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ABSTRACT
Background: Supraventricular tachycardia (SVT) is a general
term describing a group of arrhythmias whose mechanism
involves or is above the atrioventricular node. The mecha-
nisms of most forms of SVT have been elucidated, and
pharmacologic and invasive therapies have evolved simulta-
neously.

Methods: We provide a brief overview of the mechanisms,
classifications, and electrocardiographic characteristics of
different SVTs and describe current trends in noninvasive and
invasive therapies.

Results: The term SVT encompasses a heterogeneous group
of arrhythmias with different electrophysiologic characteristics.
Knowledge of the mechanism of each SVT is important in
determining management at the bedside and in the electro-
physiology laboratory.

Conclusion: In the acute setting, vagal maneuvers and
pharmacologic therapy can be effective in arrhythmia
termination. Catheter-based radiofrequency ablation has
revolutionized therapy for many SVTs, and newer techniques
have significantly improved ablation efficacy and reduced
periprocedural complications and procedure times. Cryoab-
lation is currently being investigated as an alternative form

of energy delivery, although the long-term effectiveness of
this procedure currently limits its use for many SVTs.

INTRODUCTION
Supraventricular tachycardia (SVT) is a general

term describing a group of arrhythmias whose
mechanism involves or is above the atrioventricular
node. The mechanisms of most forms of SVT have
been elucidated, and pharmacologic and invasive
therapies have evolved simultaneously. This review
provides a brief overview of the mechanisms, classi-
fications, and electrocardiographic characteristics of
different SVTs and describes current trends in
noninvasive and invasive therapies. While this review
focuses on all forms of SVT, a thorough review of
atrial fibrillation is beyond its scope.

EPIDEMIOLOGY OF SVT
SVT is a common entity in clinical practice and a

relatively common occurrence in the emergency
department. The incidence of SVT is approximately
35 cases per 100,000 patients with a prevalence of
2.25 cases per 1,000 in the general population.1

Atrial fibrillation and atrial flutter are the most
common subtypes of SVT, affecting approximately
2 million patients in the United States. Of the
remaining subtypes of SVT, atrioventricular nodal
reentrant tachycardia (AVNRT) is the most common,
accounting for approximately 60% of cases. The
subtypes atrioventricular reentrant tachycardia
(AVRT) and atrial tachycardia account for approxi-
mately 30% and 10% of SVT cases, respectively.
AVNRT is more common in women and has a
bimodal age distribution with one peak in the third
decade and another that begins in the sixth decade
and extends to very old age. AVRT is more common
in men and has a mean onset age of 23 years. The
incidence of atrial tachycardia increases with age
and is more common in patients with structural heart
disease.2
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MECHANISMS OF SVT
SVT is caused by 1 of 3 mechanisms: reentry,

increased automaticity, or triggered activity.3-5

Reentry involves repetitive impulse propagation
around 2 pathways or limbs, separated by a zone of
nonexcitability.3-6 For reentry to occur, the 2 limbs
should have differing electrophysiologic properties
(conduction velocity and refractory period). Atrial or
ventricular premature beats or runs of tachycardia
(automatic or triggered in origin) result in a unidirec-
tional block in one limb with circular repetitive reentry
in the opposite direction (Figure 1). Reentry is the
mechanism of all cases of AVNRT and AVRT and of
some cases of atrial tachycardia.

The term automaticity refers to the phenomenon of
spontaneous tachycardia arising from a group, or
focus, of cells and can result in atrial and ventricular
arrhythmias. These foci of myocardial tissue exhibit
pathologic changes in resting membrane potential
and can develop the capacity to depolarize rapidly
and become the dominant rhythm. Automaticity can
occur in the setting of electrolyte abnormalities,
changes in autonomic tone, and other local factors,
many of which are not understood. Automatic foci are
the mechanisms of more than 70% of cases of focal
atrial tachycardia.4

Automatic arrhythmias and arrhythmias caused by
triggered activity are relevant because in addition to
being the mechanisms of sustained arrhythmias,
short bursts of these arrhythmias are triggers for
reentrant SVTs.

Arrhythmias due to triggered activity are caused
by extra depolarizations immediately following cellular
repolarization (called delayed afterdepolarizations)

that may result in extrasystoles and sustained
tachyarrhythmias. Triggered activity can occur in
response to augmentation of intracellular calcium
(eg, with cardiac glycosides) and is the mechanism of
approximately 30% of focal atrial tachycardias. Trig-
gered activity is also implicated in the initiation of atrial
fibrillation.3,4

CLASSIFICATIONS OF SVT
Atrioventricular Nodal Reentrant Tachycardia

AVNRT is the most commonly encountered
paroxysmal SVT. Patients with AVNRT demonstrate
dual atrioventricular nodal inputs with differing elec-
trophysiologic properties, the fast and slow pathways
that act as the 2 limbs of the reentrant circuit. An
estimated 32%-40% of the normal population have
dual atrioventricular nodal physiology, although only
a minority of these develop AVNRT.7 The fast pathway
inputs into the apex of the triangle of Koch near the
compact atrioventricular node. The slow pathway
inputs near the os of the coronary sinus at the base
of the triangle. In the typical form (slow-fast AVNRT),
conduction occurs antegrade via the slow pathway
and retrograde via the fast pathway. Atypical forms of
AVNRT such as fast-slow and slow-slow are also
encountered and are one of the causes of long RP
tachycardia.8,9

Atrioventricular Reentrant Tachycardia
Accessory pathways are anomalous, extranodal

conduction pathways between atrium and ventricle.
The accessory pathway and the atrioventricular node
can act as the 2 limbs of the AVRT reentrant circuit.
Accessory pathways are classified based on their
location along the mitral or tricuspid annuli, conduc-
tion characteristics, and directionality of conduction
(antegrade, retrograde, or both). Accessory pathways
capable of antegrade conduction will demonstrate a
delta wave known as the Wolff-Parkinson-White
(WPW) pattern on the surface electrocardiogram
(ECG) (Figure 2). Accessory pathways capable only
of retrograde conduction do not exhibit a delta wave
on the surface ECG (concealed pathways) but can
still form a reentrant loop with the atrioventricular
node and result in AVRT.10,11 AVRT is classified as
orthodromic if antegrade conduction occurs via the
atrioventricular node and antidromic if antegrade
conduction occurs via the accessory pathway.

Atrial Tachycardia
The term atrial tachycardia describes a group of

atrial arrhythmias whose mechanisms may be focal or
macroreentrant. Focal atrial tachycardia results in a
centrifugal wavefront spread throughout the atria from
a focus of (1) enhanced automaticity, (2) triggered

Figure 1. Subtypes of supraventricular tachycardia. The
figures demonstrate the mechanisms of arrhythmia. Atrio-
ventricular nodal reentrant tachycardia (far left) and
atrioventricular reciprocating tachycardia (middle) are ex-
clusively reentrant in mechanism. Atrial arrhythmias include
atrial tachycardia, atrial flutter, and fibrillation and may be
because of reentry, automaticity (star), or triggered activity
(T) (far right). Enhanced automaticity and triggered activity
may cause the initiation of reentry.
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activity, or (3) a small area of reentry (microreentry).
Macroreentrant atrial tachycardia results from a large
intraatrial reentrant loop >2 cm in length. Note that
the term macroreentrant atrial tachycardia is synon-
ymous with the term atrial flutter. Both focal and
macroreentrant atrial tachycardia may result from
prior structural heart disease or surgery for congenital
heart disease, may follow surgical or catheter ablation
of atrial fibrillation, or may be due to idiopathic
phenomena. Right atrial tachycardia often arises from
the crista terminalis but can also arise from the
tricuspid annulus, compact atrioventricular node, and
coronary sinus ostium.12,13 Left atrial tachycardias
often arise from the pulmonary veins, as well as the
mitral annulus and left atrial appendage.14

Atrial Flutter
Typical atrial flutter is a form of macroreentrant

atrial tachycardia that deserves special mention
because it is common, may result in stroke and
cardiomyopathy, and is highly amenable to catheter
ablation. In typical atrial flutter, the depolarizing
wavefront courses in either a clockwise or counter-
clockwise direction around the tricuspid annulus and
involves the cavotricuspid isthmus as a critical part of
the reentrant circuit. The counterclockwise form of
typical atrial flutter is the most common and results in
the negative sawtooth wave pattern in the inferior
leads with a positive wave in V1. Clockwise typical
(cavotricuspid isthmus-dependent) atrial flutter can
have a more variable appearance on ECG and can be
indistinguishable from atypical atrial flutter.15,16 Atyp-
ical atrial flutter encompasses a group of macro-
reentrant atrial tachycardias that do not utilize the
cavotricuspid isthmus for arrhythmia propagation and
may involve the crista terminalis, superior vena cava,
prior atrial scar in patients with a history of congenital

heart disease surgery, or other right atrial structures.
The era of extensive left atrial ablation for atrial
fibrillation has resulted in the increasingly common
occurrence of atypical atrial flutter arising from the left
atrium.17 Atypical flutters can be challenging to ablate.

ECG FEATURES OF SVT
SVT usually exhibits a narrow QRS complex

tachycardia, although wide complex tachycardia
may occur in the case of SVT with preexisting or
rate-related bundle branch block. Rarely, wide com-
plex tachycardia may occur in the setting of preexcit-
ed SVT because of antidromic AVRT or in cases of
preexcited atrial fibrillation, atrial tachycardia, or
AVNRT where the accessory pathway is not part of
the reentrant circuit (ie, bystander accessory pathway
participation). Irregularity during SVT occurs in cases
of rapid atrial fibrillation, rapid atrial flutter with variable
atrioventricular block, and multifocal atrial tachycar-
dia. Note that atrial fibrillation in the setting of
complete heart block with an escape rhythm may
appear regular.

SVTs may be classified in terms of the length of
the RP interval that may give important clues that lead
to the diagnosis of tachycardia.6 A long RP tachycar-
dia (RP interval > PR interval) is a useful finding on the
surface ECG because it is caused by atypical (ie, fast-
slow) AVNRT, orthodromic AVRT utilizing a slowly
conducting accessory pathway, or certain forms of
atrial tachycardia (Figure 3).6

The surface ECG can provide other clues regard-
ing SVT etiology. A pseudo R0 in lead V1 and a
pseudo S in lead II are classically associated with
AVNRT (Figure 4). The finding of QRS alternans

Figure 3. A 12-lead electrocardiogram showing a long RP
tachycardia. The RP interval (A) is longer than the PR
interval, with inverted P waves in the inferior leads. The
differential diagnosis for this rhythm includes atypical (fast-
slow) atrioventricular nodal reentrant tachycardia, atrioven-
tricular reentrant tachycardia with a slowly conducting
accessory pathway, and certain forms of atrial tachycardia.

Figure 2. A 12-lead electrocardiogram (ECG) showing a short
PR interval and slurred R wave upstroke (delta wave)
characteristic of the Wolff-Parkinson-White pattern. The
pattern of preexcitation on this particular ECG is suggestive
of a left lateral accessory pathway.
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during SVT is highly suggestive of orthodromic AVRT,
though this can occur in AVNRT, particularly at very
rapid rates. Broad sawtooth waves in the inferior leads
with positive P waves in lead V1 are suggestive of
typical atrial flutter. SVT because of atrial tachycardia
may appear as either a short or long RP tachycardia
on the surface ECG, and the ECG may be helpful in
distinguishing right from left atrial tachycardia when
the P wave can be adequately visualized.6,12-14

ACUTE MANAGEMENT OF SVT
Vagal Maneuvers

Vagal maneuvers are an appropriate first treatment
option in patients with hemodynamically stable SVT.
Studies report an approximately 25% success rate,
although reported rates vary widely in the literature
(6%-54%).18-22 The most commonly performed ma-
neuvers are the Valsalva maneuver and carotid sinus
massage. The increase in intrathoracic pressure
resulting from the Valsalva maneuver stimulates aortic
and carotid baroreceptors, causing an increase in
vagal input into the atrioventricular node. Most recent
studies advocate placing the patient in a supine
position and attempting the maneuver for 15-20
seconds.18,19,21 The Valsalva maneuver has generally
been shown to be most effective in adults, having a
superior effect on SVT termination compared to
carotid sinus massage. Caution is advised when
considering whether to attempt carotid sinus massage
in older patients, as there is a risk of carotid
atheroembolism and stroke even in the absence of
an audible bruit. No guidelines currently exist regard-
ing the appropriate number of attempts prior to
initiating other therapies, although most providers will
try a maximum of 2 attempts. Several studies have
suggested that vagal maneuvers are more effective in
the termination of AVRT compared to AVNRT.18-22

Pharmacologic Treatment
Pharmacologic therapy for acute termination of

SVT is appropriate in patients when vagal maneuvers
fail. The preferred initial agents are intravenous (IV)
adenosine or a nondihydropyridine calcium channel
blocker. Adenosine’s effects are mediated by mem-
brane hyperpolarization that typically occurs within
15-30 seconds after administration. Adenosine has a
powerful effect on the atrioventricular node and is
highly effective in causing temporary, complete
atrioventricular nodal block. Transient sinus brady-
cardia or sinus arrests often occur but are short lived.
The ECG should be continuously recorded during
adenosine administration to document the effect of
the drug on SVT and to monitor for the rare
occurrence of proarrhythmia. Patients should be
warned that they might experience short-lived sensa-
tions of claustrophobia, dyspnea, and chest discom-
fort. The initial dose of adenosine is 6 mg IV bolus
(flushed), using a large vein. Subsequent doses of 12
mg or even 18 mg boluses may be required. SVT
resolution following adenosine administration estab-
lishes AVNRT or AVRT as the likely SVT mechanism,
although occasionally some focal atrial tachycardias
will terminate with adenosine as well. In macro-
reentrant and most focal atrial tachycardias, adeno-
sine administration results in transient slowing of the
ventricular rate, revealing the underlying atrial activity.
Adenosine is contraindicated in patients with WPW
and atrial fibrillation because it shortens the refractory
period of the pathway that can result in more rapid
conduction of atrial fibrillation, increasing the chances
of dangerous ventricular arrhythmias (Figure 5).23,24

Because propagation of the action potential
through the atrioventricular node is calcium-channel
dependent, the nondihydropyridine calcium channel
blockers verapamil and diltiazem are highly effective

Figure 4. A 12-lead electrocardiogram of atrioventricular
nodal reentrant tachycardia (AVNRT). The presence of the
pseudo S wave in lead II (A) is highly suggestive of AVNRT as
the mechanism of supraventricular tachycardia, particularly
if the rhythm terminates with adenosine.

Figure 5. A 12-lead electrocardiogram (ECG) showing
preexcited atrial fibrillation. The ECG shows an irregular,
wide complex tachycardia with QRS complexes that are
similar but with varying morphologies.
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in the termination of AVNRT and AVRT.25 Verapamil is
infused at a dose of 5 mg during 2 minutes, followed
by another 7.5 mg after 5-10 minutes if necessary.
Diltiazem is given at a dose of 20 mg IV, with another
25-35 mg given if SVT persists. As with adenosine,
transient arrhythmias may be seen, although hypo-
tension occurs more commonly in patients receiving
calcium channel blockers, especially if SVT persists
after administration. Prior studies have demonstrated
similar efficacy between adenosine and calcium
channel blockers,23 although adenosine is generally
preferred given its lower incidence of hypotension
and its extremely short half-life. Beta blockers such as
IV metoprolol or esmolol infusion are often used in
acute SVT, but data regarding this practice are
limited. A small randomized study comparing IV
diltiazem to esmolol for acute SVT was terminated
early because of the marked superiority of diltiazem.26

Direct-Current Cardioversion
The use of direct-current cardioversion is gener-

ally limited to cases of hemodynamically unstable
SVT, a rare phenomenon. When utilized, low energies
(eg, 25-50 J) will suffice. Most research focuses on
direct-current cardioversion in the setting of atrial
fibrillation that is more commonly treated using this
modality.21

LONG-TERM MANAGEMENT OF SVT
Expectant Management

The American College of Cardiology/American
Heart Association/European Society of Cardiology
(ACC/AHA/ESC) guidelines recommend expectant
management for patients with infrequent episodes of
hemodynamically stable SVT, normal left ventricular
function, and a normal resting ECG.27Referral to an
arrhythmia specialist is indicated for patients with
poorly tolerated arrhythmias. In reality, patients with
AVNRT or AVRT are often referred early for ablation
before extended trials of drug therapy. While man-
agement of patients with an asymptomatic WPW
pattern on ECG is controversial, guidelines recom-
mend referral of these patients to an arrhythmia
specialist for further evaluation.27

Pharmacologic Treatment
Chronic prophylactic drug therapy is an option for

patients with SVT who cannot self-terminate the
arrhythmia. Frequency of SVT, patient age, and
symptom burden should all be taken into account
before considering daily prophylactic drug therapy for
a sometimes infrequent condition. Pharmacotherapy
is associated with side effects and often does not
result in complete freedom from arrhythmia.

Both long-acting calcium channel blockers and
beta blockers improve symptoms in 60%-80% of
patients with SVT.23,28 Flecainide and propafenone
are class Ic antiarrhythmic drugs that slow conduction
and suppress automaticity and can thus result in
marked reduction in frequency and duration of SVT
episodes in some patients. These agents are contra-
indicated in patients with known structural heart
disease because of an increased risk of ventricular
arrhythmias.28,29 Flecainide may result in headaches,
visual disturbances, mild abdominal pain, and nau-
sea. These side effects may necessitate its discontin-
uation. Propafenone may be somewhat more
universally tolerated but may be associated with a
metallic taste. These antiarrhythmic drugs should be
initiated and followed up by an electrophysiologist
experienced in their use. For example, both drugs can
result in facilitation of 1:1 conduction of atrial flutter
and therefore must be coprescribed with an atrioven-
tricular nodal blocker in the setting of certain atrial
arrhythmias, including atrial fibrillation.

Alternative antiarrhythmic drugs include sotalol or
dofetilide, both class III agents. Like the class Ic
agents, these drugs have been used effectively in
patients with AVRT, AVNRT, and atrial tachycardia.
Class III antiarrhythmic drugs exert their effect in this
setting through prolongation of refractory period,
prevention of reentry propagation, and suppression
of automaticity.30 Class III antiarrhythmic drugs carry
the risk of long QT and torsades de pointes and must
be managed by an electrophysiologist.

Given the high success rates and favorable safety
profiles of diagnostic electrophysiology study fol-
lowed by an attempt at catheter ablation, many
patients choose this option early in their course.
However, pharmacologic therapy is an important
treatment option and can be well tolerated and
effective in some patients.

Catheter Ablation
The first catheter ablations for SVT occurred in the

early to mid-1980s and employed sequential intracar-
diac delivery of 2-10 direct current shocks to disrupt
and ablate myocardial tissue, with shock energy
deliveries as high as 300-400 J per delivery.31,32 Soon
afterward, catheter-based radiofrequency ablation was
found to have a superior efficacy and safety profile
compared to direct current ablation32 and since the
late 1980s has been extensively employed as a well-
tolerated, often curative therapy for SVT. In general,
guidelines recommend ablation for patients with
recurrent SVT despite treatment or poorly tolerated
SVT, although recommendations vary based on the
category of SVT and known success rates (Table).27,33

Most SVT ablation is performed under conscious
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sedation. Between 2-5 multipolar electrodes are
positioned in the heart via the femoral (and sometimes
jugular) veins under fluoroscopic guidance. The
catheter electrodes have sensing and pacing functions
that are used for induction and localization of the
reentrant circuit or ectopic focus. The mechanism of
tissue destruction during radiofrequency ablation is
thermal injury that occurs at tissue temperatures
>508C, and tissue temperatures of 608C-708C are
often targeted. At electrode temperatures >1008C,
plasma proteins may denature to form a coagulum on
the catheter tip, decreasing the density of the current
delivered and increasing impedance, both of which
can limit lesion growth.10 Further, when temperatures
approach 1008C, a steam pop may occur and, if
epicardial, may result in cardiac tamponade.

Complications of ablation for SVT are generally
low, although they vary significantly depending on the
arrhythmia being treated. One large multicenter study
examining patients undergoing AVNRT, AVRT, and
atrioventricular node ablation found low risks of
death, stroke, myocardial infarction, tamponade, and
arterial perforation. Procedures involving ablation
near the septal aspect of the tricuspid valve (fast
pathway input to the atrioventricular node) are more
likely to be complicated by atrioventricular block.
Other possible complications include pericardial and
pleural effusions, pneumothorax, and damage to the
coronary vasculature and valves, although these
complications are rare.34

AVNRT Ablation
The standard technique for RF ablation of AVNRT

initially targeted the fast pathway. Although effective
(success rates >95%), fast pathway ablation for
AVNRT carried a risk of complete heart block as high
as 15% and was abandoned in favor of an approach
targeted at modifying the slow pathway.4,34-37 In most
patients, the slow pathway inputs to the atrioventric-
ular node are located along the posterior tricuspid
annulus near the coronary sinus ostium, several
centimeters away from the fast pathway and the
compact atrioventricular node. Ablation is performed
by targeting specific electrograms and an area in the
posteroseptal right atrium, often close to the roof of
the coronary sinus ostium. Slow pathway modification
results in an impressive success rate of 99% for

permanent cure of AVNRT. However, the incidence of
complete heart block remains 1%-1.5%, even in
experienced hands.26,38,39 AVNRT ablation can be
complex. In some patients, the location of the slow
pathway is challenging. In other patients, the fast and
slow pathways lie close to each other, resulting in an
increased risk of atrioventricular block. In such cases,
assessing the size of the triangle of Koch (either by
three-dimensional [3-D] mapping, fluoroscopy, or
measuring conduction time between coronary sinus
and His-bundle catheters) can be helpful.40-42 Radio-
frequency energy application at relatively low power
and immediate termination of radiofrequency energy
delivery if any evidence of atrioventricular block is
observed reduce the incidence of long-term atrioven-
tricular block.41

Recently, studies have focused on the use of
cryoablation as an alternative to radiofrequency in
AVNRT ablation.42-46 The tip of a cryoablation catheter
freezes to �758C, resulting in ice formation within the
cell, rupture of the cell membrane, and permanent
myocardial cell death. The cryoablation platform
allows for freeze mapping, the creation of test lesions
at approximately �48C with reversible electrophysio-
logic effects. Freeze mapping allows the operator to
test an ablation site for the effect on pathway
conduction and also to monitor for atrioventricular
block that is usually reversible at these temperatures.
This effect is not completely reliable, however, and
tissue function does not always recover after freeze
mapping. The other advantage of cryoablation is that
an ice ball forms on the tip of the catheter and
adheres to the cardiac tissue, resulting in a high
degree of catheter stability. An early study suggested
similar efficacy of cryoablation compared with radio-
frequency ablation for AVNRT, with a reduced risk of
complete heart block.42 A larger study in 2004,
however, found a significantly higher rate of recur-
rence compared to radiofrequency ablation because
of the reversibility of cryoablative lesions.43 This study
was not powered to detect differences in rates of
complete heart block. In 2010, the CYRANO (Cryo-
ablation Versus Radiofrequency Energy for the
Ablation of Atrioventricular Nodal Reentrant Tachy-
cardia) study demonstrated similar acute efficacy
between radiofrequency and cryoablation (98.4%
and 96.8%), although recurrence rates were much

Table. Success and Recurrence Rates After Radiofrequency Ablation of Supraventricular Tachycardia

AVNRT AVRT AT AFL

Success Rates 95%-98% 92%-98% 69%-100% 95%-97%
Recurrence Rates 4%-6% 2%-11% 7%-8% 4%-6%

AFL, atrial flutter; AT, atrial tachycardia; AVNRT, atrioventricular nodal reentrant tachycardia; AVRT, atrioventricular reentrant tachycardia.
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higher in the cryoablation group (9.4% vs 4.4% at 6
months). No difference was seen in the incidence of
complete heart block.44 Notably, the ‘‘frosty’’ trial
demonstrated significantly less recurrence in patients
with AVNRT (94% of patients had no recurrence at 6
months).47 The current ICY-AVNRT (Intracardiac
CrYoablation for AtrioVentricular Nodal Reentrant
Tachycardia) trial is prospectively examining the
efficacy of cryoablation for AVNRT.

Accessory Pathway Ablation
Success rates for accessory pathway ablation

range from 95%-98%, with recurrence rates of AVRT
as low as 2%, although location of the accessory
pathway can have a significant effect on success rates
(posteroseptal and right-sided pathways are more
challenging).45-47 Accurate localization of the accesso-
ry pathway is key for successful ablation. The mor-
phology of the delta wave and QRS complex is helpful
in the preliminary localization of pathways with manifest
preexcitation. Ablation of pathways located near the
atrioventricular node (most commonly anteroseptal or
midseptal pathways) carries an increased risk of
atrioventricular block.46,47 Ablation with cryoablation
has thus been attempted in such cases to reduce this
risk. The ‘‘frosty’’ trial demonstrated a modest success
rate of 69%, although there was no evidence of
atrioventricular block. Success rates may be reduced
in cases with unusual accessory pathway locations (eg,
epicardial, atrial appendage, or atriofascicular) because

of difficulties in catheter position or inadequate power
delivery.11,47 Posteroseptal pathways are a challenging
group of accessory pathways to ablate. Previous
research has suggested that these accessory path-
ways can involve the musculature of the coronary
sinus, and ablation within the coronary sinus may be
necessary. In addition, diverticula in the proximal
coronary sinus have been shown to be a region where
some of these pathways can lie (Figure 6).48,49 More
recently, 3-D mapping technology has allowed for the
creation of computerized representations of the se-
quence of electrical activation and is sometimes used in
the ablation of accessory pathways.45

Accessory pathway ablation in patients with
symptomatic preexcitation (ie, WPW pattern) or with
preexcited rapid atrial fibrillation carries a class I level
B recommendation in the ACC/AHA/ESC guide-
lines.27 Ablation in patients with asymptomatic preex-
citation seen on the surface ECG is controversial.
Population-based studies suggest that the incidence
of sudden death in these patients is low. One study of
162 patients reported ventricular fibrillation as the
presenting arrhythmia in 1.85%, although rates vary
widely in the literature.50 Certain electrophysiologic
characteristics (eg, accessory pathways with a short
refractory period at electrophysiology study or the
presence of multiple accessory pathways) carry a
greater risk of developing atrial fibrillation with a
critically fast ventricular response, so electrophysiol-
ogy testing is often performed in patients with these
characteristics, particularly younger patients. Electro-
physiology testing may not be necessary in older
asymptomatic patients because if SVT has not
occurred by age 40, it is extremely unlikely that the
first manifestation of a WPW pattern will be preexcited
atrial fibrillation, although this assertion has been
questioned.51

Atrial Flutter Ablation
Compared to relatively ineffective antiarrhythmic

drug therapy, atrial flutter ablation is more successful
in maintaining normal sinus rhythm.52 Typical atrial
flutter ablation involves the creation of a complete
bidirectional conduction block across the cavotricus-
pid isthmus. RF energy is applied in a point-by-point
fashion or as a linear drag lesion from the tricuspid
annulus to the inferior vena cava to create the line of
conduction block. Pacing from the lateral right atrial
and the coronary sinus is then performed to confirm
isthmus block (Figure 7). Atrial flutter ablation is
successful in more than 99% of cases, and recurrence
rates are low.15,52,53 Atrial fibrillation and atrial flutter
commonly coexist, and atrial fibrillation often occurs
after ablation for atrial flutter, even in patients without
documented preprocedure atrial fibrillation.54

Figure 6. Three-dimensional electroanatomical map (ESI
system, St. Jude Medical) demonstrating a diverticulum of
the coronary sinus containing a posteroseptal accessory
pathway. A: ablation catheter electrograms. B: coronary sinus
electrograms. The electrograms show 2 leads of the surface
electrocardiogram with disappearance of the delta wave on
the third beat and corresponding intracardiac electrograms
below.
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The maximum voltage-guided ablation approach
has been proposed as an alternative method of atrial
flutter ablation. Maximum voltage-guided ablation
targets only anatomically important muscle bundles
(identified as high-voltage electrograms) along the
cavotricuspid isthmus instead of creating a single
continuous ablation line. A post hoc analysis of the
AURUM 8 study found that voltage-guided ablation
significantly reduced ablation time, number of lesions,
fluoroscopy time, and procedure duration.55

As indicated, atrial flutter may be atypical, arising
from the right atrium or the left atrium. Atypical right
atrial flutter may be caused by a right atrial scar or by
a phenomenon known as upper-loop reentry in which
the circuit is localized in the upper right atrium,
utilizing a critical gap in the upper crista terminalis.56

The left atrial flutter circuit most commonly involves
the mitral annulus, the insertion of the pulmonary
veins into the posterior left atrium, an area of left atrial
fibrosis, or a combination of these areas. The ablation
procedure for atypical atrial flutter varies based on the
location and complexity of the reentry circuit. In
general, ablation is performed by transecting a critical
area in the reentry circuit by a continuous line of RF
ablation. Studies have reported an approximate 70%
success rate with left atrial flutter ablation.57-59 As
mentioned above, atrial fibrillation is often seen after
atrial flutter ablation, and left-sided atrial flutter is
commonly seen in this clinical situation.

Atrial Tachycardia Ablation
Atrial tachycardia ablation is indicated in patients

with recurrent, symptomatic arrhythmia. In focal atrial
tachycardia, accurate localization of the focus is
required. The advent of 3-D mapping technology has
significantly improved the efficacy of atrial tachycar-
dia ablation. Maps demonstrate earliest local atrial
activation and can be useful in mapping the chamber
and identifying the atrial tachycardia circuit. Difficulty
inducing atrial tachycardia at the time of electro-
physiology study remains a significant challenge in
as many as 12% of patients, and success rates of
atrial tachycardia ablation reported in the literature
range from 69%-100%.60 Recurrence rates may be
as low as 8%.

Even with aggressive pacing maneuvers, some-
times only a few beats of atrial tachycardia may be
induced during electrophysiology study. A technique
known as noncontact balloon mapping has been
used with some success in this situation, enabling the
operator to create a complete atrial activation map
utilizing just a single beat of atrial tachycardia.
Electrodes on the surface of a balloon-tipped catheter
are introduced into the atrium to sample thousands of
anatomically distinct electrical signals during each
cardiac cycle that are then extrapolated using the
calculated geometry of the atrium to infer a sequence
of activation. The accuracy of noncontact vs contact
balloon mapping in ventricular arrhythmias is compa-
rable,57 and the technique is currently being evaluat-
ed for atrial arrhythmias.61,62 Noncontact mapping of
this type is only performed in the right atrium.

CONCLUSION
The term SVT encompasses a heterogeneous

group of arrhythmias with different electrophysiologic
characteristics. Knowledge of the mechanism of each
SVT is important in determining management at the
bedside and in the electrophysiology laboratory. In
the acute setting, both vagal maneuvers and phar-
macologic therapy can be effective in arrhythmia
termination. RF ablation has revolutionized therapy for
many SVTs, and newer techniques have significantly
improved ablation efficacy and reduced periproce-
dural complications and procedure times. Cryoabla-
tion is currently being investigated as an alternative
form of energy delivery, although the long-term
effectiveness of this procedure currently limits its
use for many SVTs.
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23. Lévy S, Ricard P. Using the right drug: a treatment algorithm for
regular supraventricular tachycardias. Eur Heart J. 1997 May;18
Suppl C:C27-C32.

24. DiMarco JP, Miles W, Akhtar M, et al. Adenosine for paroxysmal
supraventricular tachycardia: dose ranging and comparison with
verapamil. Assessment in placebo-controlled, multicenter trials.
The Adenosine for PSVT Study Group. Ann Intern Med. 1990 Jul
15;113(2):104-110. Erratum in: Ann Intern Med. 1990 Dec 15;
113(12):996.

25. Akhtar M, Tchou P, Jazayeri M. Use of calcium channel entry
blockers in the treatment of cardiac arrhythmias. Circulation.
1989 Dec;80(6 Suppl):IV31-IV39.

26. Gupta A, Naik A, Vora A, Lokhandwala Y. Comparison of efficacy
of intravenous diltiazem and esmolol in terminating
supraventricular tachycardia. J Assoc Physicians India. 1999 Oct;
47(10):969-972.

27. Blomström-Lundqvist C, Scheinman MM, Aliot EM, et al.
ACC/AHA/ESC guidelines for the management of patients with
supraventricular arrhythmias—executive summary. A report of
the American College of Cardiology/American Heart Association
task force on practice guidelines and the European Society of
Cardiology committee for practice guidelines (writing committee
to develop guidelines for the management of patients with
supraventricular arrhythmias) developed in collaboration with
NASPE-Heart Rhythm Society. J Am Coll Cardiol. 2003 Oct 15;
42(8):1493-1531.

28. Dorian P, Naccarelli GV, Coumel P, Hohnloser SH, Maser MJ. A
randomized comparison of flecainide versus verapamil in
paroxysmal supraventricular tachycardia. The Flecainide
Multicenter Investigators Group. Am J Cardiol. 1996 Jan 25;
77(3):89A-95A.

29. UK Propafenone PSVT Study Group. A randomized, placebo-
controlled trial of propafenone in the prophylaxis of paroxysmal
supraventricular tachycardia and paroxysmal atrial fibrillation.
Circulation. 1995 Nov 1;92(9):2550-2557.

30. Touboul P, Atallah G, Kirkorian G, Lavaud P, Mathieu MP,
Dellinger A. Effects of intravenous sotalol in patients with
atrioventricular accessory pathways. Am Heart J. 1987 Sep;
114(3):545-550.

31. Gallagher JJ, Svenson RH, Kasell JH, et al. Catheter technique for
closed-chest ablation of the atrioventricular conduction system. N

Engl J Med. 1982 Jan 28;306(4):194-200.
32. Wolpert C, Pitschner H, Borggrefe M. Evolution of ablation

techniques: from WPW to complex arrhythmias. Eur Heart J

Suppl. 2007 Dec;9(Suppl I):I116-I121.
33. Calkins H, Yong P, Miller JM, et al. Catheter ablation of accessory

pathways, atrioventricular nodal reentrant tachycardia, and the
atrioventricular junction: final results of a prospective, multicenter
clinical trial. The Atakr Multicenter Investigators Group.
Circulation. 1999 Jan 19;99(2):262-270.

34. Yaminisharif A, Davoodi G, Kasemisaeid A, Farahani AV,
Ghazanchai F, Moghaddam M. Radiofrequency catheter ablation
of atrioventricular nodal reentrant tachycardia: success rates and
complications during 14 years of experience. J Tehran Heart

Cent. 2010 Spring;5(2):87-91.
35. Kay GN, Epstein AE, Dailey SM, Plumb VJ. Selective

radiofrequency ablation of the slow pathway for the treatment of
atrioventricular nodal reentrant tachycardia. Evidence for
involvement of perinodal myocardium within the reentrant circuit.
Circulation. 1992 May;85(5):1675-1688.
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57. Jäıs P, Shah DC, Häıssaguerre M, et al. Mapping and ablation of

left atrial flutters. Circulation. 2000 Jun 27;101(25):2928-2934.
58. Wieczorek M, Salili AR, Kaubisch S, Hoeltgen R. Catheter

ablation of non-sustained focal right atrial tachycardia guided by
virtual non-contact electrograms. Europace. 2011 Jun;13(6):
876-882.

59. Della BP, Fraticelli A, Tondo C, Riva S, Fassini G, Carbucicchio C.
Atypical atrial flutter: clinical features, electrophysiological
characteristics and response to radiofrequency catheter ablation.
Europace. 2002 Jul;4(3):241-253.

60. Roberts-Thomson KC, Kistler PM, Kalman JM. Focal atrial
tachycardia II: management. Pacing Clin Electrophysiol. 2006
Jul;29(7):769-778.

61. Schilling RJ, Peters NS, Davies DW. Simultaneous endocardial
mapping in the human left ventricle using a noncontact catheter:
comparison of contact and reconstructed electrograms during
sinus rhythm. Circulation. 1998 Sep 1;98(9):887-898.

62. Higa S, Tai CT, Lin YJ, et al. Focal atrial tachycardia: new insight
from noncontact mapping and catheter ablation. Circulation.
2004 Jan 6;109(1):84-91.

This article meets the Accreditation Council for Graduate Medical Education and the American Board of
Medical Specialties Maintenance of Certification competencies for Patient Care and Medical Knowledge.

Sohinki, D

Volume 14, Number 4, Winter 2014 595


