class I1: Conditions for which there is conflicting evi-
dence and/or a divergence of opinion about
the usefulnesgefficacy of a procedure or
treatment.

ClassIla: Weight of evidence or opinionisin
favor of usefulnesgefficacy.

Class IIb: Usefulnesgefficacy is less well
established by evidence or opinion.

Class I11: Conditions for which thereis evidence and/or
general agreement that the procedure or
treatment is not useful/effective and in some
cases may be harmful.

B. Contents of These Guidelines—Scope

The purpose of this joint ACC/AHA/ESC document is to
provide clinicians with practical and authoritative guidelines
for the management and treatment of patients with supraven-
tricular arrhythmias (SVA). These include rhythms emanat-
ing from the sinus node, from atrial tissue (atrial flutter), and
from junctional as well as reciprocating or accessory path-
way-mediated tachycardia. This document does not include
recommendations for patients with atria fibrillation (AF)
[see ACC/AHA/ESC Guidelines for the Management of
Patients With Atrial Fibrillation (1)] or for pediatric patients
with supraventricular arrhythmias. In this document, SV T is
used to describe re-entrant arrhythmias involving the atri-
oventricular (AV) junction (atrioventricular nodal reciprocat-
ing tachycardia [AVNRT]), atrium [atrial tachycardia (AT)],
or AV-reciprocating rhythms [atrioventricular reciprocating
tachycardia (AVRT)]). For our purposes, the term “ supraven-
tricular arrhythmia’ refers to all types of supraventricular
arrhythmias, excluding AF, as opposed to SVT, which
includes AVNRT, AVRT, and AT.

These guidelines first present a review of the definition,
public health, epidemiology, general mechanisms, and clini-
cal characteristics of SVT. The management of each specific
tachycardiais then presented, including areview of the exist-
ing literature relating to drug versus catheter ablative thera
py. The treatment algorithms include pharmacologic and
nonpharmacologic antiarrhythmic approaches thought to be
most appropriate for each particular condition. Overal, this
is a consensus document that includes evidence and expert
opinions from severa countries. The pharmacologic and
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nonpharmacologic antiarrhythmic approaches discussed
may, therefore, include some drugs and devices that do not
have the approval of governmental regulatory agencies.
Because antiarrhythmic drug dosages and drug half-lives are
detailed in the ACC/AHA/ESC Guidelines for the
Management of Patients With Atrial Fibrillation (1), they are
not repeated in this document.

II. PUBLIC HEALTH CONSIDERATIONS AND
EPIDEMIOLOGY

Supraventricular arrhythmias are relatively common, often
repetitive, occasionally persistent, and rarely life threatening
(2). The precipitants of supraventricular arrhythmias vary
with age, gender, and associated comorbidity (3). While
supraventricular arrhythmias are a frequent cause of emer-
gency room (4,5) and primary care physician (6) visits, they
are infrequently the primary reason for hospital admission
(3,7).

Failure to discriminate among AF, atrial flutter, and other
supraventricular arrhythmias has complicated the precise
definition of this arrhythmia in the general population (8).
The estimated prevalence of ischemic heart disease in the
adult U.S. population is approximately tenfold greater than
that of supraventricular arrhythmias (78 per 1000 vs. 6 to 8
per 1000, respectively) (9). The estimated prevalence of
paroxysmal supraventricular tachycardia (PSVT) in a 3.5%
sample of medical records in the Marshfield (Wisconsin,
U.S.A.) Epidemiologic Study Area (MESA) was 2.25 per
1000 (10). The incidence of PSVT in this survey was 35 per
100000 person-years (10).

Occurrence rates have been determined for various sub-
types of supraventricular arrhythmia after acute myocardial
infarction (11) or coronary artery bypass graft surgery (12)
and in congestive heart failure (CHF) patients (13). Theinci-
dence rate of supraventricular arrhythmias among patients
with CHF is 11.1% (13); paroxysms are more common in
older patients, males, and those with longstanding CHF and
radiographic evidence of cardiomegaly.

Age exerts an influence on the occurrence of SVT. The
mean age at the time of PSVT onset in the MESA cohort was
57 years (ranging from infancy to more than 90 years old)
(3). Among emergency room patients older than 16 years
treated with intravenous (V) adenosine for supraventricular
arrhythmias diagnosed by surface electrocardiogram (ECG)
criteria, 9% had atrial flutter and 87% had SVT (4); 70% of
these patients (age 51 plus or minus 19 years) reported a his-
tory of cardiovascular disease. In the MESA population (10),
compared to those with other cardiovascular disease, “lone’
(no cardiac structural disease) PSVT patients without associ-
ated structural heart disease were younger (mean age equals
37 vs. 69 years), had faster heart rates (186 vs. 155 beats per
minute [bpm]), and were more likely to present first to an
emergency room (69 vs. 30%). The age at tachycardia onset
is higher for AVNRT (32 plus or minus 18 years) than for
AVRT (23 plus or minus 14 years) (14,15).

Hospitalization statistics for supraventricular arrhythmias
are summarized in Tables 1 and 2. Of 144512 discharges for
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Table 1. Epidemiological Trendsin U.S. Medicare Hospitalizations for Supraventricular Arrhythmias—1991 to 1998

Per cent of Per cent Case Average Average Medicare
Total 1998 Change Fatality Length of Reimbur sement
Arrhythmia Dischar ges* 1991-1998 Rate (%) Stay (days) €3]
Atrial fibrillation 44.8 30.3 1.7 4.7 3559
Atrial flutter 5.2 27.6 1.3 45 3912
SVT 38 29 1 4.2 3802

*5% sample of Medicare Provider Analysis and Review (MEDPAR) and U.S. Health Care Financing Administration (HCFA) enrollee databases; total equals 144 512 discharges with

ICD-9-CM codes 427.xx (supraventricular arrhythmia) and 426.xx (conduction disorders).

SVT indicates supraventricular tachycardia.

patients aged more than 65 years in the 1991 to 1998 U.S.
Medicare Provider Analysis and Review (MEDPAR) files,
hospitalizations and discharges for AF or atrial flutter
occurred more frequently with advancing age (3), peaking in
75- to 84-year-old patients. The Healthcare Cost and
Utilization Project (HCUP-3) database, a large, national
inpatient sample of all payer data collected from diverse U.S.
community hospitals (a 20% sample from 17 states), pro-
vides data comparable to MEDPAR for various supraventric-
ular arrhythmia subsets (16). Supraventricular tachycardia
hospital length-of-stay (3.1 vs. 4.2 days) and case fatality
rates (0.8% vs. 1%) are slightly lower in the HCUP-3 dataset
when compared to MEDPAR. Atrial flutter and PSVT repre-
sented 5.2% and 3.8%, respectively, of 1998 MEDPAR data-
base admissions for supraventricular arrhythmias or conduc-
tion disorders (3), but only 0.1 to 0.11% of all 1996 HCUP-
3 database hospital admissions (16).

Gender plays a role in the epidemiology of SVT. Female
residents in the MESA population had a twofold greater rel-
ative risk (RR) of PSVT (RR equals 2.0; 95% confidence
interval equals 1.0 to 4.2) compared to males (10). Fifty-
eight percent (58%) of symptomatic “lone’ PSVT episodes
in MESA females without concomitant structural heart dis-
ease occurred in the premenopausal age group, as compared
to only 9% of episodesin women with cardiovascular disease
(10). Women accounted for the mgjority (64%) of 1999 U.S.
short-stay, nonfederal hospital admissionsfor PSVT (ICD-9-
CM 427.0) (17).

The only reported epidemiologic study of patients with
atrial flutter (18) involved a selected sample of individuals
treated in the Marshfield Clinic in predominantly white, rura
mid-Wisconsin. Over 75% of the 58820 residents and virtu-
dly al health events were included in this population data-
base. In approximately 60% of cases, atria flutter occurred

for the first time associated with a specific precipitating event
(ie, mgjor surgery, pneumonia, or acute myocardial infarc-
tion). In the remaining patients, atrial flutter was associated
with chronic comorbid conditions (ie, heart failure, hyper-
tension, and chronic lung disease). Only 1.7% of cases had
no structural cardiac disease or precipitating cause (lone atri-
al flutter). The overall incidence of atrial flutter was 0.088%;
58% of these patients also had AF. Atria flutter alone was
seen in 0.037%. The incidence of atrial flutter increased
markedly with age, from 5 per 100000 of those more than 50
years old to 587 per 100000 over age 80. Atria flutter was
2.5 times more common in men. If these findings were
extrapolated to the general U.S. population, then approxi-
mately 200000 new cases of atrial flutter would occur annu-
ally, adiagnosis that is made twice as often as PSVT (19).

Ill. GENERAL MECHANISMS OF
SUPRAVENTRICULAR ARRHYTHMIA

A. Specialized Atrial Tissue

The sinoatrial (SA) node, atria, and AV node are heteroge-
neous structures (20). There is distinct electrophysiological
specidization of tissues and cells within these structures. In
the case of the nodes, cellular heterogeneity is a prominent
feature. In the atria, cellular heterogeneity is not prominent,
but there are marked complexities of tissue structure that
have important implications for impul se propagation and the
production of arrhythmias (21).

The SA node is a collection of morphologically and elec-
trically distinct cells (22-28). The central portion of the sinus
node, which houses the dominant pacemaking function, con-
tains cells with longer action potentials and faster rates of
phase 4 diastolic depolarization than other cardiac cells
(28,29). The varied electrophysiological phenotypes of cells

Table 2. HCUP-3 National Inpatient Sample of U.S. Community Hospital Discharge Data—1996

Percent of Mean Case Aver age Aver age
Total Age Male Fatality Length of Hospital
Dysrhythmia Discharges* (years) (%) Rate (%) Stay (days) Charge ($)
Atrial fibrillation 0.78 70 1 38 7520
Atria flutter 0.1 67 1 3.6 7895
SVT 0.11 62 0.8 31 8071

SVT indicates supraventricular tachycardia.

Source: Agency for Healthcare Policy Research (AHCPR) Center for Organization and Delivery Studies. Healthcare Cost and Utilization Project (HCUP-3) data for clinical classifica-

tion software (CCS) categories 7.2.9.1, 3, 4, and 7 (1996).
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within the sinus node are due to a distinctive pattern of ion
channel expression in the different cell types. Differencesin
the electrophysiological properties of cells within the node
and differences in the expression and distribution of intercel-
lular ion channels or connexinsinsulate SA nodal tissue from
the electrotonic influences of the surrounding atrial
myocardium (27,29,30).

Heterogeneity of the action potential profiles in the atria
has been described (21,31,32). The underlying ionic current
basis for the spatia differencesin atrial action potentials has
also been described in animal models. In the right atrium of
the dog, cells from the crista terminalis exhibit the longest
action potential durations when compared to cells isolated
from the appendage and pectinate muscles, which haveinter-
mediate duration action potentials and myocytes from the AV
ring, which exhibit the shortest action potential duration.
Differential expression of calcium and transient outward and
delayed rectifier potassium currents produce the differences
in the action potential profiles and durations (33). Shorter
action potential durations are observed in the left compared
with the right atrial myocytes, the result of more robust
expression of the rapid component of the delayed rectifier
potassium current in the left atrium (34).

Cellular recordings support the existence of distinct popu-
lations of cellsin the mammalian AV node (35). Ovoid cells
have a nodal (N- or NH-type) action potential configuration
(ie, action potentials with slow [Ca channel—dependent]
phase 0 upstrokes and prominent phase 4 diastolic depolar-
ization). In contrast, rod-shaped cells have action potentials
more similar to action potentials recorded in atrial myocytes
(AN-type) with rapid Na channel-dependent upstrokes and
little phase 4 diastolic depolarization (35). Differencesinion
channel expression underlie the differences in the electro-
physiological behavior of each of the cell types. Variation in
cell phenotype and intercellular connectivity cause differ-
ences in tissue-level conduction velocity, refractory period,
and automaticity.

B. General Mechanisms

All cardiac tachyarrhythmias are produced by one or more
mechanisms, including disorders of impulse initiation and
abnormalities of impulse conduction. The former are often
referred to as automatic; the latter as re-entrant. Tissues
exhibiting abnormal automaticity that underlie SVT can
reside in the atria, the AV junction, or vessels that communi-
cate directly with the atria, such as the vena cava or pul-
monary veins (36-38). The cells with enhanced automaticity
exhibit enhanced diastolic phase 4 depolarization and, there-
fore, an increase in firing rate compared with pacemaker
cells. If thefiring rate of the ectopic focus exceeds that of the
sinus node, then the sinus node can be overdriven and the
ectopic focus will become the predominant pacemaker of the
heart. The rapid firing rate may be incessant (ie, more than
50% of the day) or episodic.

Triggered activity is a tachycardia mechanism associated
with disturbances of recovery or repolarization. Triggered
rhythms are generated by interruptions in repolarization of a
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heart cell called afterdepolarizations (Fig. 1). An afterdepo-
larization of sufficient magnitude may reach “threshold” and
trigger an early action potential during repolarization.
Delayed afterdepolarizations (DADs) have been described in
a variety of mammalian atrial tissues and cells exposed to
mechanical stress (39), digitalis, or neurohormonal stress
(40-47). It has been suggested that multifocal atrial tachycar-
dia (MAT) is the result of DAD-induced triggered auto-
maticity (48,49). Early afterdepolarizations have also been
observed in human atrial myocardium (50) and pulmonary
vein myocytes (51).

The most common arrhythmia mechanism is re-entry.
Indeed, the first proven re-entry circuit in humans was that
composed of the atrium, AV node, ventricle, and accessory
pathway in patients with AV re-entry tachycardia. Re-entry
may occur in different forms. In its simplest form, it occurs
as repetitive excitation of aregion of the heart and is a result
of conduction of an electrical impulse around a fixed obsta-
clein adefined circuit. Thisisreferred to as re-entrant tachy-
cardia, and there are severa requirements for its initiation
and maintenance. Initiation of a re-entrant tachycardia
requires unidirectional conduction block in onelimb of acir-
cuit. Unidirectional block may occur as a result of accelera-
tion of the heart rate or block of a premature impulse that
impinges on the refractory period of the pathway. Slow con-
duction is usualy required for both initiation and mainte-
nance of a re-entrant tachycardia. In the case of orthodromic
AV re-entry (ie, anterograde conduction across the AV node
with retrograde conduction over an accessory pathway),
slowed conduction through the AV node allows for recovery
of, and retrograde activation over, the accessory pathway. A
regquirement for the maintenance of such atachycardiaisthat
the wavelength of the tachycardia (ie, the product of the con-
duction velocity and the refractory period) must be shorter
than the pathlength of the circuit over which the impulse
travels. Too long a wavelength or too short a pathlength will
result in the extinction of the tachycardia as the activation
wavefront impinges on the inexcitable refractory tail termi-
nating propagation. The amount by which the pathlength
exceeds the wavelength represents the excitable gap.
Antiarrhythmic drugs may interrupt re-entrant tachycardia
by altering the relationship between the pathlength and the
wavelength. Drugs with class |1l action prolong refractori-
ness and, therefore, the wavelength, thereby eliminating the
excitable gap (52,53). Alternatively, drugs with class | action
may interfere with conduction, often in the region of slow
conduction-producing bidirectional block and inability to
initiate or maintain the tachycardia

Re-entry is the mechanism of tachycardiain SVTs such as
AVRT, AVNRT and atrial flutter; however, a fixed obstacle
and a predetermined circuit are not essential requirementsfor
al forms of re-entry. In functionally determined re-entry,
propagation occurs through relatively refractory tissue and
there is an absence of a fully excitable gap (54). Specific
mechanisms are considered in the following sections.
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Figure 1. Afterdepolarizations from myocytes. Action potentials recorded before (A) and after (B) application of a potassium chan-
nel blocker. Potassium channel blockers lengthen action potential duration and encourage afterdepolarizations. The action potentials
are prolonged in (B), and repolarization is interrupted by early afterdepolarizations (C). A series of DADs of decreasing amplitude
occurs after completion of repolarization of the action potential, often in the setting of intracellular [Ca2*] overload. DADs indicates

delayed afterdepolarizations; mV, millivolts; sec, seconds.

IV. CLINICAL PRESENTATION, GENERAL
EVALUATION, AND MANAGEMENT OF
PATIENTS WITH SUPRAVENTRICULAR
ARRHYTHMIA

A. General Evaluation of Patients Without
Documented Arrhythmia

1. Clinical History and Physical Examination

Patients with paroxysmal arrhythmias are most often asymp-
tomatic at the time of evaluation. Arrhythmia-related symp-
toms include palpitations; fatigue; lightheadedness, chest
discomfort; dyspnea; presyncope; or, more rarely, Syncope.
A history of arrhythmia-related symptoms may yield
important clues to the type of arrhythmia. Premature beats
are commonly described as pauses or nonconducted beats
followed by a sensation of a strong heartbeat, or they are
described as irregularities in heart rhythm. Supraventricular
tachycardias occur in al age groups and may be associated
with minimal symptoms, such as pal pitations, or may present
with syncope. The clinician should distinguish whether the
palpitations are regular or irregular. Irregular palpitations
may be due to premature depolarizations, AF, or MAT. The
latter are most commonly encountered in patients with pul-
monary disease. If the arrhythmiais recurrent and has abrupt
onset and termination, then it is designated paroxysmal.

Sinus tachycardia is, conversely, nonparoxysmal and accel-
erates and terminates gradually. Patients with sinus tachycar-
dia may require evaluation for stressors such as infection or
volume loss. Episodes of regular and paroxysma palpita-
tions with sudden onset and termination (also referred to as
PSVT) most commonly result from AVRT or AVNRT.
Termination by vagal maneuvers further suggests are-entrant
tachycardia involving AV nodal tissue (eg, AVNRT, AVRT).
Polyuria is caused by release of atrial natriuretic peptide in
response to increased atrial pressures from contraction of
atriaagainst a closed AV valve, which is supportive of a sus-
tained supraventricular arrhythmia.

With SVT, syncope is observed in approximately 15% of
patients, usually just after initiation of rapid SVT or with a
prolonged pause after abrupt termination of the tachycardia
(55). Syncope may be associated with AF with rapid con-
duction over an accessory AV pathway or may suggest con-
comitant structural abnormalities, such as valvular aortic
stenosis, hypertrophic cardiomyopathy, or cerebrovascular
disease. Symptoms vary with the ventricular rate, underlying
heart disease, duration of SVT, and individual patient per-
ceptions. Supraventricular tachycardia that is persistent for
weeks to months and associated with a fast ventricular
response may lead to a tachycardia-mediated cardiomyopa-
thy (56-58).
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Of crucia importance in clinical decision making isaclin-
ical history describing the pattern in terms of the number of
episodes, duration, frequency, mode of onset, and possible
triggers.

Supraventricular tachycardia has a heterogeneous clinical
presentation, most often occurring in the absence of
detectable heart disease in younger individuals. The presence
of associated heart disease should, nevertheless, aways be
sought and an echocardiogram may be helpful. While a phys-
ica examination during tachycardia is standard, it usually
does not lead to a definitive diagnosis. If irregular cannon A
waves and/or irregular variation in S, intensity is present,
then a ventricular origin of aregular tachycardia is strongly
suggested.

2. Diagnostic I nvestigations

A resting 12-lead ECG should be recorded and evaluated for
the presence of abnormal rhythm, pre-excitation, prolonged
QT interval, sinus tachycardia, segment abnormalities, or
evidence of underlying heart disease. The presence of pre-
excitation on the resting ECG in a patient with a history of
paroxysmal regular palpitations is sufficient for the pre-
sumptive diagnosis of AVRT, and attempts to record sponta-
neous episodes are not required before referral to an arrhyth-
mia specialist for therapy (Fig. 2). Specific therapy is dis-
cussed in Section VA clinical history of irregular and parox-
ysmal palpitations in a patient with baseline pre-excitation
strongly suggests episodes of AF, which requires immediate
electrophysiological evaluation because these patients are at
risk for sudden death (see Section V-D). The diagnosis is
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otherwise made by careful analysis of the 12-lead ECG dur-
ing tachycardia (see Section 1V). Therefore, patients with a
history of sustained arrhythmia should always be encouraged
to have at least one 12-lead ECG taken during the arrhyth-
mia. Automatic analysis systems of 12-lead ECGs are unre-
liable and commonly suggest an incorrect arrhythmia diag-
nosis.

Indications for referral to a cardiac arrhythmia specialist
include presence of awide complex tachycardia of unknown
origin. For those with narrow complex tachycardias, referra
is indicated for those with drug resistance or intolerance as
well as for patients desiring to be free of drug therapy.
Because of the potential for letha arrhythmias, all patients
with Wol ff-Parkinson-White (WPW) syndrome (ie, pre-exci-
tation combined with arrhythmias) should be referred for fur-
ther evaluation. All patients with severe symptoms, such as
syncope or dyspnea, during palpitations also should be
referred for prompt evaluation by an arrhythmia specialist.
An echocardiographic examination should be considered in
patients with documented sustained SVT to exclude the pos-
sibility of structural heart disease, which usually cannot be
detected by physical examination or 12-lead ECG.

An ambulatory 24-hour Holter recording can be used in
patients with frequent (ie, several episodes per week) but
transient tachycardias (59-61). An event or wearable loop
recorder is often more useful than a 24-hour recording in
patients with less frequent arrhythmias (62). Implantable
loop recorders may be helpful in selected cases with rare
symptoms (ie, fewer than two episodes per month) associat-
ed with severe symptoms of hemodynamic instability (63).
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Figure 2. Initial evaluation of patients with suspected tachycardia. AVRT indicates atrioventricular reciprocating tachycardia; ECG,

electrocardiogram.



ACC - www.acc.org
AHA - www.americanheart.org
ESC - www.escardio.org

Exercise testing is less often useful for diagnosis unless the
arrhythmia s clearly triggered by exertion.

Transesophageal atrial recordings and stimulation may be
used in selected cases for diagnosis or to provoke paroxys-
mal tachyarrhythmias if the clinical history is insufficient or
if other measures have failed to document an arrhythmia
Esophageal stimulation is not indicated if invasive electro-
physiological investigation is planned (64,65). Invasive elec-
trophysiological investigation with subsequent catheter abla-
tion may be used for diagnoses and therapy in cases with a
clear history of paroxysmal regular palpitations. It may also
be used empirically in the presence of pre-excitation or dis-
abling symptoms (Fig. 2).

3. Management

The management of patients with symptoms suggestive of an
arrhythmia but without ECG documentation depends on the
nature of the symptoms. If the surface ECG isnormal and the
patient reports a history consistent with premature extra
beats, then precipitating factors, such as excessive caffeine,
acohol, nicotine intake, recreational drugs, or hyperthy-
roidism, should be reviewed and eliminated (Table 3).
Benign extrasystoles are often manifest at rest and tend to
become less common with exercise.

If symptoms and the clinical history indicate that the
arrhythmia is paroxysmal in nature and the resting 12-lead
ECG gives no clue for the arrhythmia mechanism, then fur-
ther diagnostic tests for documentation may not be necessary
before referral for an invasive electrophysiological study
and/or catheter ablation. Patients should be taught to perform
vagal maneuvers. A beta-blocking agent may be prescribed

Table 3. Predisposing or Precipitating Factors for Patients With
Palpitations

Noncardiac Causes
Nicotine, alcohoal, caffeine
Physical or mental stress
Hyperthyroidism
Premenstrual or menstrual
Electrolyte disturbance
Certain drugs (antiarrhythmic, antidepressant, antibiotic drugs;
stimulants; antihistamines; appetite suppressants)
Anemia
Anxiety or hypovolemia
Fever, infection
Lack of deep

Cardiac Causes

Coronary artery disease; old myocardial infarction, especially for
ventricular tachycardias

Congestive heart failure

Cardiomyopathy

Valvular disease

Congenital heart disease

Other conditions that may cause myocardia scarring (ie,
sarcoidosis, tuberculosis)

Primary electrical disorders (ie, long QT syndrome, Brugada
syndrome)

Accessory pathways

Blomstrom-Lundqvist and Scheinman et al. 2003
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empirically provided that significant bradycardia (less than
50 bpm) have been excluded. Due to the risk of proarrhyth-
mia, antiarrhythmic treatment with Class | or Class |11 drugs
should not be initiated without a documented arrhythmia.

B. General Evaluation of Patients With Documented
Arrhythmia

1. Diagnostic Evaluation

Whenever possible, a 12-lead ECG should be taken during
tachycardia but should not delay immediate therapy to termi-
nate the arrhythmia if there is hemodynamic instability. At a
minimum, amonitor strip should be obtained from the defib-
rillator, even in cases with cardiogenic shock or cardiac
arrest, before direct current (DC) cardioversion is applied to
terminate the arrhythmia.

a. Differential Diagnosis for Narrow QRS-Complex
Tachycardia

If ventricular activation (QRS) is narrow (less than 120 mil-
liseconds [mg]), then the tachycardia is almost aways
supraventricular and the differential diagnosis relates to its
mechanism (Fig. 3) (66,67). If no P waves or evidence of
atrial activity is apparent and the RR interval is regular, then
AVNRT is most commonly the mechanism (Fig. 4). P-wave
activity in AVNRT may be only partially hidden within the
QRS complex and may deform the QRS to give a pseudo-R
wave in lead V1 and/or a pseudo-S wave in inferior leads
(Fig. 4). If aP wave is present in the ST segment and sepa-
rated from the QRS by 70 ms, then AVRT is most likely. In
tachycardias with RP longer than PR (Fig. 5), the most typi-
cal diagnosis is atypical AVNRT, permanent form of junc-
tiona reciprocating tachycardia (PJRT) (ie, AVRT via a
slowly conducting accessory pathway), or AT (see Sections
V-B, V-D, and V-E). Responses of narrow QRS-complex
tachycardias to adenosine or carotid massage may aid in the
differential diagnosis (Fig. 6) (68-70). A 12-lead ECG
recording is desirable during use of adenosine or carotid
massage. If P waves are not visible, then the use of
esophageal pill electrodes can also be helpful.

b. Differential Diagnosis for Wide QRS-Complex
Tachycardia

If the QRS iswide (greater than 120 ms), then it isimportant
to differentiate between SVT and ventricular tachycardia
(VT) (Fig. 7). Intravenous medications given for the treat-
ment of SVT, particularly verapamil or diltiazem, may be
deleterious because they may precipitate hemodynamic col-
lapse for a patient with VT (71-73). Stable vital signs during
tachycardias are not helpful for distinguishing SVT fromVT.
If the diagnosis of SVT cannot be proven or cannot be made
easily, then the patient should be treated as if VT were pres-
ent. Wide-QRS tachycardia can be divided into three groups:
SVT with bundle-branch block (BBB) or aberration, SVT
with AV conduction over an accessory pathway, and VT.
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Figure 3. Differential diagnosis for narrow QRS tachycardia. Patients with focal junctional tachycardia may mimic the pattern of slow-
fast AVNRT and may show AV dissociation and/or marked irregularity in the junctional rate. AV indicates atrioventricular; AVNRT, atri-
oventricular nodal reciprocating tachycardia; AVRT, atrioventricular reciprocating tachycardia; MAT, multifocal atrial tachycardia; ms,
milliseconds; PJRT, permanent form of junctional reciprocating tachycardia; QRS, ventricular activation on electrocardiogram.

SUPRAVENTRICULAR TACHYCARDIA WITH BUNDLE-BRANCH
BLock. Bundle-branch block may be pre-existing or may
occur only during tachycardia when one of the bundle
branches is refractory due to the rapid rate. Most BBBs are
not only rate-related, but are aso due to a long-short
sequence of initiation. Bundle-branch block can occur with
any supraventricular arrhythmia. If arate-related BBB devel-
ops during orthodromic AVRT, then the tachycardia rate may
slow if the BBB isipsilateral to the bypass tract location.

SUPRAVENTRICULAR TACHYCARDIA WITH ATRIOVENTRICULAR
ConDucCTION OVER AN ACCESSORY PATHWAY. Supra-
ventricular tachycardia with AV conduction over an accesso-
ry pathway may occur during AT, atrial flutter, AF, AVNRT
or antidromic AVRT. The latter is defined as anterograde
conduction over the accessory pathway and retrograde con-
duction over the AV node or a second accessory AV pathway.
A wide-QRS complex with left bundle-branch block (LBBB)
morphology may be seen with anterograde conduction over
other types of accessory pathways, such as atriofascicular,
nodofascicular, or nodoventricular tracts.

VENTRICULAR TACHYCARDIA. Several ECG criteria have been
described to differentiate the underlying mechanism of a
wide-QRS tachycardia

VENTRICULAR ARRHYTHMIA DissociATion. Ventricular arrhyth-
mia dissociation with a ventricular rate faster than the atrial
rate generally provesthe diagnosisof VT (Fig. 8) but isclear-
ly discernible in only 30% of al VTs (74). Fusion complex-
es represent amerger between conducted sinus (or supraven-
tricular complexes) impulses and ventricular depolarization
occurring during AV dissociation. These complexes are
pathognomonic of VT. Retrograde VA block may be present
spontaneously or brought out by carotid massage. The
demonstration that P waves are not necessary for tachycardia
maintenance strongly suggests VT. P waves can be difficult
to recognize during a wide-QRS tachycardia. Therefore, one
should also look for evidence of VA dissociation on exami-
nation: irregular cannon A wavesin the jugular venous pulse
and variability in the loudness of the first heart sound and in
systolic blood pressure (75). If P waves are not visible, then
the use of esophageal pill electrodes can also be useful.
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Figure 4. ECG pattern of typical AVNRT. Panel A: 12-Lead ECG shows a regular SVT recorded at an ECG paper speed of 25
mm/sec. Panel B: After conversion to sinus rhythm, the 12-lead ECG shows sinus rhythm with narrow QRS complexes. In compari-
son with Panel A: Note the pseudo r" in V1 (arrow) and accentuated S waves in 2, 3, aVF (arrow). These findings are pathognomonic
for AVNRT. AVNRT indicates atrioventricular nodal reciprocating tachycardia; ECG, electrocardiogram; mm/sec, millimeters per sec-
ond; QRS, ventricular activation on ECG; SVT, supraventricular tachycardia.

WipTH oF THE QRS CompPLEX. A QRS width of morethan 0.14
seconds with right bundle-branch block (RBBB) or 0.16 sec-
onds during LBBB pattern favors VT (74). The QRS width
criteria are not helpful in differentiating VT from SVT with
AV conduction over an accessory pathway. A patient with
SVT can have a QRS width of more than 0.14 (RBBB) or
0.16 (LBBB) in the presence of either pre-existing BBB or
AV conduction over an accessory pathway, or when class Ic
or class la antiarrhythmic drugs are used.

CONFIGURATIONAL CHARACTERISTICS OF THE QRS COMPLEX
DURING TACHYCARDIA. Leads V1 and V6 are helpful in differ-
entiating VT from SVT (74,76,77).

® An RS (from the initial R to the nadir of S) interva
longer than 100 ms in any precordial lead is highly
suggestive of VT (78).

® A QRS pattern with negative concordance in the pre-
cordia leads is diagnostic for VT (“negative concor-
dance” means that the QRS patterns in al of the pre
cordial leads are similar, and with QS complexes).
Positive concordance does not exclude antidromic
AVRT over aleft posterior accessory pathway (79).

® The presence of ventricular fusion beatsindicates aven-
tricular origin of the tachycardia.

R-P

P-R

Figure 5. ECG tracing with limb leads I, 1, and IIl, showing an RP (initial R to initial P) interval longer than the PR interval. The P
wave differs from the sinus P wave. ECG indicates electrocardiogram.
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vation on electrocardiogram; VT, ventricular tachycardia.

® QR complexes indicate a myocardia scar and are
present in approximately 40% of patients with VTs
after myocardial infarction (80).

The width and morphologic criteria are less specific for
patients taking certain antiarrhythmic agents and those with
hyperkalemia or severe heart failure. Despite ECG criteria,
patients presenting with wide QRS-complex tachycardia are
often misdiagnosed (71,72,81). A positive answer to two
inquiries, namely the presence of a previous myocardial
infarct and the first occurrence of a wide QRS-complex
tachycardia after an infarct, strongly indicates a diagnosis of
VT (82).

2. Management

When a definitive diagnosis can be made on the basis of ECG
and clinical criteria, acute and chronic treatment should be
initiated on the basis of the underlying mechanism (see the
sections on specific arrhythmias).

If the specific diagnosis of awide QRS-complex tachycar-
dia cannot be made despite careful evaluation, then the
patient should be treated for VT. Acute management of
patients with hemodynamically stable and regular tachycar-
diaisoutlined in Fig. 9.

The most effective and rapid means of terminating any
hemodynamically unstable narrow or wide QRS-complex
tachycardiais DC cardioversion.

a. Acute Management of Narrow QRS-Complex
Tachycardia

In regular narrow QRS-complex tachycardia, vagal maneu-
vers (ie, Valsalva[83], carotid massage, and facial immersion

in cold water), should be initiated to terminate the arrhythmia
or to modify AV conduction. If this fails, IV antiarrhythmic
drugs should be administered for arrhythmia termination in
hemodynamically stable patients. Adenosine or nondihy-
dropyridine calcium-channel antagonists are the drugs of
choice (Fig. 7). The advantage of adenosine relative to IV
calcium-channel or beta blockers relates to its rapid onset
and short half-life. Intravenous adenosine is, therefore, the
preferred agent except for patients with severe asthma
Patients treated with theophylline may require higher doses
of adenosine for effect, and adenosine effects are potentiated
by dipyridamole. In addition, higher rates of heart block may
be seen when adenosine is concomittantly administered with
carbamazepine. Longer-acting agents (eg, IV calcium-chan-
nel blockers or beta blockers [ie, verapamil/diltiazem or
metoprolol]) are of value, particularly for patients with fre-
guent atrial premature beats or ventricular premature beats,
which may serve to trigger early recurrence of PSVT.
Adenosine or DC cardioversion is preferred for those with
PSVT in whom a rapid therapeutic effect is essential.
Potential adverse effects of adenosine include initiation of
AF (1 to 15%), which is usualy transient, and may be par-
ticularly problematic for those with ventricular pre-excita-
tion. Adenosine should be avoided in patients with severe
bronchia asthma. It is important to use extreme care with
concomitant use of |V calcium-channel blockers and beta
blockers because of possible potentiation of hypotensive
and/or bradycardic effects. An ECG should be recorded dur-
ing vagal maneuvers or drug administration because the
response may aid in the diagnosis even if the arrhythmia does
not terminate (Fig. 6). Termination of the tachycardiawith a
P wave after the last QRS complex favors AVRT or AVNRT.
Tachycardia termination with a QRS complex favors AT,
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Figure 7. Differential diagnosis for wide QRS-complex tachycardia (greater than 120 ms). A QRS conduction delay during sinus
rhythm, when available for comparison, reduces the value of QRS morphology analysis. Adenosine should be used with caution when
the diagnosis is unclear because it may produce VF in patients with coronary artery disease and AF with a rapid ventricular rate in
pre-excited tachycardias. Various adenosine responses are shown in Fig. 6. *Concordant indicates that all precordial leads show
either positive or negative deflections. Fusion complexes are diagnostic of VT. fIn pre-excited tachycardias, the QRS is generally
wider (ie, more pre-excited) compared with sinus rhythm. A indicates atrial; AF, atrial fibrillation; AP, accessory pathway; AT, atrial
tachycardia; AV, atrioventricular; AVRT, atrioventricular reciprocating tachycardia; BBB, bundle-branch block; LBBB, left bundle-
branch block; ms, milliseconds; QRS, ventricular activation on ECG; RBBB, right bundle-branch block; SR, sinus rhythm; SVT,
supraventricular tachycardias; V, ventricular; VF, ventricular fibrillation; VT, ventricular tachycardia.

which is often adenosine insensitive. Continuation of tachy-
cardia with AV block is virtually diagnostic of AT or atria
flutter, excludes AVRT, and makes AVNRT very unlikely.

b. Acute Management of Wide QRS-Complex
Tachycardia

Immediate DC cardioversion is the treatment for hemody-
namically unstable tachycardias. If the tachycardia is hemo-
dynamically stable and definitely supraventricular, then
management is as described for narrow QRS-complex tachy-
cardias (Fig. 6). For pharmacologic termination of a stable
wide QRS-complex tachycardia, 1V procainamide and/or
sotalol are recommended on the basis of randomized but
small studies (84,85). Amiodarone is also considered accept-
able. Amiodarone is preferred, compared to procainamide
and sotalal, in patients with impaired left ventricular (LV)
function (86,87) or signs of heart failure. These recommen-

dations are in accord with the current Advanced
Cardiovascular Life Support guidelines (88). Special circum-
stances may require aternative therapy (ie, pre-excited
tachycardias and VT caused by digitalis toxicity). For termi-
nation of an irregular wide QRS-complex tachycardia (ie,
pre-excited AF), DC cardioversion is recommended. Or, if
the patient is hemodynamically stable, pharmacologic con-
version using 1V ibutilide, flecainide, or procainamide is
appropriate.

c. Further Management

After successful termination of a wide QRS-complex tachy-
cardia of unknown etiology, patients should be referred to an
arrhythmia specialist. Patients with stable narrow QRS-com-
plex tachycardia, norma LV function, and a norma ECG
during sinus rhythm (ie, no pre-excitation) may require no
specific therapy. Referral is indicated for those with drug
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Figure 8. Electrocardiogram showing AV dissociation during VT in a patient with a wide QRS-complex tachycardia. The P waves are

marked with arrows.

resistance or intolerance as well as for patients desiring to be
free of lifelong drug therapy. When treatment is indicated,
options include catheter ablation or drug therapy. Finaly,
because of the potential for lethal arrhythmias, all patients
with WPW syndrome (ie, pre-excitation and arrhythmias)
should be referred for further evaluation (89).

V. SPECIFIC ARRHYTHMIAS
A. Sinus Tachyarrhythmias

Sinus tachycardia usually occurs in response to an appropri-
ate physiological stimulus (eg, exercise) or to an excessive
stimulus (eg, hyperthyroidism). Failure of the mechanisms
that control the sinus rate may lead to an inappropriate sinus
tachycardia. Excessive sinus tachycardia may aso occur in
response to upright posture (postural orthostatic tachycardia
syndrome [POTS]). A re-entry mechanism may also occur
within, or closeto, the sinus node, resulting in so-called sinus
node re-entrant tachycardia, which is also sometimes known
as SA re-entry.

1. Physiological Sinus Tachycardia

The normally innervated sinus node generates an impulse
approximately 60 to 90 times per minute and responds to

autonomic influences. Nevertheless, the sinus node is a ver-
satile structure and is influenced by many other factors,
including hypoxia, acidosis, stretch, temperature, and hor-
mones (eg, tri-iodothyronine, serotonin).

a. Definition

Sinus tachycardia is defined as an increase in sinus rate to
greater than 100 bpm in keeping with the level of physical,
emotional, pathological, or pharmacologic stress.
Pathological causes of sinus tachycardia include pyrexia,
hypovolemia, or anemia, which may result from infections,
malignancies, myocardial ischemia, congestive cardiac fail-
ure, pulmonary emboli, shock, and thyrotoxicosis. Drugs that
induce sinus tachycardia include stimulants (eg, caffeine,
alcohol, nicotine); prescribed compounds (eg, salbutamol,
aminophylline, atropine, catecholamines); and certain recre-
ational/illicit drugs (eg, amphetamines, cocaine, “ecstasy,”
cannabis) (100). Anticancer treatments, in particular anthra-
cycline compounds such as doxorubicin (or Adriamycin) and
daunorubicin, can also trigger sinus tachycardia as part of the
acute cardiotoxic response that is predominantly cate-
cholamine/histamine induced (101) or part of a late car-
diotoxic response (102,103). Sinus tachycardia may signal
severe underlying pathol ogies and often requires comprehen-
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sive evaluation. Atrial and sinus tachycardias may be difficult
to differentiate.

b. Mechanism

Sinus tachycardia results from physiological influences on
individual pacemaker cells and from an anatomical shift in
the site of origin of atrial depolarization superiorly within the
sinus node (104). If current activity is one of several mecha-
nisms by which phase 4 diastolic depolarization is hastened,
therefore increasing the heart rate, then an increase in cyclic
adenosine monophaosphate triggers opening of ion channels
responsible for the pacemaker, or funny current (i), resulting
in afaster heart rate due to more rapid attainment of thresh-
old potential.

c. Diagnosis

In normal sinus rhythm, the P wave on a 12-lead ECG is pos-
itivein leads I, I, and aVF and negative in avVR. Its axisin
the frontal plane lies between 0 and +90; in the horizonta

plane, it is directed anteriorly and slightly leftward and can,
therefore, be negative in leads V1 and V2 but positive in
leadsV3to V6. The PR interval isnormally between 120 ms
and 200 ms (220 msin the elderly). The P waves have a nor-
mal contour, but a larger amplitude may develop and the
wave may become peaked (105). Sinus tachycardia is non-
paroxysmal, thus differentiating it from re-entry.

d. Treatment

The mainstay in the management of sinus tachycardias pri-
marily involves identifying the cause and either eliminating
or treating it. However, beta blockade can be extremely use-
ful and effective for physiological symptomatic sinus tachy-
cardia triggered by emotional stress and other anxiety-relat-
ed disorders (106-113); for prognostic benefit after myocar-
dia infarction (114-117); for the symptomatic and prognos-
tic benefitsin certain other irreversible causes of sinustachy-
cardias, such as congestive cardiac failure (118-120); and for
symptomatic thyrotoxicosis in combination with carbima-
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Recommendations for Acute Management of Hemodynamically Stable and Regular Tachycardia

ECG Recommendation* Classification Level of Evidence References
Narrow QRS-complex Vaga maneuvers I B
tachycardia (SVT) Adenosine I A (4,69,90)
Verapamil, diltiazem I A (91
Beta blockers Ib C (92,93)
Amiodarone Ib C (94)
Digoxin b C
Wide QRS-complex
tachycardia
oSV T and BBB See above
ePre-excited SVT/AFT Flecainidet I B (95)
Ibutilidet I B (96)
Procainamidet I B
DC cardioversion I C
e\Wide QRS-complex Procai namidet I B (84,97)
tachycardia of Sotalolf I B (85)
unknown origin Amiodarone I B (25,86)
DC cardioversion I B (98)
Lidocaine Ib B (85,97)
Adenosine§ Ib C (99)
Beta blockersf 1 C (98)
Verapamil** I B (73)
Wide QRS-complex Amiodarone I B (25,86)
tachycardia of unknown DC cardioversion, I B (98)
origin in patients with lidocaine

poor LV function

The order in which treatment recommendations appear in this table within each class of recommendation does not necessarily reflect a preferred sequence of administration. Please refer
to text for details. For pertinent drug dosing information, please refer to the ACC/AHA/ESC Guidelines on the Management of Patients With Atrial Fibrillation.

*All listed drugs are administered intravenously.
tSee Section V, specific section.

FShould not be taken by patients with reduced LV function.

§Adenosine should be used with caution in patients with severe coronary artery disease because vasodilation of normal coronary vessels may produce ischemiain vulnerable territory. It

should be used only with full resuscitative equipment available.

TBeta blockers may be used as first-line therapy for those with catecholamine-sensitive tachycardias, such as right ventricular outflow tachycardia

**Vergpamil may be used as first-line therapy for those with LV fascicular VT.

AF indicates atrial fibrillation; BBB, bundle-branch block; DC, direct current; ECG, electrocardiogram; LV, left ventricular; QRS, ventricular activation on ECG; SVT, supraventricular

zole or propylthiouracyl while these palliative agents take
effect (121,122). Nondihydropyridine calcium-channel
blockers, such as diltiazem or verapamil, may be of benefit
in patients with symptomatic thyrotoxicosis, if beta blockade
is contraindicated (123).

2. Inappropriate Sinus Tachycardia
a. Definition

Inappropriate sinus tachycardia is a persistent increase in
resting heart rate or sinus rate unrelated to, or out of propor-
tion with, the level of physical, emotional, pathological, or
pharmacologic stress.

b. Mechanism

The underlying pathological basis for inappropriate sinus
tachycardiaislikely to be multifactorial, but two main mech-
anisms have been proposed:

1. Enhanced automaticity of the sinus node (125)

2. Abnormal autonomic regulation of the sinus node with
excess sympathetic and reduced parasympathetic tone
(126,127)

It isunclear whether these mechanisms are adirect result of
impaired neura input into the sinus node or whether they
represent an inherent abnormality within the sinus node itself
(128).



ACC - www.acc.org
AHA - www.americanheart.org
ESC - www.escardio.org

Recommendations for Treatment of I nappropriate Sinus Tachycardia

Blomstrom-Lundqvist and Scheinman et al. 2003
ACC/AHA/ESC Practice Guidelines 17

Treatment Recommendation Classification Level of Evidence References
Medical Beta blockers | C -
Verapamil, diltiazem lla C —
Interventional Catheter ablation-sinus node Ilb Cc (133-135,137-141)

maodification/elimination*

The order in which treatment recommendations appear in this table within each class of recommendation does not necessarily reflect a preferred sequence of administration. Please refer
to text for details. For pertinent drug dosing information, please refer to the ACC/AHA/ESC Guidelines on the Management of Patients With Atrial Fibrillation.

*Used as alast resort.

c. Presentation

A high proportion of patients with inappropriate sinus tachy-
cardia are healthcare professionals, and approximately 90%
are female (129). The mean age of presentation is 38 plus or
minus 12 years. Although the predominant symptom at pres-
entation is palpitations, symptoms such as chest pain, short-
ness of breath, dizziness, lightheadedness, and presyncope
have also been reported. The degree of disability can vary
tremendously, from totally asymptomatic patients identified
during routine medical examination to individuals who are
fully incapacitated. Clinical examination and routine investi-
gations alow elimination of a secondary cause for the tachy-
cardia but are generally not helpful in establishing the diag-
nosis.

d. Diagnosis

Inappropriate sinus tachycardia is diagnosed on the basis of
invasive and noninvasive criteria (128,129):

1. The presence of a persistent sinus tachycardia (heart rate
greater than 100 bpm) during the day with excessive rate
increase in response to activity and nocturnal normaliza-
tion of rate, as confirmed by a 24-hour Holter recording

2. The tachycardia (and symptoms) is nonparoxysmal

3. P-wave morphology and endocardia activation identical
to sinus rhythm

4. Exclusion of a secondary systemic cause (eg, hyperthy-
roidism, pheochromocytoma, physical deconditioning)

e. Treatment

The treatment of inappropriate sinus tachycardiais predomi-
nantly symptom driven. The risk of tachycardia-induced car-
diomyopathy (130) in untreated patientsis unknown but like-
ly to be small.

Although no randomized, double-blinded, placebo-con-
trolled clinical trias exist, beta blockers may be useful and
should be prescribed as first-line therapy in the majority of
these patients. Anecdotal evidence suggests that nondihy-
dropyridine calcium-channel blockers, such as verapamil and
diltiazem, are also effective (131). Specific bradycardic
agents (eg, |; inhibitor ivabradine) may be valuable, but these
agents are still under investigation (132).

Sinus node modification by catheter ablation remains a
potentially important therapeutic option in the most refracto-

ry cases of inappropriate sinus tachycardia (133). Potential
adverse effects include pericarditis, phrenic nerve injury,
superior vena cava (SVC) syndrome, or need for permanent
pacing. A number of case reports have recorded successful
surgical excision (134,135) or radiofrequency (RF) ablation
of the sinus node (136-138). There is aso a case report of
successful obliteration of the sinus node artery for the man-
agement of this disorder (139). The diagnosis of POTS (see
Section V-A, 3) must be excluded before considering abla-
tion. In aretrospective analysis of 29 cases undergoing sinus
node modification for inappropriate sinus tachycardia (140),
a 76% acute success rate (22 out of 29 cases) was reported.
The long-term success rate has been reported to be 25% to
65%.

3. Postural Orthostatic Tachycardia Syndrome

Postural orthostatic tachycardia syndrome is part of a wide
spectrum of disorders that exhibit autonomic dysfunction
(142). These include severe orthostatic hypotension in the
presence of autonomic neuropathy and vasovagal syncopein
the absence of other evidence of autonomic dysfunction.
Postural orthostatic tachycardia syndrome manifests as an
excessive orthostatic tachycardia without significant ortho-
static hypotension in those without overt autonomic neu-
ropathy. It is associated with numerous other symptoms,
such as exercise intolerance, palpitations, weakness, and
lightheadedness; most of these symptoms are also autonom-
ically mediated (143-145).

a. Definition

Postural orthostatic tachycardia syndrome is the diagnosis
applied to individuals who present with orthostatic intoler-
ance (ie, symptoms on standing that are relieved by recum-
bency) in the presence of a demonstrable exaggerated, per-
sistent postural sinus tachycardia (greater than 30 bpm from
baseline or greater than 120 bpm) within 10 minutes of an
upright tilt in the absence of postura hypotension and any
demonstrable autonomic neuropathy.

b. Mechanism

Many mechanisms have been proposed for POTS. These
range from idiopathic hypovolemia (146) and reduced circu-
lating blood volume (147) to splanchnic bed blood pooling
(148,149) and reduced red cell mass resulting from an
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impaired erythropoietin response (150). There is little doubt
that the etiology and pathophysiology of POTS is heteroge-
neous, although there are similar clinical characteristics
(151). Two forms seem to predominate (152) The first is a
central beta-hypersensitivity form in which the normal phys-
iological baroreflex fails to terminate the tachycardia trig-
gered by upright posture (153). In certain cases of this form
of POTS, the basic abnormality responsible for the condition
is a defective norepinephrine-transporter mechanism (154).
This abnormality leads to afailure in the synaptic clearance
of norepinephrine, resulting in an exaggerated sympathetic
response to physiological stimuli. The second form of POTS,
the so-called partial dysautonomic form, is seen in the major-
ity of POTS patients. There appears to be a mild idiopathic
periphera autonomic neuropathy, wherein there is a failure
of the peripheral vasculature to vasoconstrict appropriately
during orthostatic stress, thereby resulting in an exaggerated
tachycardia (145,155). This effect is likely to be due to par-
tial sympathetic denervation, especialy in the legs (156);
arteries seem to be affected rather than veins (157).
Emerging evidence suggests that there may be two further
subgroups of this partial dysautonomic form-one that is cen-
trally mediated and the other peripheral (158). Thereis, how-
ever, aso evidence of autoantibodies to ganglionic nicotinic
acetylcholine receptors in certain cases (159), and intrinsic
sinus node abnormalities in others (160). In almost half of
the cases of POTS, there may be a preceding viral illness;
these patients have a better long-term prognosis than others
(145,161).

c. Presentation

Patients with POTS present with palpitations, severe fatigue,
exercise intolerance, presyncope, tremor, bowel hypomotili-
ty, and dizziness or lightheadedness. A significant proportion
of patients also complain that they always feel cold and are
unable to tolerate extreme heat (152). Furthermore, patients
with POTS may be diagnosed as suffering from chronic
fatigue syndrome (162). In fact, there appears to be a consid-
erable overlap between the two aillments (163,164).

d. Diagnosis

1. Head-upright tilt testing exhibits an increase in heart rate
of at least 30 bpm in the first 5 to 10 minutes or achieves
heart rates well in excess of 120 bpm

2. Absence of orthostatic hypotension
3. Absence of a known cause of autonomic neuropathy

4. Provocation of orthostatic symptoms (165)

Patients with the central beta hypersensitivity form of
POTS tend to have high serum catecholamine levels (ie, nor-
epinephrine greater than 600 ng/ml) and exhibit an excessive
increase in supine heart rate in response to a low-dose iso-
proterenol infusion (heart rate increase greater than 30 bpm
with a 1-mcg/min infusion) (152).

ACC - www.acc.org
AHA - www.americanheart.org
ESC - www.escardio.org

e. Treatment

As POTS becomes better understood and appropriately clas-
sified, management will be targeted according to the under-
lying cause. At present, there islittle controlled data on long-
term efficacy of therapy. Nevertheless, for the vast mgjority
of patients, the management of POTS is medical. The use of
ablative procedures involving the sinus node has been shown
to worsen the symptoms. In one study, a group of seven
patients with symptoms of POTS demonstrated that,
although sinus node modification resulted in a reduction in
the basal heart rate in five out of the seven patients, their
symptoms persisted and in some cases worsened (142). In
fact, four out of the five cases required insertion of a perma-
nent pacemaker. The medical management of POTS can be
divided into nonpharmacologic and pharmacologic.

NoNPHARMACOLOGIC. The mainstay of nonpharmacologic
treatment for al patients with POTS is volume expansion.
All patients need five to eight 8-ounce (240 ml) glasses of
fluids daily and a high-salt diet (10 to 15 grams daily) (161).
Sleeping with the head of the bed elevated four inches (10 to
16 cm) (166,167) increases vasopressin secretion and
expands plasma volume. Resistance training combined with
the use of physical countermaneuvers has also been recom-
mended (167). Radiolabeled erythrocytes have been used to
demonstrate significant lower limb venous pooling in arange
of patients with orthostatic intolerance (168). This study also
demonstrated that heart rates could be returned to normal and
symptoms could be relieved by inflation of military anti-
shock trousers (MAST) to 45 mm Hg while patients were
upright (168). The use of thigh-length compression stockings
is, therefore, advocated in POTS patients. Anke pressure
should be at least 30 mm Hg (152).

PHARMACOLOGIC. NO single agent is appropriate for al cases
of POTS, and combination therapy may often be necessary.
The agent of choice will depend on the nature of the ortho-
static intolerance and the tolerability of the agent. Beta
blockers can be effective in the central beta-hypersensitive
and in the partial dysautonomic forms of POTS because of
unopposed alpha-receptor—mediated increase in peripheral
vascular resistance (161,169). Fludrocortisone with or with-
out bisoprolol has aso been shown to improve symptomsin
patients in whom idiopathic hypovolemia is present
(169,170), but this requires high salt intake and regular mon-
itoring of plasma potassium levels. Fludrocortisone has also
been effectively combined with sleeping in the head-up tilt
position (166). Centrally acting (eg, methylphenidate, cloni-
dine) or peripherally acting agents (eg, midodrine) have also
been effectively used (171,172). Phenobarbital has also been
successfully used for the hyperadrenergic form of POTS but
with the potential hazard of dependence (173). Disturbances
in central serotonin production and regulation have also been
implicated in the pathogenesis of POTS, and serotonin-spe-
cific uptake inhibitors have been used with some effect (174).
The advantage of peripheral agentsisthat they are free of the
centrally induced undesired effects. Octreotide, a predomi-
nantly splanchnic vasoconstrictor, has been successfully
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Recommendations for Treatment of Postural Orthostatic Tachycardia Syndrome

Treatment Recommendation Class Level of Evidence References
Medical
e Nonpharmacol ogic* Increase salt and fluid intake lla B (161,171)
Head-up tilt sleep lla B (166)
Physical maneuvers lla B (167)
Compression stockings lla B (168)
ePharmacologic*
Mineral ocorticoids Fludrocortisone lla B (161,169)
Beta blockers Bisoprolol lla B (161,169)
Beta blockers plus Bisoprolol plus lla B (169)
mineral ocorticoids Fludrocortisone
Central sympatholytic Clonidine Ilb B (171,172)
agents
Peripherally acting Midodrine Ib B (171,175)
Centrally acting Methylphenidate Ib C (173)
Serotonin-specific Fluoxetine b C (152)
reuptake inhibitor
Others Erythropoietin Ilb B (176)
Ergotamine/octroetide b B a75)
Phenobarbitone Ib C (152)
I nterventional
eCatheter ablation/ Sinus node modification, 11 B (142)

surgical catheter ablation

The order in which treatment recommendations appear in this table within each class of recommendation does not necessarily reflect a preferred sequence of administration. Please refer
to text for details. For pertinent drug dosing information, please refer to the ACC/AHA/ESC Guidelines on the Management of Patients With Atria Fibrillation.

*Combination therapy commonly required.

used, indicating that the splanchnic bed may also be an
important site for blood pooling (175). In the most refracto-
ry cases, erythropoietin may betried. Erythropoietin not only
increases red cell mass but also has vasoconstrictor proper-
ties that may benefit certain patients. However, the evidence
suggests that the patients most likely to respond to this ther-
apy are those with orthostatic hypotension and not orthostat-
ic tachycardia (150,176).

4. Sinus Node Re-entry Tachycardia

Although sinus node re-entry tachycardia was conceptual-
ized as early as 1943 (177), it was only first demonstrated in
the rabbit heart in 1968 (178). The phenomenon was first
demonstrated during an electrophysiological study in a
patient in 1985 (179).

a. Definition

Sinus node re-entry tachycardias arise from re-entrant cir-
cuits involving the sinus node's production of paroxysmal,
often nonsustained bursts of tachycardia with P waves that
aresimilar, if not identical, to thosein sinusrhythm. They are
usually triggered and terminated abruptly by an atrial prema-
ture beat.

b. Mechanism

Heterogeneity of conduction within the sinus node provides
a substrate for re-entry (180,181), but it is still not known
whether the re-entry circuit is isolated within the sinus node
itself, whether perisinus atrial tissue is necessary, or whether

re-entry around a portion of the cristaterminalisis responsi-
ble. However, the fact that this arrhythmia, like AVNRT,
responds to vagal maneuvers and adenosine suggests that
sinus node tissue is involved in the re-entrant circuit (182).

c. Presentation

The incidence of sinus node re-entry tachycardia in patients
undergoing electrophysiological study for SVT ranges
between 1.8 and 16.9% (183) and up to 27% for those with
focal AT (184). Contrary to popular belief, there is a high
incidence of underlying organic heart disease in patients with
sinus node re-entry tachycardia (185). Patients present with
symptoms of palpitations, lightheadedness, and presyncope.
Syncope is extremely rare, as the rates of the tachycardiaare
rarely higher than 180 bpm. An important clue for diagnosis
is the paroxysmal nature of the attacks.

d. Diagnosis

Sinus node re-entry tachycardia is diagnosed on the basis of
invasive and noninvasive criteria (128). Clinically, the fol-
lowing features are highly suggestive of this arrhythmia:

1. The tachycardia and its associated symptoms are parox-
ysmal.

2. P-wave morphology isidentical to sinus rhythm with the
vector directed from superior to inferior and from right
to left.

3. Endocardial atrial activation is in a high-to-low and
right-to-left pattern, with an activation sequence similar
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to that of sinus rhythm.

4. Induction and/or termination of the arrhythmia occurs
with premature atrial stimuli.

5. Termination occurs with vagal maneuvers or adenosine.

6. Induction of the arrhythmia is independent of atrial or
AV-nodal conduction time.

e. Treatment

There have been no controlled trials of drug prophylaxis
involving patients with sinus node re-entrant tachycardia.
Clinically suspected cases of symptomatic sinus node re-
entrant tachycardia may respond to vagal maneuvers, adeno-
sine, amiodarone, beta blockers, nondihydropyridine calci-
um-channel blockers, or even digoxin. Patients whose tach-
yarrhythmias are well tolerated and easily controlled by
vagal maneuvers and/or drug therapy should not be consid-
ered for electrophysiological studies (89). Electro-
physiological studies are indicated for patients with frequent
or poorly tolerated episodes of tachycardia that do not ade-
quately respond to drug therapy and for patientsin whom the
exact nature of the tachycardia is uncertain and for whom
electrophysiological studies would aid appropriate therapy.
Radiofrequency catheter ablation of persistent sinus node re-
entry tachycardias identified through electrophysiological
study is generally successful (183,184,186-188).

B. Atrioventricular Nodal Reciprocating Tachycardia
1. Definitions and Clinical Features

Atrioventricular nodal reciprocating tachycardia is the most
common form of PSVT. It is more prevalent in females; is
associated with palpitations, dizziness, and neck pulsations;
and is not usually associated with structural heart disease.
Rates of tachycardia are often between 140 and 250 per
minute.

Although the re-entrant circuit was initially thought to be
confined to the compact AV node, amore contemporary view
recognizes the usua participation of perinodal atrial tissue as
the most common component of the re-entrant circuit (189).
However, it has been shown convincingly that AVNRT may
persist without participation of atrial tissue. Atrioventricular
nodal reciprocating tachycardia involves reciprocation
between two functionally and anatomically distinct pathways
(190). In most cases, the fast pathway appears to be located
near the apex of Koch’s triangle. This triangle is bounded by
the tendon of Tadaro superiorly, and the tricuspid annulus is
the base. The slow pathway extends inferoposterior to the
compact AV-node tissue and stretches along the septal mar-
gin of the tricuspid annulus at the level of, or slightly superi-
or to, the coronary sinus.

During typical AVNRT, the fast pathway serves as the ret-
rograde limb of the circuit, whereas the slow pathway is the
anterograde limb (ie, slow-fast AV-node re-entry). After con-
duction through the slow pathway to the His bundle and ven-
tricle, brisk conduction back to the atrium over the fast path-
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way results in inscription of the shorter duration (40 ms) P
wave during or close to the QRS complex (less than or equal
to 70 ms) (Fig. 4) often with apseudo-r” inlead V1 (see Fig.
3). Less commonly (approximately 5 to 10%), the tachycar-
dia circuit is reversed such that conduction proceeds by an
anterograde route over the fast pathway and by a retrograde
route over the slow pathway (ie, fast-slow AV-node re-entry,
or atypical AVNRT) producing a long R-P tachycardia (ie,
atypica AVNRT) (191), but other circuits may aso be
involved. The P wave, negative in leads Ill and avF is
inscribed prior to the QRS. Infrequently, both limbs of the
tachycardia circuit are composed of slowly conducting tissue
(ie, slow-slow AV-node re-entry), and the P wave is inscribed
after the QRS (ie, RP interval greater than or equal to 70 ms).

2. Acute Treatment

Acute evaluation and treatment of the patient with PSVT are
discussed in Sections IV-A and IV-B.

3. Long-Term Phar macologic Therapy

In patients with common, recurrent sustained episodes of
AVNRT who prefer long-term oral therapy instead of
catheter ablation, a spectrum of antiarrhythmic agents is
available. Standard therapy includes nondihydropyridine cal-
cium-channel blockers, beta blockers, and digoxin
(192,193). In patients without structural heart disease who do
not respond to AV-nodal—blocking agents, the class Ic drugs
flecainide and propafenone have become the preferred
choice (194-197). In most cases, class Il drugs, such as
sotalol or amiodarone, are unnecessary (198,199). Class la
drugs, such as quinidine, procainamide, and disopyramide,
have limited appeal due to their multidosing regimens, mod-
est efficacy, and adverse and proarrhythmic effects (200-
202).

A major limitation in evaluating antiarrhythmic agents for
treating AVNRT is the general absence of large multicenter,
randomized, placebo-controlled studies. The diagnosis of the
rhythm disturbance is often on the basis of the 12-lead ECG,
but the correct diagnosis of AVNRT can be reliably assured
only when confirmed by intracardiac recordings, which have,
by necessity, limited the number of patients and centers will-
ing to participate in studies. As a result, some of the infor-
mation that follows is derived from extrapolation of data
from studiesin patients with PSVT, where AVNRT is not dif-
ferentiated from AVRT.

a. Prophylactic Pharmacologic Therapy

CAaLclUM-CHANNEL BLOCKERS, BETA BLOCKERS, AND
DicoxIN. Comments regarding the long-term efficacy of cal-
cium-channel blockers, beta blockers, and digoxin taken
orally in the management of AVNRT are limited by the small
number of randomized patients studied. A small (11
patients), randomized, double-blinded, placebo-controlled
trial showed that verapamil taken orally decreases the num-
ber and duration of both patient-reported and el ectrophysio-
logically-recorded episodes (203). A similar finding was



ACC - www.acc.org
AHA - www.americanheart.org
ESC - www.escardio.org

demonstrated with doses of 360 to 480 mg/day with a trend
toward greater effect with higher doses; however, the study
was underpowered to detect a modest difference (204).

Orad digoxin (0.375 mg/day), verapamil (480 mg/day), and
propranolol (240 mg/day) showed similar efficacy in 11
patients in a randomized, double-blinded, crossover study.
There was no difference among the drugs with respect to fre-
guency or duration of PSVT (192).

CLass | DruGs. The data showing efficacy of procainamide,
quinidine, and disopyramide are from the older literature and
are derived from small studies. These drugs are rarely used
for treating AVNRT today (200-202).

Long-term benefits of ora flecainide in AVNRT were ini-
tially shown in an open-labeled study. At doses between 200
and 300 mg/day, flecainide completely suppressed episodes
in 65% of patients (195). Severa double-blinded, placebo-
controlled trials have confirmed the efficacy of flecainide for
prevention of recurrences (194,205). Events are reduced
when compared with placebo, with an increase in the medi-
an time to the first recurrence and a greater interval between
attacks. Open-labeled, long-term studies suggest excellent
chronic tolerance and safety. In patients without structural
heart disease, 7.6% discontinued the drug due to a subopti-
mal clinical response, and 5% discontinued it because of
noncardiac (usualy central nervous system) side effects
(206). Class Ic agents (ie, flecainide and propafenone) are
contraindicated for patients with structural heart disease.
Moreover, class Ic drugs are often combined with beta-
blocking agents to enhance efficacy and reduce the risk of
one-to-one conduction over the AV node if atrial flutter
occurs.

Flecainide appears to have greater long-term efficacy than
verapamil. Although both drugs (median doses 200 mg/day
and 240 mg/day, respectively) demonstrated an equivalent
reduction in the frequency of episodes, 30% of patients had
complete suppression of al symptomatic episodes with fle-
cainide, whereas 13% had complete suppression with vera-
pamil (207). Discontinuation rates due to adverse effects
were equivalent, 19% and 24%, respectively.

Propafenone is also an effective drug for prophylaxis of
AVNRT. In a double-blinded, placebo-controlled tria, in
which time to treatment failure was analyzed, the RR of
treatment failure for placebo versus propafenone was 6.8
(208). A single-center, randomized, double-blinded, placebo-
controlled study showed that propafenone (300 mg taken
three times per day) reduces the recurrence rate to one fifth
of that of placebo (197).

CLass Il Drucs. Limited prospective data are available for
use of class Il drugs (eg, amiodarone, sotalol, dofetilide).
Although many have been used effectively to prevent recur-
rences, routine use should be avoided due to their toxicities,
including proarrhythmia (ie, torsades de pointes). A placebo-
controlled trial found sotalol to be superior to placebo in pro-
longing time to recurrence of PSVT (199). With regard to
dofetilide, a multicenter, randomized, placebo-controlled
study showed that patients with PSVT had a 50% probabili-
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ty of complete symptomatic suppression with dofetilide over
a 6-month follow up (500 mcg taken twice per day), where-
asthe probability of suppression in the control group was 6%
(P less than 0.001). There were no proarrhythmic events
(198). In this study, dofetilide was shown to be as effective as
propafenone (150 mg taken three times per day).

There is a paucity of data regarding the effects of amio-
darone on AVNRT (209). In one open-labeled study in the
electrophysiology laboratory, 1V amiodarone (5 mg/kg over
5 minutes) terminated tachycardia in seven out of nine
patients. Treatment with oral amiodarone (maintenance dose
200 to 400 mg/day) for 66 plus or minus 24 days prevented
recurrence and inducibility in all patients, with its predomi-
nant effect being the depression of conduction in the retro-
grade fast pathway (210). Of note, amiodarone has been
shown to be safe in structural heart disease, particularly LV
dysfunction.

b. Sngle-Dose Oral Therapy (Pill-in-the-Pocket)

Single-dose therapy refers to administration of a drug only
during an episode of tachycardia for the purpose of termina-
tion of the arrhythmia when vagal maneuvers aone are not
effective. This approach is appropriate to consider for
patients with infrequent episodes of AVNRT that are pro-
longed (ie, lasting hours) but yet well tolerated (211). This
approach obviates exposure of patientsto chronic and unnec-
essary therapy between their rare arrhythmic events. It neces-
sitates the use of adrug that has a short time to take effect (ie,
immediate-release preparations). Candidate patients should
be free of significant LV dysfunction, sinus bradycardia, or
pre-excitation.

A single ora dose of flecainide (approximately 3 mg/kg)
has been reported to terminate acute episodes of AVNRT in
adol escents and young adults without structural heart disease
(196), athough it offered no benefit compared with placebo
in other studies (211).

Single-dose ora therapy with diltiazem (120 mg) plus pro-
pranolol (80 mg) has been shown to be superior to both
placebo and flecainide in sequential testing in 33 patients
with PSVT in terms of conversion to sinus rhythm (211).
Favorable results comparing diltiazem plus propranolol with
placebo have also been reported by others (212).
Hypotension and sinus bradycardia are rare complications.
Single-dose therapy with diltiazem plus propranolol is asso-
ciated with a significant reduction in emergency room visits
in appropriately selected patients (211).

4. Catheter Ablation

Radiofrequency ablation for AVNRT originated in the obser-
vation that surgical dissection in discrete regions of the
perinodal area could interrupt fast- or slow-pathway conduc-
tion (213,214). Thisfinding led to the development of percu-
taneous, catheter-based techniques designed to modify or
eliminate fast-pathway conduction. Energy (initially DC and
later RF) was applied in the region of the apex of Koch's tri-
angle, along the superior aspect of the tricuspid annulus
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Level of
Clinical Presentation Recommendation Class Evidence References
Poorly tolerated AVNRT Catheter ablation | B (189)
with hemodynamic Verapamil, diltiazem, lla C (189)
intolerance beta blockers, sotalol, amiodarone
Flecainide,* propafenone* lla C
Recurrent symptomatic Catheter ablation | B (189)
AVNRT Verapamil | B (203)
Diltiazem, beta blockers | C (2192)
Digoxint b C
Recurrent AVNRT unresponsive Flecainide* lla B (194,197-
to beta blockade or calcium- propafenone,* sotalol 199,205,
channel blocker and patient 208)
not desiring RF ablation Amiodarone Ilb C (210)
AVNRT with infrequent or single Catheter ablation | B
episode in patientswho desire
complete control of arrhythmia
Documented PSVT with only Verapamil, diltiazem, beta blockers, | C
dual AV-nodal pathways or single flecainide,* propafenone*
echo beats demonstr ated
during electrophysiological
study and no other identified
cause of arrhythmia Catheter ablationt | B
Infrequent, well-tolerated AVNRT No therapy | C (189)
Vagal maneuvers | B
“Pill-in-the-pocket” | B
Verapamil, diltiazem, beta blockers | B
Catheter ablation | B (227)

The order in which treatment recommendations appear in this table within each class of recommendation does not necessarily reflect a preferred sequence of administration. Please
refer to text for details. For pertinent drug dosing information, please refer to the ACC/AHA/ESC Guidelines on the Management of Patients With Atrial Fibrillation.

*Relatively contraindicated for patients with coronary artery disease, LV dysfunction, or other significant heart disease.

TOften ineffective because pharmacological effects can be overridden by enhanced sympathetic tone.

FDecision depends on symptoms.

AV indicates atrioventricular; AVNRT, atrioventricular nodal reciprocating tachycardia; LV, left ventricular; PSVT, paroxysmal supraventricular tachycardia; RF, radiofrequency.

(215,216). Success with this technique was associated with
prolongation of the PR interval (ie, first-degree AV block),
elimination of retrograde fast-pathway conduction, and non-
inducibility of AVNRT. Success rates for this technique are
approximately 90%. The major procedural risk issignificant,
5 to 10% risk of complete AV block caused by proximity of
the fast pathway to the His bundle (217).

Targeting the slow pathway along the posteroseptal region
of the tricuspid annulus markedly reduces the risk of heart
block and is the preferred approach. A prospective, random-
ized comparison of the fast- and slow-pathway approaches
demonstrates equivalent success rates (218). Advantages of

slow-pathway ablation include alower incidence of complete
AV block (1 vs. 8%) and the absence of the hemodynamic
consequences of marked prolongation of the PR interval.
Hence, slow pathway ablation is always used initially and
fast pathway ablation is considered only when slow pathway
ablation fails. Mapping to target discrete “slow-pathway”
potentials was proposed originally (219), but an anatomical
approach targeting the region between the coronary sinus
ostium and the tricuspid annulus is also effective. A random-
ized study comparing an anatomical versus “slow-pathway
potential-guided” approach showed no difference in success,
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number of RF applications, duration of ablation or fluo-
roscopy, or complications (220).

In the fast-slow form of AVNRT, the slow pathway can be
targeted directly by mapping the atrial exit site during tachy-
cardia. In the ow-slow form of AVNRT, the retrograde slow
pathway is likely to be composed of tissue originating from
an extension of the AV node along the left side of the intera-
trial septum. Earliest retrograde atrial activation can be suc-
cessfully and safely ablated within the ostium of the coro-
nary sinus (221).

The NASPE Prospective Cardiac Ablation Registry includ-
ed 1197 patients who underwent AV-nodal modification for
AVNRT. Success was achieved in 96.1%, and the only sig-
nificant complication was a 1% incidence of second-degree
or third-degree AV block (222). These data have been con-
firmed by others (223). Atrioventricular block may compli-
cate slow-pathway ablation due to posterior displacement of
the fast pathway, superior displacement of the slow pathway
(and coronary sinus), or inadvertent anterior displacement of
the catheter during RF application. Pre-existing first-degree
AV block does not appear to increase appreciably the risk of
developing complete AV block (224), athough caution is
advised. The recurrence rate after ablation is approximately
3 to 7% (223,225,226).

Ablation of the slow pathway may be performed in patients
with documented SVT (which is morphologically consistent
with AVNRT) but in whom only dual AV-nodal physiology
(but not tachycardia) is demonstrated during electrophysio-
logical study (227). Because arrhythmia induction is not an
available endpoint for successful ablation in this circum-
stance, the surrogate endpoint of an accelerated junctional
rhythm during ablation is a good indication of slow-pathway
ablation.

Slow-pathway ablation may be considered at the discretion
of the physician when sustained (greater than 30 seconds)
AVNRT isinduced incidentally during an ablation procedure
directed at a different clinical tachycardia.

Indications for ablation depend on clinical judgment and
patient preference. Factors that contribute to the therapeutic
decision include the frequency and duration of tachycardia,
tolerance of symptoms, effectiveness and tolerance of antiar-
rhythmic drugs, need for lifelong drug therapy, and the pres-
ence of concomitant structural heart disease. Catheter abla-
tion has become the preferred therapy, compared with long-
term pharmacologic therapy, for management of patients
with AVNRT. The decision to ablate or proceed with drug
therapy as initial therapy is, however, often patient specific,
related to lifestyle issues (eg, planned pregnancy, competitive
athlete, recreationa pilot), affected by individua inclinations
or aversions with regard to an invasive procedure or the
chronicity of drug therapy, and influenced by the availability
of an experienced center for ablation. Because drug efficacy
isin the range of 30 to 50%, catheter ablation may be offered
as first-line therapy for patients with frequent episodes of
tachycardia. Patients considering RF ablation must be will-
ing to accept the risk, albeit low, of AV block and pacemak-
er implantation.
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C. Focal and Nonparoxysmal Junctional
Tachycardia

1. Focal Junctional Tachycardia
a. Definition

Abnormally rapid discharges from the junctional region have
been designated by a number of terms, each of which has
deficiencies. For example, some refer to these disorders as
“junctional ectopic tachycardia” The problem with thisterm
is redundancy because all pacemakers outside the sinus node
arein fact ectopic. The term “automatic junctional tachycar-
dia’ suggests that the dominant mechanism is abnormal
automaticity; however, mechanisms other than abnormal
automaticity may be operative. The writing committee
believes it reasonable to designate these arrhythmias as focal
junctional tachycardia, which has a neutral connotation with
regard to arrhythmic mechanism.

b. Diagnoses

The unifying feature of focal junctional tachycardias is their
origin from the AV node or His bundle. This site of arrhyth-
mia origin results in varied ECG manifestations because the
arrhythmia requires participation of neither the atrium nor
the ventricle for its propagation. The ECG features of foca
junctional tachycardia include heart rates of 110 to 250 bpm
and a narrow complex or typical BBB conduction pattern.
Atrioventricular dissociation is often present (Fig. 10),
although one-to-one retrograde conduction may be transient-
ly observed. On occasion, the junctional rhythm is quite
erratic, suggesting AF. Finally, isolated, concealed junction-
al extrasystoles that fail to conduct to the ventricles may pro-
duce episodic AV block by rendering the AV node intermit-
tently refractory.

During electrophysiological study, each ventricular depo-
larization is preceded by a His bundle deflection (228,229).
The precise electrophysiologica mechanism of this arrhyth-
mia is thought to be either abnormal automaticity or trig-
gered activity based on its response to beta-adrenergic stim-
ulation and calcium-channel blockade (230,231).

c. Clinical Features

Focal junctiona tachycardia, also known as automatic or
paroxysmal junctional tachycardia, is a very uncommon
arrhythmia. It israre in the pediatric population and even less
common in adults. Under the common umbrella of “focal
junctional tachycardia’ are several distinct clinical syn-
dromes. The most prevalent among these, so-called “congen-
ital junctional ectopic tachycardia’ and “ postoperative junc-
tional ectopic tachycardia” occur exclusively in pediatric
patients and are, therefore, outside of the scope of this docu-
ment.

Focal junctional tachycardia usually presents in young
adulthood. It has been speculated that this form of arrhyth-
miais an adult extension of the pediatric disorder commonly
termed “congenital junctional ectopic tachycardia” If thisis
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Figure 10. Surface ECG recording from leads V1, Il, and V5 in a patient with focal junctional tachycardia. The upper panel shows
sinus rhythm. The lower panel shows tachycardia onset with the characteristic finding of isorhythmic AV dissociation (arrows). The
large arrow signifies continuous recording. AV indicates atrioventricular; ECG, electrocardiogram.

the case, then it appears to be more benign than is the pedi-
atric form. This arrhythmiais usually exercise or stressrelat-
ed and may be found in patients with structurally normal
hearts or in patients with congenital abnormalities, such as
atrial or ventricular septal defects (230). The patients are
often quite symptomatic and, if untreated, may develop heart
failure, particularly if the tachycardiais incessant.

d. Management

Relatively little information is available about the response
of rapid foca junctional tachycardia to suppressive drug
therapy. Patients typically show some responsiveness to beta
blockade. The tachycardia can be slowed or terminated with
IV flecainide and shows some positive response to long-term
ora therapy (232,233). Drug therapy is only variably suc-
cessful, and ablative techniques have been introduced to cure
tachycardia. Catheter ablation can be curative by destroying
the foci adjacent to the AV node, but the procedure appears
to be associated with risk (5 to 10%) of AV block (234-236).

In one series, 17 patients with focal junctional tachycardia
were referred for electrophysiological testing and possible
catheter ablation. Ten of 11 patients undergoing RF catheter
ablation in this series had acute tachycardia elimination.
Eight patients remained symptom free during follow-up
(228). The related pediatric disorder has been successfully
treated with propafenone (237), sotalol (238), and amio-
darone (239,240), although the latter is limited by its slow
onset of action.

2. Nonparoxysmal Junctional Tachycardia

a. Definition and Clinical Features

Nonparoxysmal junctional tachycardia is a benign arrhyth-
mia that is characterized by a narrow complex tachycardia
with rates of 70 to 120 bpm. The arrhythmia mechanism is

thought to be enhanced automaticity arising from a high
junctional focus (68) or in response to atriggered mechanism
(241). It shows atypical “warm-up” and “ cool-down” pattern
and cannot be terminated by pacing maneuvers. The most
important feature about this tachycardia is that it may be a
marker for a serious underlying condition, such as digitalis
toxicity (242), postcardiac surgery, hypokalemia, or myocar-
dial ischemia. Other associated conditions include chronic
obstructive lung disease with hypoxia, and inflammatory
myocarditis. Unlike the more rapid form of focal junctional
tachycardia, there is commonly one-to-one AV association.
In some cases, particularly in the setting of digitalis toxicity,
anterograde AV-nodal Wenckebach conduction block may be
observed (241,243).

The diagnosis must be differentiated from other types of
narrow complex tachycardia, including AT, AVNRT, and
AVRT. Usually, the clinical setting in which the arrhythmia
presents and the ECG findings allow the clinician to ascer-
tain the arrhythmia mechanism. However, in some cases, the
mechanism may be determined only with invasive electro-
physiological testing.

b. Management

The mainstay of managing nonparoxysmal junctional tachy-
cardiais to correct the underlying abnormality. Withholding
digitalis when junctional tachycardia is the only clinical
manifestation of toxicity is usually adequate. However, if
ventricular arrhythmias or high-grade heart block are
observed, then treatment with digitalis-binding agents may
beindicated. It is not unusual for automatic activity from the
AV node to exceed the sinus rate, leading to loss of AV syn-
chrony. This should be regarded as a physiological condition,
and no specific therapy is indicated. Persisting junctional
tachycardia may be suppressed by beta blockers or calcium-
channel blockers (68). In rare cases, the emergence of ajunc-
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Recommendations for Treatment of Focal and Nonparoxysmal Junctional Tachycardia Syndromes

Level of
Clinical Presentation Recommendation Class Evidence References
Focal junctional tachycardia Beta blockers lla C
Flecainide lla C (232)
Propafenone* Ila C (237)
Sotalol* la C (238)
Amiodarone* lla C (239,240)
Catheter ablation lla C (228,234-236)
Nonparoxysmal junctional Reverse digitalis toxicity | C (242,243)
tachycardia Correct hypokalemia | C
Treat myocardial ischemia | C (244)
Beta blockers, calcium-channel blockers lla C (68,245)

The order in which treatment recommendations appear in this table within each class of recommendation does not necessarily reflect a preferred sequence of administration. Please
refer to text for details. For pertinent drug dosing information, please refer to the ACC/AHA/ESC Guidelines on the Management of Patients With Atrial Fibrillation.

*Data available for pediatric patients only.

tional rhythm is the result of sinus node dysfunction.
Sympathetic stimulation of the AV-junction automaticity can
lead to an AV-junctional rhythm that supersedes the sinus
rhythm. In these cases, symptoms mimicking “pacemaker
syndrome” may occur due to retrograde conduction from the
AV junction to the atrium and resultant atrial contraction
against closed AV valves, resulting in cannon A waves and
possible hypotension. Atrial pacing is an effective treatment
for this condition.

D. Atrioventicular Reciprocating Tachycardia
(Extra Nodal Accessory Pathways)

Typical accessory pathways are extra nodal pathways that
connect the myocardium of the atrium and the ventricle
across the AV groove. Delta waves detectable on an ECG
have been reported to be present in 0.15 to 0.25% of the gen-
eral population (246,247). Pathway conduction may be inter-
mittent. A higher prevalence of 0.55% has been reported in
first-degree relatives of patients with accessory pathways
(248). Accessory pathways can be classified on the basis of
their location along the mitral or tricuspid annulus; type of
conduction (decremental [ie, progressive delay in accessory
pathway conduction in response to increased paced rates] or
nondecremental); and whether they are capable of antero-
grade conduction, retrograde conduction, or both. Accessory
pathways usually exhibit rapid, nondecremental conduction,
similar to that present in normal His-Purkinje tissue and atri-
a or ventricular myocardium. Approximately 8% of acces-
sory pathways display decremental anterograde or retrograde
conduction (249). The term “permanent form of junctional
reciprocating tachycardia’ is used to refer to a rare clinical
syndrome involving a slowly conducting, concealed, usually
posteroseptal (inferoseptal) accessory pathway. This syn-
drome is characterized by an incessant SVT, usualy with
negative P waves in leads Il, 1ll, and avVF and a long RP
interval (RP greater than PR).

Accessory pathways that are capable of only retrograde
conduction are referred to as “concealed,” whereas those
capable of anterograde conduction are “manifest,” demon-
strating pre-excitation on a standard ECG. The degree of pre-
excitation is determined by the relative conduction to the
ventricle over the AV node-His bundle axis versus the acces-
sory pathway. In some patients, anterograde conduction is
apparent only with pacing closeto the atrial insertion site, as,
for example, for left-lateral-located pathways. Manifest
accessory pathways usually conduct in both anterograde and
retrograde directions (250). Those that conduct in the antero-
grade direction only are uncommon, whereas those that con-
duct in the retrograde direction are common.

The diagnosis of WPW syndrome is reserved for patients
who have both pre-excitation and tachyarrhythmias. Among
patients with WPW syndrome, AVRT is the most common
arrhythmia, accounting for 95% of re-entrant tachycardias
that occur in patients with an accessory pathway.

Atrioventricular re-entry tachycardia is further subclassi-
fied into orthodromic and antidromic AVRT. During ortho-
dromic AVRT, the re-entrant impulse conducts over the AV
node and the specialized conduction system from the atrium
to the ventricle and utilizes the accessory pathway for con-
duction from the ventricle to the atrium. During antidromic
AVRT, the re-entrant impulse travels in the reverse direction,
with anterograde conduction from the atrium to the ventricle
occurring via the accessory pathway and retrograde conduc-
tion over the AV node or a second accessory pathway.
Antidromic AVRT occurs in only 5 to 10% of patients with
WPW syndrome. Pre-excited tachycardias can also occur in
patients with AT, atria flutter, AF, or AVNRT, with the acces-
sory pathway acting as a bystander (ie, not a critical part of
the tachycardia circuit).

Atria fibrillation is a potentially life-threatening arrhyth-
mia in patients with WPW syndrome. If an accessory path-
way has a short anterograde refractory period, then rapid
repetitive conduction to the ventricles during AF can result in
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arapid ventricular response with subsequent degeneration to
VF (251-253). It has been estimated that one third of patients
with WPW syndrome also have AF (254). Accessory path-
ways appear to play a pathophysiological role in the devel-
opment of AF in these patients, as most are young and do not
have structural heart disease. Rapid AVRT may play arolein
initiating AF in these patients. Surgical or catheter ablation
of accessory pathways usualy eliminates AF as well as
AVRT (255,256).

1. Sudden Death in WPW Syndrome and Risk
Stratification

The incidence of sudden cardiac death in patients with WPW
syndrome has been estimated to range from 0.15 to 0.39%
(253) over 3- to 10-year follow-up (257,258). It is unusual
for cardiac arrest to be the first symptomatic manifestation of
WPW syndrome (253). Conversely, in about half of the car-
diac arrest casesin WPW patients, it isthe first manifestation
of WPW syndrome (258). Given the potentia for AF among
patients with WPW syndrome and the concern about sudden
cardiac death resulting from rapid pre-excited AF, even the
low annual incidence of sudden death among patients with
WPW syndrome is of note and supports the concept of liber-
al indications for catheter ablation.

Studies of WPW syndrome patients who have experienced
cardiac arrest have retrospectively identified a number of
markers that identify patients at increased risk (251,258-
262). These include 1) a shortest pre-excited R-R interval
less than 250 ms during spontaneous or induced AF, 2) ahis-
tory of symptomatic tachycardia, 3) multiple accessory path-
ways, and 4) Ebstein's anomaly. A high incidence of sudden
death has been reported in familidl WPW syndrome. This
familial presentation is, however, exceedingly rare (263).
Several noninvasive and invasive tests have been proposed as
useful in risk-stratifying patients for sudden death risk. The
detection of intermittent pre-excitation, which is character-
ized by an abrupt loss of the deltawave and normalization of
the QRS complex, is evidence that an accessory pathway has
arelatively long refractory period and is unlikely to precipi-
tate VF (264). The loss of pre-excitation after administration
of the antiarrhythmic drug procainamide has also been used
to indicate a low-risk subgroup (262). Noninvasive tests are
considered inferior to invasive electrophysiological assess-
ment for risk of sudden cardiac death. For this reason, non-
invasivetests currently play littlerolein patient management.

2. Acute Treatment

The approach to acute evaluation and management during a
sustained regular tachycardia is addressed in Sections IV-A
and IV-B. The approach to acute termination of these
arrhythmias generally differs from that used for long-term
suppression and prevention of further episodes of SVT.
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a. Special Considerations for Patients With Wide-
Complex (Pre-excited) Tachycardias

In patients with antidromic tachycardia, drug treatment may
be directed at the accessory pathway or at the AV node
because both are critical components of the tachycardia cir-
cuit. Atrioventricular nodal—blocking drugs would, however,
be ineffective in patients who have anterograde conduction
over one pathway and retrograde conduction over a separate
accessory pathway because the AV node is not involved in
the circuit. Adenosine should be used with caution because it
may produce AF with a rapid ventricular rate in pre-excited
tachycardias. Ibutilide, procainamide, or flecainide, which
are capable of sowing the conduction through the pathway,
are preferred.

Pre-excited tachycardias occurring in patients with either
AT or atria flutter with a bystander accessory pathway may
present with a one-to-one conduction over the pathway.
Caution is advised against AV-nodal—blocking agents, which
would obviously be ineffective in this situation.
Antiarrhythmic drugs, which prevent rapid conduction
through the bystander pathway, are preferable, even if they
may not convert the atrial arrhythmia. Similarly, it is prefer-
able to treat pre-excited AF by IV ibutilide, flecainide, or
procainamide.

Patients with AVNRT and pre-excited tachycardia with a
bystander accessory pathway may respond to AV-
nodal-blocking drugs, which are usually discouraged
because of the risk of AV-nodal blockade and acceleration of
ventricular rate if AF occurs.

3. Long-Term Pharmacologic Therapy

Antiarrhythmic drugs represent one therapeutic option for
management of accessory pathway mediated-arrhythmias,
but they have been increasingly replaced by catheter abla-
tion. Antiarrhythmic drugs that primarily modify conduction
through the AV node include digoxin, verapamil, beta block-
ers, adenosine, and diltiazem. Antiarrhythmic drugs that
depress conduction across the accessory pathway include
class | drugs, such as procainamide, disopyramide,
propafenone, and flecainide, as well class I11 antiarrhythmic
drugs, such asibutilide, sotalol, and amiodarone.

a. Prophylactic Pharmacologic Therapy

There have been no controlled trials of drug prophylaxis
involving patients with AVRT; however, a number of small,
nonrandomized trials have been performed (each involving
fewer than 50 patients), and they have reported the safety and
efficacy of drug therapy for maintenance of sinus rhythm in
patients with supraventricular arrhythmias. A subset of the
patients in these studies had AVRT as their underlying
arrhythmia. Available data do not allow a comparison of the
efficacy of these drugs relative to one another. The drugs
available to treat AVRT include any drug that alters either
conduction through the AV node (eg, nondihydropyridine
calcium-channel blockers, beta blockers, digoxin) or a drug
that alters conduction through the atrium, ventricle, or acces-
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sory pathway (eg, class la, Ic, or Il antiarrhythmic agents).
The available data are outlined below. Of note isthat no stud-
ies have examined the efficacy of chronic oral beta blockers
in the treatment of AVRT and/or WPW syndrome. The
absence of studies specifically examining the role of beta-
blocker therapy in the treatment of WPW syndrome likely
reflects the fact that catheter ablation is the therapy of choice
for these patients. Despite the absence of data from clinical
trials, chronic oral beta-blocker therapy may be used for
treatment of patients with WPW syndrome, particularly if
their accessory pathway has been demonstrated during elec-
trophysiological testing to be incapable of rapid anterograde
conduction.

ProraFENONE. The largest published study that reported the
efficacy of propafenone in adult patients involved 11 indi-
viduals. Propafenone resulted in anterograde conduction
block in the accessory pathway in 4 of 9 patients and retro-
grade block in 3 of 11 patients. Atrioventricular re-entry
tachycardia was rendered noninducible in 6 of 11 patients.
During 9 plus or minus 6 months of follow-up, none of the
10 patients discharged on a combination of propafenone and
a beta blocker experienced a recurrence. No major side
effects were reported (265). Other small trials have evaluat-
ed the efficacy of propafenone in the treatment of AVRT in
children (266-269). The largest of theseinvolved 41 children.
Chronic administration of propafenone was effective in 69%.
Side effects occurred in 25% of these patients (243).

FLECAINIDE. A number of studies have examined the acute
and long-term efficacy of oral and 1V flecainide in the treat-
ment of patients with AVRT. The largest of these studies
involved 20 patients with AVRT (270). The oral administra-
tion of flecainide (200 to 300 mg/day) resulted in an inabili-
ty to induce sustained tachycardiain 17 of these 20 patients.
The electrophysiological effects of flecainide were partialy
reversed by administration of isoproterenol. During 15 plus
or minus 7 months of follow-up on oral flecainide treatment,
3 patients developed arecurrence of tachycardia. Other stud-
ies have reported similar findings (271-276). The addition of
a beta blocker results in greater efficacy, with greater than
90% of patients achieving abolition of symptomatic tachy-
cardia (270,277). In addition to studies that specificaly
focused on patients with a known AVRT, several randomized
trials have evaluated the efficacy of flecainide in the treat-
ment of patients with PSVT of undetermined tachycardia
mechanism. One study enrolled 34 patients with PSVT in a
double-blinded, placebo-controlled trial with an 8-week
crossover trial design (205). Flecainide was shown to be
superior to placebo; 8 of the 34 patients had a recurrence dur-
ing flecainide therapy, compared with 29 of 34 patients hav-
ing arecurrence on placebo (205). Treatment with flecainide
aso increases the time to first symptomatic event and time to
subsequent events.

SotaLoL. The efficacy of ora sotalol in the prevention of
AVRT has been reported in a single study (278), which
involved 17 patients with an accessory pathway. Fourteen of
15 patients with inducible sustained tachycardia during elec-
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trophysiological testing continued to have inducible tachy-
cardia after administration of 1V sotalol. Thirteen of the 16
patients who were discharged taking oral sotalol were free of
symptomatic recurrences during a median of 36 months of
follow-up (278).

AMIODARONE. Severa studies have evaluated the efficacy of
amiodarone in the treatment of patients with accessory path-
way-mediated tachycardias (279-282). However, these stud-
ies do not demonstrate that amiodarone is superior to class|c
antiarrhythmic agents or sotalol. Asaresult of these findings,
combined with the well-recognized organ toxicity associated
with amiodarone and the high rate of discontinuation of this
drug, amiodarone generally is not warranted for treatment of
patients with accessory pathways. Exceptions are for patients
with structural heart disease who are not thought to be can-
didates for catheter ablation.

VErARAaMIL. The efficacy of verapamil in the prevention of
AVRT has been reported in a single study, which involved
seven patients (283). Four of the 17 patients continued to
have inducible AVRT during electrophysiological testing
despite treatment with oral verapamil. Adequate follow-up
data in these patients were not provided. Intravenous vera-
pamil can precipitate hemodynamic deterioration during AF.
Verapamil and diltiazem should not be used as the sole ther-
apy for patients with accessory pathways that might be capa-
ble of rapid conduction during AF. This concern also applies
to digoxin, which also should not be used in this situation.

OTHER DRucs. No studies have been performed to determine
the short- or long-term efficacy of procainamide or quinidine
in the treatment of AVRT.

b. Sngle-Dose Oral Therapy (Pill-in-the-Pocket)

Some patients with infrequent episodes of tachycardia may
be managed with the single-dose, “pill-in-the-pocket”
approach: taking an antiarrhythmic drug only at the onset of
a tachycardia episode (211). This approach to treatment is
reserved for patients without pre-excitation and with uncom-
mon and hemodynamically tolerated tachycardia. A recent
study reported that 94% of induced PSVT episodes were ter-
minated in the electrophysiology laboratory within 32 min-
utes plus or minus 22 minutes by administration of a combi-
nation of diltiazem (120 mg) plus propranolol (80 mg) (211).
This treatment was successful in terminating PSVT within 2
hours during outpatient follow-up in 81% of patients.
Another finding of this study was that flecainide, when given
as a single dose for acute termination of PSVT, was signifi-
cantly less effective than the combination of diltiazem and
propranolal.

4. Catheter Ablation

Catheter ablation of accessory pathwaysis performed in con-
junction with a diagnostic electrophysiological test. The pur-
poses of the electrophysiological test are to confirm the pres-
ence of an accessory pathway, determine its conduction char-
acteristics, and defineitsrolein the patient’s clinical arrhyth-
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mia. Once the arrhythmiais localized, ablation is performed
using a steerable ablation catheter. There have been no
prospective, randomized clinical trias that have evaluated
the safety and efficacy of catheter ablation of accessory path-
ways; however, the results of catheter ablation of accessory
pathways have been reported in alarge number of single-cen-
ter trials (284-288), one multicenter trial (225), and several
prospective registries (222,289,290). The initial efficacy of
catheter ablation of accessory pathways is approximately
95% in most series (225,284-288). The success rate for
catheter ablation of left free-wall accessory pathways is
dlightly higher than for catheter ablation of accessory path-
ways in other locations. After an initially successful proce-
dure, resolution of the inflammation or edema associated
with the initia injury allows recurrence of accessory path-
way conduction in approximately 5% of patients. Accessory
pathways that recur can usually be successfully ablated dur-
ing a second session.

Complications associated with catheter ablation of acces
sory pathways result from radiation exposure, vascular
access (eg, hematomas, deep venous thrombosis, arterial per-
foration, arteriovenous fistula, pneumothorax), catheter
manipulation (eg, valvular damage, microemboli, perforation
of the coronary sinus or myocardial wall, coronary artery
dissection, thrombosis), or delivery of RF energy (eg, AV
block, myocardial perforation, coronary artery spasm or
occlusion, transient ischemic attacks, cerebrovascular acci-
dents [284]) (222,225,285-290). The procedure-related mor-
tality reported for catheter ablation of accessory pathways
ranges from 0 to 0.2% (222,225,284-290). The voluntary
Multicentre European Radiofrequency Survey (MERFS)
reported data from 2222 patients who underwent catheter
ablation of an accessory pathway (290). The overall compli-
cation rate was 4.4%, including 3 deaths (0.13%). The 1995
NASPE survey of 5427 patients who underwent catheter
ablation of an accessory pathway reported a total of 99
(1.82%) significant complications, including 4 procedure-
related deaths (0.08%) (289). Among the 500 patients who
underwent catheter ablation of an accessory pathway as part
of a prospective, multicenter clinical trial, there was 1 death
(0.2%). This patient died of dissection of the left main coro-
nary artery during an attempt at catheter ablation of a left
free-wall accessory pathway (225). The most common major
complications are complete AV block and cardiac tampon-
ade. The incidence of inadvertent complete AV block ranges
from 0.17 to 1.0%. Most occur in the setting of attempted
ablation of septal accessory pathways located close to the AV
junction. The frequency of cardiac tamponade varies
between 0.13 and 1.1%.

5. Management of Patients With Asymptomatic
Accessory Pathways

An ECG pattern of pre-excitation is occasionally encoun-
tered in a subject who has no symptoms of arrhythmia. The
role of electrophysiological testing and catheter ablation in
asymptomatic patients with pre-excitation is controversial.
One-third of asymptomatic individuals younger than 40

ACC - www.acc.org
AHA - www.americanheart.org
ESC - www.escardio.org

years of age when pre-excitation was identified eventually
devel oped symptoms, whereas no patients in whom pre-exci-
tation was first uncovered after the age of 40 years devel oped
symptoms (253). Most patients with asymptomatic pre-exci-
tation have a good prognosis; cardiac arrest is rarely the first
manifestation of the disease (258). Prior studies have report-
ed that approximately 20% of asymptomatic patients will
demonstrate a rapid ventricular rate during AF induced dur-
ing electrophysiological testing (257,291). However, during
follow-up, very few patients devel oped symptomatic arrhyth-
mias, and none of these individuals experienced a cardiac
arrest (257,291). The positive predictive value of invasive
electrophysiological testing is considered to be too low to
justify routine use in asymptomatic patients (89,258,292).
The decision to ablate pathwaysin individual s with high-risk
occupations, such as school bus drivers, pilots, and scuba
divers (292), is made on the basis of individual clinical con-
siderations (89). These recommendations are likely to remain
unchanged despite the results of a study that identified the
results of electrophysiological testing as an important pre-
dictor of arrhythmic events in patients with asymptomatic
pre-excitation (293). This study reported the follow-up of
212 patients with asymptomatic pre-excitation, all of whom
underwent a baseline eectrophysiological study. After 38
plus or minus 16 months of follow-up, 33 patients became
symptomatic, and 3 of these patients experienced VF (result-
ing in death in 1 patient). The most important factor in pre-
dicting outcome was the inducibility of AVRT or AF during
the baseline el ectrophysiological study. The presence of mul-
tiple accessory pathways was also identified as a predictor of
future arrhythmic events. Of the 115 noninducible patients,
only 3.4% developed a symptomatic supraventricular
arrhythmia during follow-up. In contrast, 62% of the 47
inducible patients developed a symptomatic arrhythmia dur-
ing follow-up (including the 3 patients who experienced VF).

Patients with asymptomatic pre-excitation should be
encouraged to seek medical expertise whenever arrhythmia-
related symptoms occur. The potentia value of electrophysi-
ological testing in identifying high-risk patients who may
benefit from catheter ablation must be balanced against the
approximately 2% risk of a major complication associated
with catheter ablation.

6. Summary of Management

In generdl, patients who have WPW syndrome (pre-excita-
tion and symptoms), and particularly those with hemody-
namic instability during their arrhythmia, should undergo
catheter ablation as first-line therapy. Patients who experi-
ence uncommon, minimally symptomatic episodes of SVT
who do not have evidence of pre-excitation can be treated
with a variety of approaches. These patients with concealed
accessory pathways can be managed as patients with
AVNRT. Patient preference is always an important consider-
ation. Catheter ablation has sufficient efficacy and low risk to
be used for symptomatic patients, either asinitial therapy or
for patients experiencing side effects or arrhythmia recur-
rence during drug therapy.
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Recommendations for Long-Term Therapy of Accessory Pathway—M ediated Arrhythmias

Level of
Arrhythmia Recommendation Class Evidence References
WPW syndrome Catheter ablation | B (89,222,265,285)
(pre-excitation and Flecainide, propafenone lla C (205,265-277)
symptomatic Sotalol, amiodarone, beta blockers lla C (278-282)
arrhythmias), Verapamil, diltiazem, digoxin I C (283)
well tolerated
WPW syndrome (with Catheter ablation | B (222,225,
AF and rapid-conduction 284-290)
or poorly tolerated
AVRT)
AVRT, poorly Catheter ablation | B (222,225,284-290)
tolerated (no Flecainide, propafenone lla C (205,265-277)
pre-excitation) Sotalol, amiodarone lla C (278-282)
Beta blockers b C (283)
Verapamil, diltiazem, digoxin I C (283)
Single or infrequent None | C
AVRT episode(s) Vaga maneuvers | B
(no pre-excitation) "Pill-in-the-pocket” — | B (211,212)
verapamil, diltiazem, beta blockers
Catheter ablation la B (222,225,284-290)
Sotalol, amiodarone I1b B (278-282)
Flecainide, propafenone b C (205,265-277,283)
Digoxin Il C
Pre-excitation, asymptomatic None | C
Catheter ablation la B (222,225,284-290)

The order in which treatment recommendations appear in this table within each class of recommendation does not necessarily reflect a preferred sequence of administration. Please
refer to text for details. For pertinent drug dosing information, please refer to the ACC/AHA/ESC Guidelines on the Management of Patients With Atrial Fibrillation.

AF indicates atrial fibrillation; AVRT, atrioventricular reciprocating tachycardia; WPW, Wolff-Parkinson-White.

E. Focal Atrial Tachycardias
1. Definition and Clinical Presentation

Focal ATs are characterized by regular atrial activation from
atrial areas with centrifugal spread (294). Focal ATs are usu-
aly manifest by atria rates between 100 to 250 bpm and
rarely at 300 bpm. Neither the sinus nor the AV node plays a
role in the initiation or perpetuation of the tachycardia.

Nonsustained AT is frequently found on Holter recordings
and seldom associated with symptoms. Sustained focal ATs
are relatively rare; they are diagnosed in about 10 to 15% of
patients referred for catheter ablation of SVT (295,296). The
prevalence of focal AT has been calculated to be 0.34% in
asymptomatic patients versus 0.46% in symptomatic patients
(297). Focal ATs account for 10 to 23% of SV Tsin children
with normal hearts and a much higher percentage in children
with congenital heart disease (298-302).

The outlook of patients with focal AT is usually benign
with the exception of incessant forms, which may lead to
tachycardia-induced cardiomyopathy (303). In adults, foca
AT can occur in the absence of cardiac disease, but it is often
associated with underlying cardiac abnormalities (184,186,

295,304-309). Atrial tachycardia, usualy with AV block,
may be produced by digitalis excess. Thisarrhythmiamay be
exacerbated by hypokalemia. Foca ATs may present as
either paroxysmal or permanent tachycardias.

2. Diagnosis

In ATs, the P waves generally occur in the second half of the
tachycardia cycle (see Section I-B). Therefore, in ATs, the P
wave is frequently obscured by the T wave of the preceding
QRS complex (Fig. 11). The PR interva is directly influ-
enced by the tachycardiarate. The presence of AV block dur-
ing tachycardia excludes AVRT and makes AVNRT very
unlikely. During ATs, an isoelectric baseline is usually pres-
ent between P waves, and it is used to distinguish AT from
typical or atypica flutter (ie, saw-toothed or sinusoidal P-
wave morphologies) (Figs. 12 and 13). However, in the pres-
ence of rapid rates and/or atrial conduction disturbances, P
waves can be very wide without an isoelectric baseline, thus
mimicking atrial flutter (294). It should also be emphasized
that an ECG pattern of AT with discrete P waves and iso-
electric baselines does not rule out macro—e-entrant tachy-
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Figure 11. Focal atrial tachycardia showing a long RP interval relationship. The P wave in AT usually occurs in the latter part of the
tachycardia cycle (arrows) but can appear earlier, depending on the rate and status of AV-nodal conduction. AT indicates atrial tachy-

cardia; AV, atrioventricular.

cardia, especialy if complex structural heart disease is pres-
ent and/or there has been surgery for congenital heart dis-
ease. The diagnosis of AT can be established with certainty
only by an electrophysiological study, including mapping
and entrainment.

Although definite localization of the source of AT requires
intracardiac mapping, the P-wave morphology on the 12-
lead surface ECG is different from sinus rhythm and may be
useful for the determination of the site of origin of the focal
AT (310). A positive or biphasic P-wave morphology in sur-
face lead avVL and a negative or biphasic P wave in lead V1
favors aright atrial origin. A negative P wave in leads | or
aVvL, or apositive Pwave in lead V1, favors aleft atrial ori-

gin. In addition, negative P waves in the inferior leads are
suggestive of a caudal origin, whereas a positive P wave in
those leads suggests a cranial origin (310). Of interest, the P
waves during sinus rhythm may be similar to those originat-
ing from the high crista terminalis or right superior pul-
monary vein (311). The latter site will, however, often show
a positive P wave in lead V1; hence, a change in P-wave
polarity from sinus rhythm should arouse suspicion of a
right superior pulmonary vein (PV) site. Multilead body sur-
face potential mapping can be used to help localize the
tachycardia site of origin (312).
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Figure 12. 12-Lead ECG from a patient with counterclockwise cavotricuspid isthmus-dependent flutter. Note that the flutter waves in
the inferior leads are predominantly negative (arrow), whereas the flutter waves in lead V1 are positive (arrow). ECG indicates elec-

trocardiogram; ms, milliseconds.
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Figure 13. 12-Lead ECG from a patient with clockwise cavotricuspid isthmus-dependent flutter. Note that the flutter waves are pos-
itive in the inferior leads and predominantly negative double waves in lead V1. ECG indicates electrocardiogram; ms, milliseconds.

3. Site of Origin and M echanisms

Focal ATs are not randomly distributed but rather tend to
cluster over certain anatomical zones. The mgjority of right-
sided ATs originate along the crista terminalis from the SA
node to the AV node (313,314), but other right atrial sites
include the atrial septum, atrial appendages, Koch’s triangle,
and the tricuspid annulus (314-321). Conversely, severd
venous structures have been demonstrated to have atria
myocardial extensions that may contain a tachycardia focus,
such as SV C or coronary sinusATs (322-325). In the | eft atri-
um, foci are often found in the pulmonary veins, in the atrial
septum, or on the mitral annulus (326); in many cases, they
are generators for AF.

Focal ATs are characterized by radial spread of activation
from a focus, with endocardial activation not extending
through the entire atrial cycle. The mechanism of focal dis-
charge is difficult to ascertain by clinical methods. Available
information suggests that focal activity can be caused by
abnormal or enhanced automaticity, triggered activity (due to
delayed afterdepolarization), or micro—re-entry (306,327,
328). Automatic ATs could arise from atria foci in which
spontaneous phase 4 depolarization occurs in cells with nor-
mal or abnormal resting membrane potentias. The progres-
siveincreasein atria rate with tachycardia onset (ie, “warm-
up”) and/or progressive decrease before tachycardia termina-
tion (ie, “cool- down”) are suggestive of an automatic mech-
anism (329). Typical automatic ATs may arise spontaneous-
ly or increase their rate of discharge in response to adrener-
gic stimulation. However, inducibility of re-entrant and trig-
gered ATs is also enhanced by catecholamines (306,327-
331). Automatic ATs tend to be incessant, especialy in chil-
dren, whereas those attributed to triggered activity may be
either incessant or paroxysmal (305,327-331).

a. Drug-Induced Atrial Tachycardia

The drug most commonly associated with induction of focal
AT isdigitalis. Thisdrug-induced AT is usually characterized
by development of AT with AV block; hence, the ventricular
rate is not excessively rapid. Serum digoxin levels are help-
ful for diagnoses. Treatment consists of discontinuing the
digitalis. In cases of persistent advanced AV block, digitalis-
binding agents may be considered (332).

4. Treatment

The efficacy of antiarrhythmic drugs is poorly defined
because the clinical definition of focal ATs is often not very
rigorous. No large studies have been conducted to assess the
effect of pharmacologic treatment on patients with focal ATs,
but both paroxysmal and incessant ATs are reported to be dif-
ficult to treat medically.

a. Acute Treatment

Onrare occasions, ATs may be terminated with vagal maneu-
vers. A significant proportion of ATs will terminate with
administration of adenosine. Adenosine-sensitive ATs are
usualy focal in origin (306,315,316,333,334). Persistence of
the tachycardia with AV block is aso a common response to
adenosine. In addition, ATs that are responsive to 1V vera
pamil or beta blockers have been reported. It is conceivable
that the mechanism of AT in these patients relates either to
micro—re-entry, involving tissue with slow conduction, or to
triggered activity. Class la or class Ic drugs may suppress
automaticity or prolong action-potential duration and, hence,
may be effective for some patients with AT (335).

For patients with automatic AT, atrial pacing (or adenosine)
may result in transient postpacing slowing but no tachycardia
termination. Similarly, DC cardioversion seldom terminates



Blomstrém-Lundqvist and Scheinman et al. 2003
32 ACC/AHA/ESC Practice Guidelines

automatic ATs, but DC cardioversion may be successful for
those in whom the tachycardia mechanism is micro—re-entry
or triggered automaticity. An attempt at DC cardioversion
should, therefore, be considered for patients with drug-resis-
tant arrhythmia.

The usual acute therapy for AT consists of IV betablockers
or calcium-channel blockers for either termination, which is
rare (336,337), or to achieve rate control through AV block,
which is often difficult to achieve. Direct suppression of the
tachycardia focus may be achieved by use of 1V class laand
Ic (338,339) or class Il (340) (eg, sotalol, amiodarone)
(209,336,341) agents. Intravenous class la or Ic agents may

Recommendations for Treatment of Focal Atrial Tachycardias*
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be taken by patients without cardiac failure, whereas IV
amiodarone is preferred for those with poor ventricular func-
tion (303,342).

b. Long-Term Pharmacologic Therapy

The available studies pertaining to long-term pharmacologic
therapy are observational, and there are problems in discern-
ing whether the tachycardias were carefully differentiated
from other mechanisms (ie, AVRT or AVNRT) or from other
forms of AT. Review of the available data supports a recom-
mendation for initia therapy with calcium-channel blockers
or beta blockers because these agents may prove to be effec-

Level of
Clinical Situation Recommendation Class Evidence References
Acute treatmentt
A. Conversion
Hemodynamically DC cardioversion | B
unstable patient
Hemodynamically stable patient Adenosine Ila C (333,334)
Beta blockers Ila C (337,351)
Verapamil, diltiazem lla C (295,339)
Procainamide Ila C
Flecainide, propafenone lla C (335,336,
338,339)
Amiodarone, sotalol lla C (209,303,336,
340-342)
B. Rate regulation (in absence of
digitalis therapy) Beta blockers | C (337,351)
Verapamil, diltiazem | C (306)
Digoxin Ib C
Prophylactic ther apy
Recurrent symptomatic AT Catheter ablation I B (346)
Beta blockers, calcium- | C
channel blockers
Disopyramidef lla C (342)
Flecainide, propafenonet lla C (335,336,339,
343,344)
Sotalol, amiodarone lla C (209,303,
340,342)
Asymptomatic or symptomatic Catheter ablation | B
incessant ATs
Nonsustained and asymptomatic No therapy | C
Catheter ablation I C

The order in which treatment recommendations appear in this table within each class of recommendation does not necessarily reflect a preferred sequence of administration. Please
refer to text for details. For pertinent drug dosing information, please refer to the ACC/AHA/ESC Guidelines on the Management of Patients With Atrial Fibrillation.

*Excluded are patients with MAT in whom beta blockers and sotalol are often contraindicated due to pulmonary disease.

TAII listed drugs for acute treatment are taken intravenously.

}Flecainide, propafenone, and disopyramide should not be used unless they are combined with an AV-nodal—blocking agent.

AT indicates atrial tachycardia; DC, direct current; MAT, multifocal atrial tachycardia.
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tive and have minimal side effects. If these drugs are unsuc-
cessful, then class |a (342), class ¢ (flecainide [ 335,336,339,
343, 344)], propafenone [209,336]) in combination with an
AV-nodal-blocking agent, or class Ill agents (sotalol and
amiodarone) may be tried because they may prove to be
effective. The potential benefit should be balanced with the
potential risks of proarrhythmia and toxicity. Because ATs
commonly occur in older patients and in the context of struc-
tural heart disease, class Ic agents should be used only after
coronary artery disease is excluded.

c. Catheter Ablation

Several mapping techniques have been described to search
for a possible ablation site for focal ATs. Regardiess of
whether the arrhythmiais due to abnormal automaticity, trig-
gering, or micro—re-entry, focal AT isablated by targeting the
site of origin of the AT. Electrograms at such sites are often
fractionated and prolonged, and the activation time is gener-
ally 30 to 100 ms before the onset of the P wave
(184,186,304,305,307-309,345). High-density mapping
techniques using an el ectroanatomical map can facilitate suc-
cessful ablation.

Pooled data from 514 patients (346) who underwent
catheter ablation for focal AT (301) showed an 86% success
rate, with a recurrence rate of 8% (184,186,304,305,307-
309,313,345,347-350). In these series, left atrial origins
accounted for 18% of ATs, and 10% of patients had multiple
foci. The incidence of significant complicationsis low (1 to
2%) in experienced centers but includes cardiac perforation,
damage to the right and left phrenic nerves, and sinus node
dysfunction. Ablation of AT from the atrial septum or Koch's
triangle may produce AV block.

For patients with drug-refractory AT or incessant AT, espe-
cially when tachycardia-induced cardiomyopathy has devel-
oped, the best therapy is catheter ablation of the focus.

5. Multifocal Atrial Tachycardia

The diagnosis of MAT is made on the basis of finding an
irregular tachycardia characterized by three or more different
P-wave morphologies at different rates (352). The rhythm is
aways irregular and frequently confused with AF, but the
rateis usually not excessively rapid (352). Thisarrhythmiais
most commonly associated with underlying pulmonary dis-
ease but may result from metabolic or electrolyte derange-
ments. It is seldom caused by digitalis excess. There is sel-
dom success using antiarrhythmic agents, but a modicum of
success has been reported using calcium-channel blockers
(353). Beta blockers are usually contraindicated because of
the presence of severe underlying pulmonary disease (354).
Therapy is instead directed at correction of pulmonary dis-
ease and/or electrolyte abnormalities. Chronic therapy often
requires use of calcium-channel blockers, as there is no role
for DC cardioversion, antiarrhythmic drugs, or ablation
(355).
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F. Macro-Re-entrant Atrial Tachycardia
1. Isthmus-Dependent Atrial Flutter

Atria flutter is characterized by an organized atrial rhythm
with a rate typically between 250 and 350 bpm.
Electrophysiological studies have shown that this simple
ECG definition includes tachycardias using a variety of re-
entry circuits. The re-entry circuits often occupy large areas
of the atrium and are referred to as “macro-re-entrant.” The
classic type of atrial flutter (ie, typical flutter) is dependent
on the cavotricuspid isthmus (CTI). The precise type of flut-
ter and, in particular, dependence on a defined isthmus (see
below) is an important consideration for catheter ablation but
does not alter the initial approach to management.

a. Definitions of Cavotricuspid Isthmus-Dependent
Flutter Circuits

Isthmus-dependent flutter refers to circuits in which the
arrhythmia involves the CTI. The most common patterns
include a tachycardia showing a counterclockwise rotation
(ie, left anterior oblique view) around the tricuspid valve
(294). A less common pattern involves clockwise rotation
around the tricuspid annulus (ie, reverse typical flutter)
(356). Counterclockwise atrial flutter is characterized elec-
trocardiographically by dominant negative flutter waves in
the inferior leads and a positive flutter deflection in lead V1
with transition to a negative deflection in lead V6 at rates of
250 to 350 bpm (Fig. 12). Clockwise isthmus-dependent flut-
ter shows the opposite pattern (ie, positive flutter waves in
the inferior leads and wide, negative flutter wavesin lead V1
(357), transitioning to positive waves in lead V6) (Fig. 13).
Patients may at times show unusual ECG patterns,; hence,
confirmation of isthmus involvement can only be made by
entrainment pacing of the CTI during electrophysiological
studies (358).

b. Other CTI-Dependent Flutter Circuits

| sthmus-dependent flutter may also occur as double-wave or
lower-loop re-entry. Double-wave re-entry is defined as a
circuit in which two flutter waves simultaneously occupy the
usual flutter pathway (359). Thisarrhythmiaistransient, usu-
aly terminating within three to six complexes but may, on
rare occasions, deteriorate into AF (359). Lower-loop re-
entry is defined as a flutter circuit in which the re-entry
wavefront circulates around the inferior vena cava due to
conduction across the cristaterminalis (360-362). The result-
ant circuit may produce unusua surface ECG patterns, but
these arrhythmias are still dependent on CTI conduction and,
hence, are amenable to ablation of the isthmus.

c. Pathophysiology and Treatment Rationale

Cavotricuspid isthmus-dependent flutter is caused by a
macro-re-entrant right atrial circuit around the tricuspid
annulus. This circuit contains a propagating wavefront and
an excitable gap. The crista terminalis or sinus venosa (ie,
area between superior and inferior cava) is thought to be the
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functional posterior barrier, whereas the tricuspid annulus
forms the anterior barrier (363). Bursts of rapid transitional
atrial rhythms or AF alow for formation of functional con-
duction block along the crista terminalis (or sinus venosa),
encouraging impulses to circulate parallel to the tricuspid
ring (364). General mechanisms discussed previously (see
Section |11) apply to flutter circuits. For example, class la
drugs have been shown to decrease conduction velocity and
prolong refractoriness in the flutter circuit; overall, these
drugs tend to shorten the excitable gap (52,53). Class Ic
drugs depress conduction and can slow flutter (52). In con-
trast, class 111 drugs (ie, ibutilide, dofetilide, and amiodarone)
prolong refractoriness and may terminate flutter because the
circulating wavefront encounters tissue that is refractory
(53,365). Rapid, atrial overdrive pacing can terminate the
arrhythmia when capturing stimuli penetrate the circuit early
enough to produce block in both directions (ie, antidromic
and orthodromic) in the circuit (366). In addition, the effica-
cy of pacing can be enhanced by antiarrhythmic drug thera-
py that facilitates penetration of the circuit by pacing impuls-
es. Direct current cardioversion is a very effective mode of
therapy because of rapid homogeneous depolarization of the
entire atrium. The practical implications of these findings are
discussed in the appropriate therapy sections.

d. Clinical Presentation

Patients with atrial flutter commonly present with acute
symptoms of palpitations, dyspnea, fatigue, or chest pain. In
contrast, this arrhythmia may also present with more insidi-
ous symptoms or conditions, such as exercise-induced
fatigue, worsening heart failure, or pulmonary disease.
Atria flutter occursin approximately 25 to 35% of patients
with AF (367) and may be associated with more intense
symptoms owing to more rapid ventricular rates. In most
instances, patients with atrial flutter present with a two-to-
one AV-conduction pattern. The flutter rate is approximately
300 per minute with a ventricular response of 150 bpm.
(Flutter with varying AV block can result in agrossly irregu-
lar rhythm.) In exceptional circumstances, one-to-one AV
conduction may occur in patients during exercise or in those
with rapid AV-nodal conduction and may be associated with
life-threatening symptoms. Class Ic drugs may, by slowing
the atrial rate, aso cause one-to-one AV conduction and
should, therefore, be combined with AV-nodal—blocking
agents. Patients with accessory AV pathways capable of rapid
conduction also present with rapid ventricular rate and life-
threatening symptoms (368). Patients with impaired cardiac
function, in whom the coordinated contribution of atria
function and regular rate are hemodynamically important,
can experience hemodynamic deterioration with the devel op-
ment of atrial flutter even if the ventricular rate is not exces-
sively rapid. Atrid flutter, if untreated and accompanied by
an excessive ventricular rate, may also by itself promote car-
diomyopathy. Hemodynamic deterioration due to atrial flut-
ter is a problem late after repair of congenital heart disease,
particularly after Senning or Fontan operations (369-374). In
these patients, flutter is associated with a worse hemody-
namic profile and is a marker for worse prognosis (375).
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e. Acute Treatment

Acute therapy for patients with atrial flutter depends on clin-
ical presentation. If the patient presents with acute hemody-
namic collapse or CHF, then emergent DC-synchronized
shock isindicated (Fig. 14). Atria flutter can most often be
successfully reverted to sinus rhythm with energies less than
50 joules using monophasic shocks and with less energy
using biphasic shocks. In most instances, patients present
with two-to-one or higher grades of AV block and are hemo-
dynamically stable. In this situation, the clinician may elect
to use AV-nodal—-blocking drugs for rate control. Adequate
rate control, albeit commonly difficult to achieve, is espe-
cialy important if conversion to sinus rhythm is deferred.
Atrial overdrive pacing, either through the transesophagea
route or with atrial electrodes, if present, should be consid-
ered as an option for conversion to sinus rhythm. For those
with atria flutter of more than 48 hours in duration, antico-
agulant therapy is deemed important prior to any mode of
cardioversion (see below). Moreover, if acute chemical car-
dioversion is planned, then rate control is desirable because
antiarrhythmic drugs, such as class Ic agents, may slow the
flutter rate and cause a paradoxical increase in the ventricu-
lar response owing to decreased concealed conduction into
the AV node.

In approximately 60% of patients, atrial flutter occurs as
part of an acute disease process, such as exacerbation of pul-
monary disease, postoperative cardiac or pulmonary surgery,
or during acute myocardial infarction. If the patient survives
the underlying disease process, then chronic therapy for the
arrhythmia is usualy not required after sinus rhythm is
restored. In summary, acute treatment of atrial flutter might
include the initial use of electrical pacing, DC or chemical
cardioversion, or AV-nodal—blocking agents. The anticipated
effects of these modalities are detailed below.

ATRIOVENTRICULAR-NODAL—BLOCKING AGENTS. Available
randomized, controlled trials of AV-nodal—blocking agents
include patients with AF and atrial flutter. It is often difficult
toisolatethe datafor atrial flutter patients alone, and the gen-
eral impression isthat rate control may be especially difficult
to achieve in patients with atrial flutter.

Two randomized, placebo-controlled, double-blinded trials
assessed use of IV diltiazem for rate control in patients with
AF or atria flutter (376,377). Both studies showed rapid
reductions in heart rate, but this drug was less effective for
rate control in patients with atrial flutter compared with AF.
Hypotension was the chief adverse effect for the group as a
whole, occurring in approximately 10% of patients. A
prospective, randomized, open-labeled trial compared IV dil-
tiazem with IV digoxin (378) for rate control. Rate control
was usually achieved within 30 minutes with IV diltiazem
compared to more than 4 hours with IV digoxin.

Intravenous verapamil is also efficacious in slowing the
ventricular rate (91,379). One prospective, randomized, dou-
ble-blinded, crossover trial compared the safety and efficacy
of IV diltiazem and IV verapamil for patients with either AF
(7 patients) or atria flutter (10 patients) and decreased gjec-
tion fraction (380). In thisrelatively small sample, both drugs
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Figure 14. Management of atrial flutter depending on hemodynamic stability. Attempts to electively revert atrial flutter to sinus rhythm
should be preceded and followed by anticoagulant precautions, as per AF. AF indicates atrial fibrillation; AV, atrioventricular; CHF,
congestive heart failure; DC, direct current; Ml, myocardial infarction.

had comparable efficacy in terms of rate control and effect on
systolic function. However, the incidence of symptomatic
hypotension was significantly higher for those initially ran-
domized to IV verapamil.

Although IV verapamil appears to be as effective as IV dil-
tiazem for rate control, small observational studies suggest
that 1V verapamil may be more likely to adversely affect sys-
tolic function or blood pressure (380,381).

The decrease in heart rate achieved with calcium-channel
blockers is similar to that observed for 1V beta blockers
(379). A randomized, open-labeled study comparing 1V
digoxin to IV amiodarone showed the superiority of 1V
amiodarone for more rapid achievement of rate control (382).
However, IV amiodarone appears to be less effective than IV
calcium-channel or beta blockers because adequate rate con-
trol (ie, fewer than100 bpm) was not achieved for 6 hours. In
addition, 1V calcium-channel blockers, beta blockers, or
amiodarone are seldom associated with conversion of atrial
flutter to sinus rhythm.

AcUTE INTRAVENOUS DRUGS FOR PHARMACOLOGIC
ConvERSION. A number of drugs have been shown to be
effective in conversion of atria flutter to sinus rhythm.

INTRAVENOUS IBUTILIDE. Placebo-controlled 1V ibutilide trials
show an efficacy rate of 38 to 76% for conversion of atria
flutter to sinus rhythm (383,384). In these studies, conversion
rates of atrial flutter were not related to duration of the
arrhythmia. For patients who responded to ibutilide, the
mean time to conversion was 30 minutes. The incidence of

sustained polymorphic VT for the group as a whole was 1.2
to 1.7%,; for nonsustained VT (not requiring DC cardiover-
sion), the incidence was 1.8 to 6.7% (383,384). Randomized,
double-blinded studies comparing IV ibutilide and 1V pro-
cainamide are available (385,386). In the largest study avail-
able (385), the efficacy of IV ibutilide was significantly
greater than that of 1V procainamide for patients with atrial
flutter-13 out of 17 patients (76%) versus 3 out of 22 (14%).
One patient treated with ibutilide developed polymorphic
VT, while 7 of those treated with procainamide developed
hypotension. Intravenous ibutilide should not be taken by
patients with severe structura cardiac diseases or prolonged
QT interval, or in those with underlying sinus node disease.

INTRAVENOUS CLAss IC Drucs. Severa single-blinded, ran-
domized, controlled trials comparing IV flecainide with
either IV propafenone or 1V verapamil have shown relative-
ly poor efficacy for acute conversion (387,388). In one study
(388), only 13% of patients converted after 1V flecainide
administration; 40% responded to propafenone (not statisti-
caly significant); and only 5% reverted with verapamil.
Similar results were found in one additional randomized
study comparing IV flecainide with propafenone (387).
Adverse effects included QRS widening, dizziness, and
paresthesias.

INTRAVENOUS SoTALOL. A randomized trial of 1V sotalol versus
placebo for patients with SVT included only a limited num-
ber of patients with atrial flutter (389). The conversion rate
varied from 20 to 40% depending on the sotalol dose but was
not different from placebo. Adverse effects included
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hypotension and dyspnea. A large double-blinded, random-
ized trial involving 308 patients compared |V sotalol with IV
ibutilide for conversion of patients with AF or atrial flutter to
sinus rhythm (390). High-dose (2 mg) ibutilide was more
effective than sotalol (1.5 mg/kg) in conversion of patients
with atrial flutter (70 vs. 19%) to sinus rhythm.

A review of the existing literature for 1V antiarrhythmic
drugs taken by patients with atrial flutter suggests that
dofetilide or ibutilide are more effective than sotalol or class
| agents but are associated with a significant incidence of tor-
sades de pointes (1.5 to 3%). Controlled trials have demon-
strated the greater efficacy of IV class Il agents (eg,
dofetilide, ibutilide) compared to IV amiodarone or class la
(eg, procainamide) or class Ic agents (eg, flecainide,
propafenone) (95). Neither 1V AV-nodal—blocking agents nor
amiodarone appears to be effective for arrhythmia conver-
sion, but they may be effective in rate control.

AcuTE NONPHARMACOLOGIC THERAPY. EXTERNAL DIRECT
CURRENT CARDIOVERSION. The success rate for external DC
cardioversion for patients with flutter is between 95 and
100% (391). Conversion can commonly be achieved with
relatively small amounts of energy (ie, 5 to 50 joules), espe-
cially when biphasic wave forms are used, but higher-energy
initial shocks are warranted for emergent cardioversion of
patients with hemodynamic embarrassment. Direct current
cardioversion is the procedure of choice when rapid termina
tion of flutter is required.

ATRIAL OVERDRIVE PACING. The use and efficacy of rapid atri-
a pacing to terminate atrial flutter has been long established
(366,392-394), and a comprehensive review showed a cumu-
lative success rate of 82% (range 55 to 100%) (395).
Overdrive pacing is particularly useful in atrial flutter after
cardiac surgery, as these patients frequently have epicardia
atrial pacing wires. A number of studies have demonstrated
the efficacy of transesophageal pacing (396-400). In addi-
tion, it has been clearly shown that use of antiarrhythmic
drugs, including procainamide (398), ibutilide (401), and
propafenone (399,402), may facilitate conversion of atria
flutter by pacing because they facilitate impulse penetration
of the flutter circuit and reduce the risk of provoking AF
(396). Moreover, high-frequency atrial pacing (403) or over-
drive pacing with atrial extrastimuli (404) have been shown
to be effective in cases in which atrial overdrive alone is not
effective, an option available in most modern pacemaker
technologies. It isimportant to recognize that atrial overdrive
pacing may result in the induction of sustained AF. In addi-
tion, periods of AF may precede conversion to sinus rhythm.

f. Chronic Pharmacologic Treatment

CLass | Druas. It is difficult to evaluate long-term antiar-
rhythmic therapy for patients with atrial flutter because most
studies combine patients with AF and atria flutter without
specifying the results for each arrhythmia. Review of the fle-
cainide database showed the long-term efficacy of this drug
to be 50% for patients with atrial flutter, but results were
available for only 36 patients (95). Randomized, prospective
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long-term trials comparing flecainide and quinidine are
available (405) for patients with AF or atrial flutter. No men-
tion is made of patients with atrial flutter as a distinct group,
but the incidence of adverse side effects for the group as a
wholewas significantly higher with quinidine compared with
flecainide. Beta blockers or calcium-channel blockers should
always be used in conjunction with class Ic agents for treat-
ment of patients with atria flutter because the class Ic drugs
may slow the flutter rate and encourage one-to-one AV con-
duction.

CLass Il Drucs. The efficacy of oral dofetilide has been
assessed in several randomized, placebo-controlled trials
(406,407). At the highest dose of dofetilide tested (500 mcg
twice per day), maintenance of sinus rhythm more than or
equal to 350 days occurred in 73% of patientswith atrial flut-
ter compared to 40% of patients with AF. Contraindications
for dofetilide include a creatinine clearance less than 20,
hypokalemia, hypomagnesemia, and prolonged QT at base-
line. Other randomized dose-titration studies have been
reported (408) (ie, sotalol), but, unfortunately, results for the
atrial flutter patients are not distinguished from those with
AF.

g. Role of Anticoagulant Therapy for Patients With
Atrial Flutter

The role of anticoagulant therapy for patients with AF is
determined on the basis of a number of prospective, random-
ized trials. Such trials are not available for patients with atri-
a flutter. It was initially thought, on the basis of observa-
tional studies, that the risk of embolization during cardiover-
sion for atrial flutter was negligible (409-411). However,
observational studies have shown a significant risk of
embolization for these patients, ranging from 1.7 to 7% (412-
415).

In addition, a number of studies (416-418) have shown that
theincidence of atrial echo-dense material or clot variesfrom
0 to 34% in nonanticoagul ated patients with atrial flutter. The
incidence of echo-dense material or clot increases with atrial
flutter duration longer than or equal to 48 hours. Another
area of concern isthe finding of atrial stunning after conver-
sion of atrial flutter, which appears to persist for severd
weeks (419,420). In severa studies, risk factors for devel op-
ment of embolic events were similar to those described for
AF (413,415).

In a collective review of the risk of embolization after DC
cardioversion for atrial flutter, the risk of embolism for inad-
equately anticoagulated patients was 2.2% and was signifi-
cantly lower than that reported for patients with AF (5 to 7%)
(413-415). Although randomized, controlled trials of throm-
boembolic prophylaxisfor atrial flutter are not available, itis
our consensus that the guidelines for anticoagulation for
patients with AF should be extended to those with atrial flut-
ter (359,421). Cardioversion-electrical, chemical, or by abla-
tion-should thus be considered only if the patient is antico-
agulated (international normalized ratio [INR] equals 2 to 3),
the arrhythmia is less than 48 hours in duration, or trans-
esophageal echocardiography (TEE) shows no atria clots.
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Negative TEE should be followed by anticoagulation, as by
itself it is not protective against thromboembolism.

h. Catheter Ablation of the Cavotricuspid Isthmus for
| sthmus-Dependent Flutter

A technique for placing lesions between the tricuspid annu-
lus and the inferior vena cavato block the atrial flutter circuit
and cure patients with atria flutter is available (422,423).
Initially, success was deemed present when ablation simply
terminated the arrhythmia, but stopping energy delivery after
initial flutter termination was subsequently found to be asso-
ciated with high incidence of atria flutter recurrence (367).
Using more stringent criteria to prove the existence of bidi-
rectional conduction block in the CTI resultsin better chron-
ic success rates (90 to 100%) (424-426). One prospective,
randomized study compared chronic ora antiarrhythmic
therapy (in 61 patients with atrial flutter) to RF ablation
(427). After a mean follow-up of 21 plus or minus 11
months, only 36% of patients treated with drugs compared to
80% of those treated with catheter ablation remained in sinus
rhythm. In addition, 63% of patients in the drug-treatment
group required one or more hospitalizations, compared to
22% for those treated with ablation. Quality of life was sig-
nificantly improved in those treated with ablation.

A number of studies have documented that patients with
AF who are treated with propafenone, flecainide, or amio-
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darone have a 15 to 20% risk of developing atria flutter
(428-430). Prospective trials have shown that, if atrial flutter
becomes the dominant rhythm, then ablation of the CTI and
continued use of the antiarrhythmic drug result in decreased
incidence of atria flutter and facilitate the pharmacologic
management of AF (431,432). Theincidence of AF after suc-
cessful ablation of the CTI flutter circuit varies, depending
on the presence of AF before ablation. For patients with a
history of only atria flutter, the occurrence of AF over afol-
low-up of 18 plus or minus 14 months was only 8%. In con-
trast, for those with a history (follow-up of 20 plus or minus
14 months) of both AF and predominant atria flutter, the
recurrent rate of AF was 38%; whereas AF recurred in 86%
of those in whom AF predominated prior to ablation. It
appears that the best results of catheter ablation are achieved
in patients who have sole or predominant atrial flutter. It is
conceivable that chronic atria flutter resultsin remodeling of
the atrial function and structure that predisposes to AF.

i. Treatment of Atrial Flutter in Special Circumstances

Atrial arrhythmias are commonly observed after cardiac sur-
gery. Atria fibrillation is the most common arrhythmia,
occurring in 20 to 50% of patients depending on the nature
of the surgery (ie, higher incidence with mitral valve surgery)
(433). Likewise, atrial flutter also occurs after cardiac sur-
gery. Pathogenetic factors that may be involved in devel op-

Clinical Statug/ Level of
Proposed Therapy Recommendation* Class Evidence References
Poorly tolerated
eConversion DC cardioversion | C
eRate control Beta blockers lla C
Verapamil, diltiazem lla C
Digitalist b C
Amiodarone b C
Stable flutter
eConversion Atrial or transesophageal pacing | A (396-400)
DC cardioversion | C (391)
Ibutilidet lla A (383,384)
Flecainide§ lb A (387,388)
Propafenones§ lb A (387,388)
Sotalol lb C (389,390)
Procainamide§ b A (385)
Amiodarone Ib C (95,382)
eRate control Diltiazem, verapamil | A (91,377-379)
Beta blockers | C (379)
Digitalist b C (378)
Amiodarone Ib C (382

The order in which treatment recommendations appear in this table within each class of recommendation does not necessarily reflect a preferred sequence of administration. Please
refer to text for details. For pertinent drug dosing information, please refer to the ACC/AHA/ESC Guidelines on the Management of Patients With Atrial Fibrillation.

Cardioversion should be considered only if the patient is anticoagulated (INR equals 2 to 3), the arrhythmia s less than 48 hours in duration, or the TEE shows no atrial clots.

*All listed drugs are taken intravenously.
TDigitalis may be especialy useful for rate control in patients with heart failure.
Flbutilide should not be used in patients with reduced LV function.

§Flecainide, propafenone, and procainamide should not be used unless they are combined with an AV-nodal—blocking agent.

AV indicates atrioventricular; DC, direct current; INR, international normalized ratio; LV, left ventricular; TEE, transesophageal echocardiography.
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ment of postoperative flutter include pericarditis, achangein
autonomic tone, or atrial ischemia (433,434). Because atria
electrodes are usually |eft in place after cardiac surgery, atri-
a overdrive pacing for conversion to sinus rhythm is often a
useful therapeutic technigque to restore sinus rhythm. If this
approach fails, then a number of antiarrhythmic drugs have
been utilized, and anumber of prospective, randomized, con-
trolled trials have been published using a variety of agents
(435-439). Unfortunately, in these studies, patients with atri-
al flutter are not distinguished from those with AF. One ran-
domized, placebo-controlled, drug-titration trial used 1V ibu-
tilide for 101 postoperative patients with atrial flutter (440).
The conversion ratefor atrial flutter was 78% (44% for those
with AF) and usually occurred within 90 minutes of the infu-
sion. Polymorphic VT was observed in 1.8% of the patients
and typically occurred within several minutes of the ibutilide
infusion. Intravenous dofetilide has also been reported to be
effective for patients with postoperative AF or atria flutter
(441).

Atria flutter may occur in patients with avariety of comor-
bid conditions. These include chronic lung disease, acute
pneumonia, after pulmonary surgery, or as a complication of
acute myocardia infarction. Rate control may be achieved
with either AV-nodal blockers or IV amiodarone (442). If the
arrhythmia is associated with severe CHF or hypotension,
then urgent DC cardioversion is appropriate.

Recommendations for Long-Term Management of Atrial Flutter
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2. Non—Cavotricuspid I sthmus-Dependent Atrial
Flutter

Atrial flutter caused by macro—re-entry circuits that do not
use the CTI are less common than CTI-dependent atrial flut-
ter. Most are related to an atrial scar that creates conduction
block and a central obstacle for re-entry. Prior cardiac sur-
gery involving the atrium, such as repair of congenital heart
disease, mitral valve surgery, or the atrial maze procedure, is
acommon cause. The resulting arrhythmias are referred to as
“lesion-related macro—re-entrant ATS’ (186,294,443-447).
Atriadl mapping often reveals extensive low-voltage areas
involving portions of the atrium distant from the location of
the incision, possibly indicating extensive atrial injury or
infarction (444). In patients who have not had prior cardiac
surgery, abnormal areas with low-amplitude electrical activi-
ty are often present, afinding consistent with the presence of
scar tissue of unclear cause (448).

Although CTI-dependent flutter is the most common
underlying mechanism in these circumstances, it often coex-
ists with incisional macro-re-entrant ATs, resulting in multi-
ple re-entry circuits. Simultaneous circulation of wavefronts
through two loops of two potential circuits can create com-
plex, figure-of-eight types of re-entry (443,449).

The appearance of the flutter waves on ECG usually differs
from CTI-dependent flutter but can resemble typical patterns
(see Figs. 12 and 13) (294). In some cases, discrete P waves
are difficult to identify, possibly because of extensive atrial

Clinical Status/ Level of
Proposed Therapy Recommendation Class Evidence References
First episode and well-tolerated Cardioversion alone | B (391)
atrial flutter Catheter ablation* lla B (427)
Recurrent and well-tolerated Catheter ablation* | B (424-426)
atrial flutter Dofetilide lla C (406,407)

Amiodarone, sotalol, flecainide, T+ b C (95,405,408)

quinidine, T3 propafenone, 11
procainamide, T+ disopyramidett

Poorly tolerated atrial flutter Catheter ablation* | B (424-426)
Atrial flutter appearing after use Catheter ablation* | B (431,432)
of class | c agents or amiodarone Stop current drug and lla Cc
for treatment of AF use another
Symptomatic non—CTI-dependent Catheter ablation* lla B (450-452)

flutter after failed antiarrhythmic
drug therapy

The order in which treatment recommendations appear in this table within each class of recommendation does not necessarily reflect a preferred sequence of administration. Please

refer to text for details. For pertinent drug dosing information, please refer to the ACC/AHA/ESC Guidelines on the Management of Patients With Atrial Fibrillation.

*Catheter ablation of the AV junction and insertion of a pacemaker should be considered if catheter ablative cure is not possible and the patient fails drug therapy.

1These drugs should not be taken by patients with significant structural cardiac disease. Use of anticoagulants isidentical to that described for patients with AF (459).

}Flecainide, propafenone, procainamide, quinidine, and disopyramide should not be used unless they are combined with an AV-nodal—blocking agent.

AF indicates atrial fibrillation; AV, atrioventricular; CTI, cavotricuspid isthmus.
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scar. Definitive diagnosis requires intracardiac mapping.
These arrhythmias are often recognized when CTI-depend-
ent atrial flutter is anticipated but catheter mapping demon-
strates a non—CT |-dependent mechanism.

a. Catheter Ablation and Mapping of
Non—Cavotricuspid | sthmus-Dependent Flutter

Ablation of non—-CTI-dependent flutter can be substantially
more difficult than for CTI-dependent flutter. When thistype
of atria flutter is suspected, such as in patients with con-
genital heart disease who have had surgery, referral to an
experienced center should be considered. Cavotricuspid isth-
mus-dependent flutter is common in patients with prior atri-
al surgery, and both CTI- and non—CTI-dependent
macro—re-entry circuits often coexist in a single patient
(443,450-454). When multiple potential re-entry circuits are
present, the rhythm may switch back and forth among dif-
ferent circuits, complicating attempts to identify an appro-
priate target for ablation. The presence of non—CTI-depend-
ent flutter may not be clear until ablation in the CTI fails to
abolish atrial flutter.

Successful ablation is dependent on identifying a critical
portion of the re-entry circuit where it can be interrupted
with either one or a line of RF applications. Mapping and
ablation are facilitated by the use of specialized systems that
allow creation of three-dimensional reconstructions of the
atria with plots of the atrial activation sequence in tachycar-
dia and the location of regions of scar or conduction block.
For patients who have had prior surgery, the surgical opera-
tive report is often helpful in suggesting the location of pos-
sible re-entry circuits around atrial incisions.

Surgical incisions in the right atrium for repair of atrial
septal defects (ASDs) are probably the most common cause
of lesion-related re-entry in adults (294,443,444,447,448,
450-456). The incision is often placed in the lateral right
atrium; the re-entry wavefront circulates around the incision.
A line of ablation lesions extending from the inferior margin
of the scar to the inferior vena cava, or from the superior
margin of the scar to the SVC, can interrupt the circuit, but
it can also be difficult to complete. Some tachycardias use a
narrow channel of conduction between regions of dense scar
in the lateral right atrium that can be targeted for ablation.

In six series including 134 patients (predominantly young
adults with various types of surgically corrected congenital
heart disease), ablation abolished arrhythmia recurrences in
50 to 88% of patients during average follow-up periods of up
to 2 years (444,446,450-452). Complications of diaphrag-
matic paralysis caused by phrenic nerve injury and throm-
boembolism after conversion from atrial flutter have
occurred.

Macro—re-entry circuits occur in the left atrium but are
much less common than right atrial circuits (294,454,
457,458). Ablation can be effective, but the number of
patients studied is small and the efficacy and adverse effects
of ablation are not yet well defined (457).
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VI. SPECIAL CIRCUMSTANCES
A. Pregnancy

Premature atrial beats are observed in approximately 50% of
patients during pregnancy, but they are generally benign and
well tolerated (460). Although sustained arrhythmias are rel-
atively rare (2 to 3 per 1000), in those who have supraven-
tricular arrhythmias, symptomatic exacerbation of paroxys-
mal SVT occurs during pregnancy in approximately 20%
(461). Moreover, because the number of patients who have
congenital heart diseases and are reaching reproductive age
isincreasing, more patients with SVT are to be anticipated.
The major concern during treatment of SV T during pregnan-
cy isthe potential for adverse effects on the fetus, as all com-
monly used antiarrhythmic drugs cross the placental barrier
to some extent. Although the first 8 weeks after conceptionis
the period associated with the greatest teratogenic risk, other
adverse effects may occur with drug exposure later in preg-
nancy. The major concern with taking antiarrhythmic drugs
during the second and third trimesters is the adverse effect on
fetal growth and development as well as the risk of proar-
rhythmia. Severa of the physiological changes that occur
during pregnancy, such asincreased cardiac output and blood
volume, decreased serum protein concentration, alterations
in gastric secretion and motility, and hormonal stimulation of
liver enzymes, can affect absorption, bioavailability, and
elimination of many drugs. More careful monitoring of the
patient and dose adjustments are, therefore, necessary
because the above-mentioned changes vary in magnitude
during different stages of pregnancy (462).

As with many other drugs used in pregnancy, use of certain
antiarrhythmic agents has crept into common practice
because of an absence of reported ill effects, rather than as a
result of controlled studies. All antiarrhythmic drugs should
be regarded as potentially toxic to the fetus and should be
avoided if possible, especially during the first trimester. The
U.S. Food and Drug Administration (FDA) drug classifica-
tion is outlined in Table 4. All currently available antiar-
rhythmic drugs that are used for SVT are categorized as class
C drugs, except for sotalol (aclass B agent) and for atenolol
and amiodarone (class D agents).

In patients with mild symptoms and structurally normal
hearts, no treatment other than reassurance should be provid-
ed. Antiarrhythmic drug therapy should be used only if
symptoms are intolerable or if the tachycardia causes hemo-
dynamic compromise.

Catheter ablation should be recommended in women with
symptomatic tachyarrhythmias before they contemplate
pregnancy. Because of the potential problem of recurring
tachyarrhythmias during pregnancy, the policy of withdraw-
ing antiarrhythmic drugs and resuming them later can be rec-
ommended only as an alternative in selected cases. A large-
scale clinical experience with catheter ablation procedures
performed during pregnancy will never be reported, although
fetal radiation dose and risk from the procedures have been
calculated (463). Catheter ablation is the procedure of choice
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Table 4. Definitions of U.S. FDA Classification (Usein
Pregnancy Setting

FDA
Classification

Definition
Controlled studies show no risk. Adequate
well-controlled studies in pregnant

women have failed to demonstrate risk to
the fetus.

Category A

No evidence of risk in humans. Either ani-
mal studies show risk, but human studies
do not, or, if no adequate human studies
have been done, animal findings are nega-
tive.

Category B

Risk cannot be ruled out. Human studies
are lacking, and animal studies are either
positive for fetal risk or are lacking as
well. However, potential benefits may jus-
tify the potential risk

Category C

Category D Positive evidence of risk. Investigational
or postmarketing data show risk to the
fetus. Nevertheless, potential benefits of
the drug may be acceptable when they

outweigh the potential risk.

Category X Contraindicated in pregnancy. Studiesin
animals or humans, or investigational or
postmarketing report, have shown fetal

risk that clearly outweighs any possible

benefits to the patients.

FDA indicates Food and Drug Administration.
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for drug refractory, poorly tolerated SVT. If needed, it should
be performed in the second trimester.

1. Acute Conversion of Atrioventricular
Node-Dependent Tachycar dias

Intravenous adenosine is the drug of choice if vagal maneu-
versfail to terminate an episode of PSVT. This drug has been
used safely in pregnant women, although most of the reports
of adenosine administration were in the second and third
trimesters (462,464).

If adenosine fails, then IV propranolol or metoprolol are
recommended. Intravenous administration of verapamil may
be associated with a greater risk of maternal hypotension and
subsequent fetal hypoperfusion.

Available data suggest that DC cardioversion is safe in al
phases of pregnancy and can be used when necessary (465).

2. Prophylactic Antiarrhythmic Drug Therapy

If prophylactic drug therapy is needed, then digoxin or a
beta-blocking agent (ie, propranolol or metoprolol) is the
first-line agent. The experience with digoxin is extensive,
and it is considered one of the safest antiarrhythmic drugsto
take during pregnancy (462); however, its efficacy for
arrhythmia treatment or prophylaxis has never been demon-
strated. Propranolol and metoprolol are generally considered
to be safe but are best avoided in the first trimester. Rare
cases of adverse effects on the fetus, including bradycardia,
hypoglycemia, premature labor, and metabolic abnormali-
ties, have been reported but may be secondary to fetal dis-

Recommendations for Treatment Strategies for Supraventricular Tachycardia During Pregnancy

Level of

Treatment Strategy Recommendation Classification Evidence
Acute conversion of PSVT Vaga maneuver I C
Adenosine I C
DC cardioversion I C
Metoprolol, propranolol lla C
Verapamil I1b C
Prophylactic ther apy Digoxin I C
Metoprolol* I B
Propranolol* lla B
Sotalol,* flecainidet lla C
Procainamide I1b B
Quinidine, propafenone, T verapamil I1b C
Catheter ablation I1b C
Atenololt Il B
Amiodarone Il C

The order in which treatment recommendations appear in this table within each class of recommendation does not necessarily reflect a preferred sequence of administration. Please
refer to text for details. For pertinent drug dosing information, please refer to the ACC/AHA/ESC Guidelines on the Management of Patients With Atrial Fibrillation.

*Beta-blocking agents should not be taken in the first trimester, if possible.

‘tConsider AV-nodal—blocking agents in conjunction with flecainide and propafenone for certain tachycardias (see Section V).

FAtenolol is categorized in class C (drug classification for use during pregnancy) by legal authorities in some European countries.

AV indicates atrioventricular; DC, direct current; PSVT, paroxysmal supraventricular tachycardia.
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tressin high-risk pregnancies. Prospective, randomized stud-
ies have failed to demonstrate a higher incidence of these
complications with beta-blocking agents as compared to
placebo (466,467). The potential for intrauterine growth
retardation has been reported with propranolol and has raised
concerns, especially when it is taken in the first trimester
(462). Later studies reported growth retardation in babies
receiving atenolol in the first trimester and a higher preva-
lence of preterm delivery (468,469). Atenolol is, therefore,
classified as a category D agent by the FDA. In view of these
results, beta blockers should be avoided during the first
trimester, if possible. Beta blockers with selective B, proper-
ties are theoretically preferable because they may interfere
less with peripheral vasodilatation and uterine relaxation.

If the above-mentioned drugs fail, then sotalol may be con-
sidered. Although sotalol has been used successfully during
pregnancy for other indications, the experienceis limited; so,
caution is still advised (470). The reported experience with
flecainide is also limited, but it appears to be relatively safe
during pregnancy (471). The experience with propafenone is
even more limited, athough no adverse effects to the fetus
have been reported when it is taken during the third trimester
(472). Quinidine is considered to be relatively well tolerated,
although isolated cases of adverse effects, such as feta
thrombocytopenia and eighth-nerve toxicity, have been
reported (462). Procainamide is considered to be well toler-
ated and appears to be relatively safe for short-term therapy
(473). The use of amiodarone, a category D agent, in preg-
nancy should be restricted to arrhythmias that are resistant to
other drugs or are life threatening (474).

It should be emphasized that these recommendations rely
mainly on observational data; the cited references are, there-
fore, not all inclusive.

B. Supraventricular Tachycardiasin Adult Patients
With Congenital Heart Disease

1. Introduction

An increasing number of patients with congenital heart dis-
ease are surviving to adulthood. Supraventricular arrhyth-
mias are an important cause of morbidity and, in some of
these patients, mortality. In patients who have not had oper-
ative repair of their malformation, AF and atrial flutter are
the most common arrhythmias. Increased atria filling pres-
sures may contribute to the cause of AF or atria flutter.
Surgical repairs that place incisions in the atria predispose to
incision-related atrial flutter late after surgery. There is cur-
rently interest in devising surgical procedures to avoid later
development of atrial flutter. In addition, some patients may
be candidates for percutaneous device closure of ASDs.
Many patients warrant referral to an experienced specialist.
The new development of atrial arrhythmias can be an indica-
tion of deteriorating hemodynamic function, which in some
cases warrants specific investigation and occasionally opera-
tive treatment. An SVT itself dramatically impairs hemody-
namic performance in some patients. Coexistent sinus node
dysfunction is common after surgical repair of many of these
conditions and can be further aggravated by antiarrhythmic
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therapy, requiring pacemaker implantation to allow manage-
ment of the supraventricular arrhythmia. Cardiac malforma
tions often increase the difficulty of pacemaker implantation
and catheter ablation procedures. The presence of intracar-
diac shunts creates a risk of systemic embolism from clots
that may form on pacing leads even though they are in the
right-sided (ie, systemic venous) cardiac chambers.

2. Specific Disorders
a. Atrial Septal Defect

Atria fibrillation or atrial flutter occurs in approximately
20% of adults who have an unrepaired ASD (475,476). Atrid
fibrillation, rather than atrial flutter, predominates in the
majority; incidence increases with patient age. Surgical or
percutaneous closure of ASDs associated with pulmonary
blood flow/systemic blood flow (Qp/Qs) greater than 1.5 and
or symptoms before the age of 40 years may reduce atrial
arrhythmias but has little effect after the age of 40 years
(475-477).

Gatzoulis and coworkers retrospectively reviewed 218
adults who had surgical closure of an isolated ASD (475).
Sustained atrial flutter or AF was present in 19% of patients
prior to surgery, 5% had atrial flutter, 2.8% had AF and flut-
ter, and 11% had AF. During a mean follow-up of 3.8 years,
60% of patients with preoperative AF or atria flutter contin-
ued to have arrhythmias, and new AF or atrial flutter devel-
oped in 2.3% of patients. All of the patients with persistent
arrhythmias and those who developed new atrial arrhythmias
were older than 40 years of age at the time of repair. None of
the 106 patients younger than 40 years of age at the time of
surgery had late atrial arrhythmias during this follow-up peri-
od (P = 0.008).

Attie and coworkers randomized 521 adults older than 40
years of age who had isolated secundum or sinus venosus
ASDs with a Qp/Qs greater than 1.7 and pulmonary artery
systolic pressure less than 70 mm Hg to surgical closure ver-
sus medical therapy (476). Prior to randomization, 21% of
patients had a history of AF or atrial flutter managed with
rate control and anticoagulation, and 5% had a history of
other types of SVT. During a median follow-up of 7.3 years,
new atria flutter or AF developed in 7.4% of patientsin the
surgical group and 8.7% of patients in the medical group.
Cerebral embolic events occurred in 2.1% of patients. The
risk was not different between the surgical and medically
treated patients.

Management of atrial flutter is the same as described in
Section V-F. In patients who have not had surgical repair,
atria flutter is likely to be dependent on conduction through
the CTI and susceptible to catheter ablation. If closure of the
ASD isnot warranted by hemodynamic criteria, then catheter
ablation of the atrial flutter is preferable to surgical closure
of the septal defect, which is unlikely to abolish the atrial
flutter. If closure of the septal defect iswarranted in a patient
with atrial flutter, then electrophysiological study with
catheter ablation prior to surgery may still be considered or
ablation of the atria flutter isthmus may be performed dur-
ing surgery in acenter with experience in arrhythmiasurgery.
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In patients with prior surgical repair, both CTI-dependent
and non—CTI-dependent (so-called “incisional” or scar) atri-
al flutter occur and can coexist in a single patient
(294,443,444,447,448,450,452-456,478). Management is as
discussed above. If catheter ablation is warranted, then the
possibility that the flutter will have a non-CTI-dependent
mechanism should be considered. Ablation may be best per-
formed in an experienced center with advanced, three-
dimensional mapping equipment for defining non—CTlI-
dependent arrhythmias.

b. Transposition of the Great Veessels

Patients surviving to adulthood have generally had restora-
tion of circulation by either an arterial switch procedure or
rerouting of venousreturn. Atria arrhythmias are uncommon
late after arterial switch procedures (373). The Mustard and
Senning repairs reroute systemic venous blood to the mor-
phologic LV that is connected to the pulmonary artery, and
they reroute the pulmonary venous blood to the morpholog-
ic right ventricle that is connected to the aorta. The atrial sur-
gery is extensive, and sinus node dysfunction is common
(369,479,480). Of 478 patients who survived the periopera
tive period after Mustard repair in a study reported by Gelatt
and coworkers, atrial flutter subsequently occurred in 14%,
and ectopic AT occurred in 1% (3 patients) (369). The actu-
arial rate of atrial flutter at 20 years after repair was 24%. An
even greater incidence of atrial arrhythmias was observed in
earlier series (481).

Loss of coordinated atrial activity and acceleration of rate
can produce severe symptoms and hemodynamic compro-
mise. Development of atrial arrhythmias is also associated
with impaired ventricular function (372,482). For these rea-
sons, development of atrial arrhythmias has been associated
with an increased risk of death and sudden death in some, but
not all, studies (369,480).

Acute management of rapid SVT isas discussed above (see
Sections IV and V). These arrhythmias tend to be recurrent,
and attempts to maintain sinus rhythm are usually warranted
due to the hemodynamic compromise produced by the
arrhythmia. Associated ventricular dysfunction and risk of
sudden death and sinus node dysfunction can complicate
selection of antiarrhythmic drug therapy. Referral to a spe-
cialist with experience in the care of these patientsis usually
warranted. Catheter ablation of the lesion related to the atri-
a flutter can be effective but is more difficult than for
patients without structural heart disease and should be
attempted only at experienced centers (478). In particular,
access to the pulmonary venous atrium is usually required for
ablation, which may be approached either in a retrograde or
atransseptal fashion.

c. Tetralogy of Fallot

Atria incisions are commonly made at the time of repair,
predisposing to the late development of incision-related atri-
a flutter (371,374,483,484). During 35 years of follow-up
after repair, 10% of patients developed atrial flutter, 11%
developed sustained VT, and 8% died suddenly (484).
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The sinus rhythm ECG shows RBBB in the vast magjority
of patients, such that SVTs are conducted with RBBB aber-
rancy. Ventricular tachycardia arises due to re-entry in the
region of the right ventricular outflow tract or infundibular
septum. Although most of these VTs have a QRS configura-
tion resembling LBBB, the VT QRS resembles RBBB in
approximately one-quarter of patients (485). An RBBB con-
figuration of the tachycardiais not, therefore, areliable guide
for distinguishing aVT from an SVT. Atrial flutter precipi-
tates hemodynamic compromise in some patients. Acute
management is dictated by hemodynamic stability (see
Section 1V-B). Establishment of the correct diagnosisis crit-
ical to guide further management. Electrophysiological test-
ing may be required, and referral to a specidist is advised.
Atrial flutter can be CTI dependent or incision related
(444,478). Development of atrial flutter can be an indication
of worsening ventricular function and tricuspid regurgitation
(351,371,484,486). Hemodynamic reassessment of the repair
and consideration for revision are sometimes warranted.
Chronic management is as discussed above.

d. Ebstein’s Anomaly of the Tricuspid Valve

In Ebstein’s anomaly, the attachment of the septal and inferi-
or leaflets of the tricuspid valve is displaced downward into
theright ventricle. Patent foramen ovale or ostium secundum
ASD are present in more than half of patients. Accessory AV
and atriofascicular pathways occur in up to 25% of patients
and are more often right sided and multiple than in patients
without the disorder (487-490). In addition to AVRT, AF,
atrial flutter, and ectopic AT can occur. Finaly, Ebstein's
anomaly is aso often present in patients with congenitally
corrected transposition of the great vessels (ie, ventricular
inversion), in which the left-sided (ie, systemic) AV valveis
morphologicaly atricuspid valve.

Right bundle-branch block is usually present and, in the
presence of aright-sided accessory pathway, ventricular pre-
excitation can mask the ECG evidence of RBBB. Thus,
patients may present with orthodromic AVRT with RBBB
aberrancy and, after termination of the arrhythmia, there may
be evidence of aright-sided accessory pathway causing pre-
excitation during sinus rhythm. Left bundle-branch block-
configuration tachycardias can be due to antidromic AVRT or
conduction over a bystander accessory pathway during, for
example, AT, AVRT, or atria flutter.

The malformation can be mild, producing no symptoms.
Alternatively, tricuspid regurgitation and a large ASD can
cause cyanosis and hemodynamic compromise that may be
exacerbated by arrhythmias. Depending on the severity of the
malformation and the arrhythmia, SVTs can produce
cyanosis and severe symptoms or death. Sudden death can
also occur as a consequence of rapid repetitive conduction to
the ventricles during AF or atrial flutter when an accessory
pathway is present (490).

When hemodynamic consequences of the malformation
warrant operative correction and supraventricular arrhyth-
mias are present, arrhythmia management should be coordi-
nated with the surgical team (491,492). Preoperative electro-
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Recommendations for Treatment of Supraventricular Tachycardiasin Adults With Congenital Heart Disease

Level of
Condition Recommendation Class Evidence References
Failed antiarrhythmic
drugs and symptomatic:
®Repaired ASD Catheter ablation in an | C (186,444,447,
experienced center 452,455,478)
eMustard or Senning repair of Catheter ablation in | C (447,452,
transposition of the great vessels: an experienced center 455,478)
Unrepaired asymptomatic Closure of the ASD for Il C (476,477)
ASD not hemodynamically treatment of the arrhythmia
significant
Unrepaired hemodynamically Closure of the ASD combined | C
significant ASD with atrial with ablation of the flutter isthmus
flutter*
PSVT and Ebstein’s anomaly with Surgical ablation of accessory | C (491,492)

hemodynamic indications
forsurgical repair

pathways at the time of operative
repair of the malformation at
an experienced center

*Conversion and antiarrhythmic drug therapy initial management as described for atrial flutter (see Section V).

ASD indicates atrial septal defect; PSVT, paroxysmal supraventricular tachycardia.

physiological evaluation is often warranted. Failure to
address potential accessory pathways can lead to recurrent
arrhythmias and instability in the perioperative period.
Catheter ablation prior to surgery is, therefore, recommend-
ed. Surgical division of accessory pathways may be consid-
ered as an option for selected patients in centers with experi-
ence.

In general, management of accessory pathwaysin Ebstein's
anomaly is as discussed in Section V-D. However, the asso-
ciated maformation and common coexistence of multiple
accessory pathways increase the difficulty of mapping and
ablation. Of 65 patients reported in the Pediatric Radio-
frequency Ablation Registry, acute success rates ranged from
75 to 89%, depending on pathway location (septal vs. free
wall); late recurrences occurred in up to 32% of patients
(493).

e. Fontan Repairs

The Fontan procedure and its modifications are used to direct
systemic venous blood into the pulmonary artery for patients
with single-ventricle physiology, including tricuspid atresia
or single LV with pulmonary stenosis. The venous return,
from the superior and inferior vena cava or right atrium, is
directed to the pulmonary circulation without the benefit of
assistance from right ventricular contraction. Incision-related
atria flutter or AF occurred in up to 57% of patients, depend-
ing on the particular type of repair (494,495). Atria arrhyth-
mias can cause rapid hemodynamic deterioration and are
associated with more heart failure. Acute management is as
discussed for atria flutter above. Referral to a specialist is
advised. Catheter ablation can be effective but is often diffi-
cult due to multiple circuits and should be attempted only at

experienced centers. In addition to the low success rate of
catheter ablation in the Fontan atriopulmonary connection,
there is a high rate of recurrence after initially successful
ablation procedures, limiting the usefulness of this approach
(478).

C. Drug-Drug and Drug-Metabolic | nteractions

The general tenets of the use of antiarrhythmic agents in
supraventricular arrhythmias have been extensively outlined
in the previously published ACC/AHA/ESC Guidelines for
the Management of Patients With Atrial Fibrillation (1). In
Tables 2 through 4 of these guidelines (1), the Vaughan-
Williams Classification scheme of antiarrhythmic drugs, typ-
ical doses of drugs used to maintain sinus rhythm, and types
of proarrhythmic side effects are summarized.

The vulnerable parameter (496) or target of therapy
depends on the type of arrhythmia and the goals of treatment
(ie, conversion of the arrhythmia, maintenance of sinus
rhythm, suppression of triggers, or ventricular rate control).

A major concern accompanying the use of antiarrhythmic
drugs, particularly when treating an arrhythmia that is not
life threatening, such as SVT, is the occurrence of ventricu-
lar proarrhythmia (eg, torsade de pointes). A number of clin-
ical factorsincrease therisk of proarrhythmia, including age,
gender, fluid and electrolyte abnormalities, the presence of
underlying heart disease, abnormalities of drug clearance,
polypharmacy and drug-drug interactions. Drug-induced
slowing of the rate of atrial flutter with the production of
one-to-one conduction to the ventricle represents a potential -
ly life-threatening form of proarrhythmia unique to the treat-
ment of SVT. This phenomenon has been observed with
drugs with class Ic and la action, particularly flecainide
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(497). Concomitant administration of AV-nodal—blocking
agents, such as a beta blocker, will reduce the likelihood of
this form of proarrhythmia. Most antiarrhythmic drugs with
class | and class 1l action, except for propafenone, can be
started in an outpatient, provided the patient has no structur-
a heart disease or other concomitant diseases and is taking
no other drugs that may affect the metabolism of the partic-
ular drug.

Theremoval of antiarrhythmic drugs from the systemic cir-
culation typically depends on hepatic metabolism, rena
excretion, or both. Patients with kidney or liver disease are at
increased risk of drug toxicity, including proarrhythmia.
Amiodarone is hepatically metabolized and, therefore,
should be avoided in patients with significant hepatic dys-
function. In situations in which the SVT isreadily treated by
nonpharmacologic interventions, this is generally the pre-
ferred approach in patients with serious liver or kidney dis-
ease.

Kidney disease increases not only the incidence of cardiac
arrhythmias but also the risk associated with their treatment.
Patients with renal failure are at increased risk for cardiac
morbidity and mortality; estimates suggest that half of the
deaths in patients with renal failure result from concomitant
cardiac disease (498).

Antiarrhythmic drug use is complicated in patients with
renal disease for a number of reasons. In the case of drugs
cleared by the kidneys, the incidence of toxicity may be
unacceptably high, as in the case of sotalol or dofetilide.
Furthermore, patients with kidney disease commonly have a
myocardial substrate that renders them susceptible to proar-
rhythmic side effects of antiarrhythmic drugs (498-512). An
example is hypertension and LV hypertrophy that accompa-
ny renal failure and are associated with abnormal ventricular
(513) and atrial (514) repolarization. Patients with renal fail-
ure and ventricular hypertrophy also exhibit conduction
abnormalities that seem to correlate with the degree of fibro-
sis (515-517). Finally, fluid and electrolyte shifts character-
istic of dialysis are likely to act as triggers in susceptible
hearts (500-508,510,511,518,519).

Perhaps the most consistent attribute of antiarrhythmic
drugsistheir narrow therapeutic window. For this reason and
because most patients taking an antiarrhythmic drug are also
receiving other drug therapy, drug interactions are prominent
and clinically significant. Modification of the action of one
drug by another may occur as a result of pharmacokinetic
and/or pharmacodynamic interactions. Pharmacokinetic
interactions occur when one drug influences the absorption,
distribution, or metabolism and elimination of another drug
(eg, the increase in serum dofetilide concentration produced
by verapamil). Pharmacodynamic interactions result when a
drug blunts or exaggerates the effect of another drug without
altering its serum concentration, as might occur when a sodi-
um-channel-blocking drug (eg, mexiletine) is added to drugs
that have class |11 action (520). Numerous examples of both
types of interactions involving antiarrhythmic agents have
been described.
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One of the most prominent pharmacokinetic interactionsis
the interference of one drug’s metabolism with another. Such
interactions are most likely to be clinically significant when
adrug is eliminated predominantly viaasingle pathway. The
cytochrome P450 system plays a prominent role in antiar-
rhythmic drug metabolism (Table 5) (521). The table accu-
rately suggests that the most important cytochrome P450
isoenzymeis 3A4 (CYP3A4), at least in terms of the number
of drugs that are metabolized by this enzyme system (522).
CYP3A4 has no known clinically important polymorphisms
and iswidely distributed in the liver, intestine and other parts
of the gut and kidney (523). This isoenzyme is responsible
for presystemic metabolism and, therefore, the first-pass
effect exhibited by a number of oral agents metabolized by
this pathway. Severa notorious examples of adverse interac-
tions resulting in torsades de pointes of compounds metabo-
lized by CY P3A4 have been described, including the combi-
nation of terfenadine or cisapride with ketoconazole.

The CYP2D6 isoform is important in the metabolism of
beta blockers and antiarrhythmic agents with class Ic action
(522). The enzyme is expressed primarily in the liver and
exhibits clinically important polymorphisms (524).
Approximately 7% of Caucasians and African-Americans,
but not Asians, are “poor” metabolizers (525). The important
clinical consequence in treatment of cardiovascular diseaseis
the exaggerated effect of betablockersin patients who exhib-
it poor metabolism. Similarly, patients treated with CY P2D6
inhibitors, such as quinidine, especialy if they are poor
metabolizers, may have profound bradycardia from a low
dose of beta blockers. Side effects related to the beta-block-
ing action of propafenone are more common in poor metab-
olizers (524).

P-glycoprotein is the most widely studied drug-transport
molecule. It is structurally related to the family of proteins
known as the ABC- or ATP-binding cassette family and
actively transports substrates, including drugs, across cell
membranes (526). It is expressed in the gut lumen, hepato-
cyteslining bile canniculi, and endothelia cellsin the blood-
brain barrier. Inhibition of P-glycoprotein is not clinically
important for the elimination of most drugs because many
have other pathways for elimination. An exception is digox-
in, which does not undergo extensive P450 isoenzyme
metabolism. Instead, its bioavailability is limited by P-glyco-
protein—mediated re-excretion into the gut lumen (and possi-
bly other transporters in the kidney and liver) (527). Many
structurally unrelated drugs may increase digitalis concentra-
tions by inhibition of P-glycoprotein.

D. Quality-of-Life and Cost Considerations

Improvement of quality of lifeis usually the major therapeu-
tic goal of treatment for SVT. Although it was reported early
that catheter ablation improves quality of life (528,529) and
is cost effective compared with other strategies (530), these
studies were observationa rather than randomized (528,530)
or were limited to more symptomatic patients on stable
antiarrhythmic medical therapy (529). A later study com-
pared the effect on quality of life between catheter ablation
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Table 5. Antiarrhythmic Drug Metabolism
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CYP3A4 CYP2D6 P-glycoprotein
Substrates Amiodarone Propafenone Digoxin
Quinidine Flecainide Many antineoplastic drugs
Lidocaine Propranolol
Mexiletine Metoprolol
Cyclosporine Timolol
Sildenafil
Any calcium-
channel blocker
Any statin
Any HIV Prinh
Inhibitors Amiodarone Quinidine Amiodarone
Verapamil Propafenone Quinidine
Cyclosporine Fluoxetine Verapamil
Erythromycin TCA Cyclosporine
Clarithromycin Erythromycin
Ketoconazole Ketaconazole
Itraconazole Itraconazole
Ritonavir
Grapefruit juice
Inducers Rifampin
Ddiphenylhydantoin
Phenobarbital

HIV indicates human immunodeficiency virus; PrInh, protease inhibitor; TCA, tricyclic antidepressant.

Modified from Roden DM. Antiarrhythmic drugs: from mechanisms to clinical practice. Heart 2000;84:339-46.

and pharmacologic therapy as an initial strategy for patients
with SV Ts (531). Both treatments improved quality of life
and decreased frequency of disease-specific symptoms, but
ablation improved quality of life in more general health cat-
egories and resulted in complete amelioration of symptoms
in more patients (74 vs. 33%) than did medication. Potential
long-term costs were similar for medication and ablation
(531). Among patients who had monthly episodes of SVT,
RF ablation was, however, the more effective and less expen-
sive therapy compared with long-term drug therapy (532).
Another prospective study compared the long-term effects on
health outcome of catheter ablation and medical therapy as
an initial treatment for patients with newly documented
PSVT, excluding those with drug-refractory symptoms
referred specifically for ablation (533). At 5-year follow-up,
patients who received ablation had improved quality-of-life
scores and a reduction in disease-specific symptoms when
compared with patients who continued to take medical ther-
apy. More patients reported complete elimination of symp-
toms with ablation therapy (70%) than did those taking med-
ical therapy (43%). Over 5 years, the average cumul ative cost
for patientsin the medical therapy group was statistically sig-
nificantly lower than in patientsinitially treated with ablation
therapy: $6249 plus or minus $1421 per patient versus $7507
plus or minus $1098 per patient (533). It was concluded that
patient preference remains the critical determinant in choos-
ing a particular treatment in cases of mildly to moderately

symptomatic PSVT (533).

Baseline quality-of-life scores appear to be lower for
patients with atrial flutter and AF than for those with other
arrhythmias who are undergoing RF ablation (528). Severa
studies have described improvement in symptoms and quali-
ty of life after catheter ablation of atrial flutter (427,534-
537). Ablation of atria flutter resulted in an improvement in
quality of life as well as reductions in symptom-frequency
scores and symptom-severity scores compared with preabla-
tion values (536). There was a reduction in the number of
patients visiting accident and emergency departments,
requiring cardioversion, or being admitted to a hospital for a
rhythm problem. Patients with atrial flutter and concomitant
AF before ablation and those with atrial flutter alone both
derived significant benefit from atrial flutter ablation (536).
Others reported that patients who had atrial flutter associated
with AF before ablation had less improvement than those
without AF (535). Moreover, in a prospective, randomized
comparison of antiarrhythmic therapy versus first-line RF
ablation in patients with atrial flutter, the sense of well-being
and function in daily life improved after ablation but did not
change significantly in patients treated with drugs (427).
Ablation was associated with a better success rate and effect
on quality of life, alower occurrence of AF, and alower need
for rehospitalization at follow-up (427).
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APPENDIX 1: ABBREVIATIONS

ACC = American College of Cardiology

ACCF = American College of Cardiology
Foundation

ACLS = Advanced Cardiovascular Life
Support

AF = atrid fibrillation

AHA = American Heart Association

AHCPR = Agency for Hedthcare Policy
Research

AP = accessory pathway

ASD = atrial septal defect

AT = atrial tachycardia

AV = atrioventricular

AVNRT = atrioventricular nodal reciprocating
tachycardia

AVRT = atrioventricular reciprocating tachy-
cardia

BBB = bundle-branch block

bpm = beats per minute

CCS = clinical classification software

CHF = congestive heart failure

CPG = Committee for Practice Guidelines
(of the European Society of
Cardiology)

CTI = cavotricuspid isthmus

DAD = delayed afterdepolarization

DC = direct current

ECG = ¢dectrocardiogram; electrocardio-

graphic

ESC
FDA
HCFA

HCUP-3

HIV

INR

\Y

LBBB

LV
MAST
MAT
MEDPAR

MERFS
MESA
ms
NASPE
P wave
PIRT
POTS

Prinh
PSVT

PVs
Qp/Qs

QR

QRS
Qs

QT

R wave
RBBB
RF

RR

RS
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European Society of Cardiology
Food and Drug Administration
Health Care Financing Administration
(since renamed the Centers for
Medicare and Medicaid Services, or
CMS)

Healthcare Cost and Utilization
Project

human immunodeficiency virus
international normalized ratio
intravenous

left bundle-branch block

left ventricle; left ventricular
military antishock trousers
multifocal atrial tachycardia

U.S. Medicare Provider Analysis and
Review

Multicentre European Radiofrequency
Survey

Marshfield (Wisconsin, U.S.A.)
Epidemiologic Study Area
milliseconds

North American Society of Pacing
and Electrophysiology-Heart Rhythm
Society

ECG inscription of atrial electrical
activity

permanent form of junctional
reciprocating tachycardia

postural orthostatic tachycardia
syndrome

protease inhibitor

paroxysmal supraventricular
tachycardia

pulmonary vein

pulmonary blood flow/systemic
blood flow

ventricular activation with an initial
large negative followed by a smaller
positive deflection on ECG
ventricular activation on ECG
ventricular activation with a negative
deflection on ECG

time interval measured from the start
of the QRS deflection to the end of
the T wave

ventricular activation

right bundle-branch block
radiofrequency

relative risk

ventricular activation with an initial
positive deflection followed by nega-
tive deflection on ECG
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SA = sinoatrid TCA = tricyclic antidepressant

SVA = supraventricular arrhythmia TEE = transesophageal echocardiography
svC = superior vena cava VF = ventricular fibrillation

SVT = supraventricular tachycardia VT = ventricular tachycardia

T wave = ventricular repolarization WPW = Wolff-Parkinson-White syndrome
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