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Atrial Tachycardia: Mechanisms,
Diagnosis, and Management

Kurt C. Roberts-Thomson, MBBS, FRACP,
Peter M. Kistler, MBBS, PhD, FRACP, and
Jonathan M. Kalman, MBBS, PhD, FACC

Abstract: Atrial tachycardia is an uncommon arrhyth-
mia and may be focal or macroreentrant. This review
concentrates on focal atrial tachycardia. Over the last
decade there have been a number of advances in
delineating the mechanism and anatomic locations of
focal atrial tachycardia. The lack of efficacy of antiar-
rhythmic therapy and the advent of radiofrequency
ablation have altered our primary approach to the
treatment of focal atrial tachycardia. This review dis-
cusses the clinical features, diagnosis, and treatment of
focal atrial tachycardia. There is particular focus on
the mechanisms, anatomic locations, and P wave mor-
phology, as well as the techniques of mapping and
radiofrequency ablation. (Curr Probl Cardiol 2005;30:

529-573.)
A trial tachycardia is an uncommon arrhythmia. The term atrial
tachycardia (AT) encompasses several types of tachycardia that
originate in the atria and do not require the participation of the

trioventricular node for maintenance of the arrhythmia. These tachycar-
ias have differing arrhythmia mechanisms and are often related to
natomical structures. Mechanisms include abnormal automaticity, trig-
ered activity, and reentry. Evaluation of the studies on this topic can be
ifficult as most of the studies have had small, heterogeneous populations,
ncluding patients with a variety of atrial tachycardias.
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efinition
Regular AT can be defined as focal or macroreentrant. In 2001, the Joint
xpert Group from the Working Group of Arrhythmias of the European
ociety of Cardiology and the North American Society of Pacing and
lectrophysiology classified regular AT according to electrophysiological
echanisms and anatomical structures.1 Focal AT was defined as atrial

ctivation starting rhythmically at a small area (focus) from which it
preads out centrifugally and without endocardial activation over signif-
cant portions of the cycle length. The main tenet of this definition is that,
n contrast to activation seen in macroreentrant AT, atrial activity
riginates from a point source. In macroreentry, reentrant activation
ccurs around a large central obstacle, usually several centimeters in
iameter. In these circuits electrical activity can be recorded throughout
he entire atrial cycle length. These include typical atrial flutter and other
ell-characterized macroreentrant circuits in the right and left atrium
hich are also frequently referred to as types of “atrial flutter.”
These circuits have been extensively and elegantly described in the
arch 2005 issue of Current Problems in Cardiology.2 Therefore, these

ircuits will not be further considered and in this review we will
oncentrate on focal AT.

pidemiology
Sustained AT is relatively rare. In asymptomatic young individuals, the
revalence of AT has been calculated to be 0.34%, with a prevalence of
.46% in symptomatic patients.3 AT accounts for 5 to 15% of adults
ndergoing electrophysiological studies,4-8 with higher rates in children.
utomatic AT tends to be a condition that affects the young, whereas AT
ue to microreentry is more common in older populations, although many
xceptions to this generalization occur.9 Older patients are more likely to
ave right-sided AT and multiple AT.9 In contrast to atrioventricular
odal reentry and atrioventricular reentrant tachycardia, there appears to
e equal numbers of males and females affected.4 In a cohort of patients
escribed by Kammeraad et al,10 nonautomatic AT occurred predomi-
ately in women. However, Chen et al11 did not note a gender difference.

linical Features
Focal AT is usually manifest by atrial rates between 130 and 250 beats
er minute (bpm), but may be as low as 100 bpm or as high as 300 bpm.
n general, younger patients tend to have faster AT, with rates up to 340

pm described in infants.12 The P wave morphology is usually different

30 Curr Probl Cardiol, October 2005
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o sinus rhythm but foci arising from the region of the crista terminalis
particularly the superior crista) may have morphology consistent with a
inus origin. The properties of the atrial focus may be similar to that of the
inus node in that they are responsive to changes in activity and
utonomic tone, with the rate varying according to activity. Rates during
leep may be up to 40 bpm less than those during waking hours.13

elvin M. Scheinman: The clinical characteristics of cristal tachycardias
ay mimic sinus tachycardia or may be mimicked by inappropriate sinus

achycardia (IST). IST is distinguished by characteristic clinical features as
ell as the 24-hour Holter recording and is well discussed later in the chapter.

The onset of symptoms may occur at any age, from birth through to old
ge. In a study which included adults and children, Rodriguez et al4

howed that the majority of patients had their first arrhythmic event
etween the ages of 10 and 39 years. Patients experience a variety of
ymptoms, including palpitations, dizziness, chest pain, dyspnea, fatigue,
nd syncope. Feeding problems, vomiting, and tachypnea may be seen in
oung children. Detection of AT is usually straightforward. Most patients
an be diagnosed by a routine ECG; however, those with paroxysmal AT
ay require Holter monitoring or a loop recorder. Nonsustained AT is

ommonly found on Holter recordings and is seldom associated with
ymptoms.

elvin M. Scheinman: Bursts of nonsustained atrial tachycardia are com-
only recorded in the Holter recordings of older individuals. These episodes

re frequently not accompanied by symptoms and hence do not require
herapy. While there is concern that this arrhythmia may presage the onset of
trial fibrillation, there are no data to suggest that such therapy will prevent
trial fibrillation. Judicious neglect of these arrhythmias would appear to be
he best strategy.

atural History of Atrial Tachycardia
Poutiainen et al3 demonstrated that a follow-up ECG on patients
iagnosed with AT 3 to 16 years earlier showed that 26% of patients
ontinued to have an ectopic atrial rhythm. Only 22% of patients were
aking antiarrhythmic medication. Some patients had a change in P wave
orphology suggestive of fusion of sinus and ectopic rhythms, leading

he authors to propose that the ectopic foci gradually degenerate and slow

ith time. Spontaneous remission has been reported in 24 to 63% of both
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dults and children following cessation of medical therapy.5,13-16 Klersy
t al5 investigated factors that predicted spontaneous remission. While on
nivariate analysis, the age of onset of the arrhythmia, heart rate during
achycardia, presence of a cardiomyopathy, and clinical presentation
paroxysmal versus permanent) predicted remission; following logistic
egression analysis, the only independent predictor was the age of onset
f the arrhythmia. In fact, the AT disappeared in 55% of patients under
he age of 25, compared to 14% of patients aged 26 or older. This has
een attributed to regression of AT resulting from abnormal automaticity,
more common mechanism in younger patients.

rognosis and Complications
The outlook of patients with focal AT is usually benign, with the

xception of patients with incessant forms (Fig 1), which may lead to
achycardia-induced cardiomyopathy.17 Chen et al9 analyzed the litera-
ure up until 1997 and reported that 63% of patients with focal AT had left
entricular dysfunction. Of these, 73% had tachycardia-induced cardio-

IG 1. Incessant atrial tachycardia. Note the long R-P interval. P waves are inverted in inferior
eads ruling out a sinus tachycardia. The differential diagnosis of this ECG includes atypical
fast-slow) AVNRT or AVRT with a slowly conducting accessory pathway (PJRT—permanent form
f junctional reciprocating tachycardia).
yopathy. Tachycardia-induced cardiomyopathy was caused by AT due

32 Curr Probl Cardiol, October 2005
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o abnormal automaticity in 80% of cases. Patients with faster heart rates
eem more likely to develop cardiomyopathy. However, it remains
nclear why some patients develop cardiomyopathy and others maintain
ormal left ventricular function. The cardiomyopathy usually reverses
pontaneously following correction of the tachycardia, with the majority
f patients achieving normal or near-normal left ventricular function.14,17

mbolic events and stroke have rarely been reported in patients with atrial
achycardia.18

elvin M. Scheinman: We have had patients present with severe myocardial
ysfunction referred for treatment of congestive heart failure and in several

nstances even placed on the heart transplant list due to a tachycardic
yopathy. Atrial tachycardia with 2:1 block where the second P wave is

idden within the QRS complex may mimic sinus tachycardia. Similarly,
ristal tachycardias may mimic persistent sinus tachycardia. Appropriate
reatment of these arrhythmias may improve or cure cardiac failure.

echanisms
Focal AT exhibits a wide range of electrophysiologic characteristics

hat reflect differing mechanisms. However, in the absence of a gold
tandard for determining tachycardia mechanism, these remain largely
escriptive. The three putative mechanisms of focal AT are automaticity,
riggered activity, and microreentry.
The initial mechanistic information came from excised atrial foci.
yndham et al19 demonstrated the presence of triggered activity in a

ight atrial appendage focus by pacing maneuvers in vivo and with in
itro microelectrode studies on the excised tissue. Abnormal automaticity
as also been similarly demonstrated in atrial foci.20,21

Most cases of AT, where histology was performed, showed normal
yocardium at the AT focus. However, abnormal myocardium has also

een observed.19,21-24 McGuire et al22 reported four patients with
bnormalities: two with extensive myocardial fibrosis and two with
yocyte hypertrophy and endocardial fibrosis. All had structural heart

isease. Other reports have found mononuclear cell infiltration, mesen-
hymal cell proliferation, islets of fatty tissue, thinning, and
lebs.19,21,23,24 These may produce the substrate required for microreen-
ry or abnormal automaticity.
In a comprehensive study by Chen et al,11 the mechanisms of AT were

valuated in 36 patients by a variety of pacing and pharmacologic

aneuvers. Automatic AT were identified in seven patients by the
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ollowing characteristics: (1) AT could be initiated only with isoproter-
nol; (2) programmed stimulation could not initiate or terminate AT; (3)
T could be transiently suppressed with overdrive pacing; (4) propran-
lol terminated all of the AT; (5) adenosine, dipyridamole, verapamil,
alsalva maneuver, carotid sinus massage, and edrophonium could not

erminate any of the AT; (6) monophasic action potential recordings did
ot find afterdepolarizations.
AT related to triggered activity occurred in nine patients with the

ollowing features: (1) the initiation of AT was reproducible with atrial
acing and was dependent on achieving a critical range of atrial pacing
ycle lengths; (2) just before the onset of AT, delayed afterdepolarizations
ere observed in the monophasic action potential recordings; (3) termi-
ation of AT was reproducible with programmed stimulation; (4) entrain-
ent was not found but overdrive suppression and overdrive termination
ere demonstrated; (5) adenosine, dipyridamole, propranolol, verapamil,
alsalva maneuvers, carotid sinus massage, and edrophonium terminated

ll of the AT.
AT due to microreentry were identified in 20 patients. Their character-

stics included the following: (1) AT could be reproducibly initiated and
erminated with programmed stimulation; (2) fulfillment of the criteria for
anifest and concealed entrainment; (3) the interval between the initiat-

ng premature beat and the first beat of AT was inversely related to the
remature coupling interval of atrial extrastimuli; (4) adenosine, dipyrid-
mole, and verapamil terminated the AT in most cases.
The limiting factor in the analysis of mechanisms is the significant
verlap in electrophysiologic characteristics. For example, programmed
timulation may initiate and terminate both triggered activity and micro-
eentry. However, while triggered activity may be dependent on cycle
ength, abbreviation of pacing cycle lengths may also predispose to
eentry.
The use of adenosine to differentiate between AT mechanisms has
rovided some inconsistent results. Engelstein et al25 demonstrated that
denosine did not terminate AT due to intra-atrial (macro) reentry;
uppressed but did not terminate automatic AT; terminated presumed
riggered activity in one case; and terminated sinus node reentry tachy-
ardia in all cases. Kall et al26 reported suppression but not termination in
4% of automatic AT, and termination in 38% of patients with AT in
eeping with triggered activity or microreentry. Haines et al27 observed a
omplete lack of response to adenosine in patients with intra-atrial reentry
achycardia. Chen et al11 demonstrated that AT due to (micro) reentry

erminated with adenosine in 89% of patients, that automatic AT were

34 Curr Probl Cardiol, October 2005
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ransiently suppressed in 57% of patients but without termination, and
hat all cases due to presumed triggered activity were terminated.
These apparent differences may be due to variations in tachycardia
efinitions. Intra-atrial reentry tachycardias have properties consistent
ith macroreentry, whereas sinus node reentry tachycardia has charac-

eristics more in keeping with microreentry. Results may also be compli-
ated by nonspecific effects of adenosine such as induction of atrial
xtrasystoles resulting in tachycardia termination.
On a theoretical level, adenosine might be expected to affect all three
otential mechanisms for focal AT. Adenosine inhibits intracellular
AMP generation, decreasing L-type calcium currents, resulting in
nhibition of catecholamine-stimulated afterdepolarizations, thereby sup-
ressing triggered activity.28 Microreentry has been suggested to involve
alcium-dependent atrial myocardium and would be suppressed by the
ame mechanism. Activation of the adenosine-sensitive potassium current
IKado) leads to hyperpolarization of the resting membrane potential and
otentially suppresses automatic activity.28

Two studies where there was strict differentiation between focal or
acroreentrant AT clarify the above results.29,30 Markowitz et al29

bserved that focal automatic AT were transiently suppressed but not
erminated with adenosine, and AT with characteristics consistent with
icroreentry or triggered activity terminated with adenosine. Macroreen-

rant AT were insensitive to adenosine. Iwai et al30 observed similar
esponses to adenosine but used three-dimensional electroanatomic map-
ing (CARTO) to delineate the tachycardia circuit, ensuring the AT were
ocal.
While the recent definition of focal AT1 identifies centrifugal activation,
iga et al31,32 used noncontact mapping to demonstrate that, in some
atients, activation from a focal point of origin was conducted over a
referential pathway to a break-out point. From this point, activation then
roceeded in a centrifugal pattern. The concept of preferential conduction
n the atrium is well described33 and should be differentiated from a
rotected isthmus. Ablation of these tachycardias was successful at the
ite of origin and the proximal portion of the preferential pathway rather
han more distally or at the breakout point.
Higa et al31 also demonstrated the existence of low-voltage zones,

uggesting the existence of localized atrial pathology or myopathy in
atients with atrial tachycardia. The majority of atrial tachycardias in this
eries originated within or on the border of a low-voltage zone. Many of

hese arose from the crista terminalis, which shows conduction anisotropy

urr Probl Cardiol, October 2005 535
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ith rapid linear conduction and slowed transverse conduction.34 Studies
f atrial activation using electroanatomic mapping in patients with sinus
ode dysfunction and patients with congestive cardiac failure have
emonstrated a similar phenomenon.35,36 It is possible that such abnor-
alities, albeit more localized, represent the substrate for focal AT.
onsistent with these observations, several studies have frequently found

ow-amplitude, fractionated electrograms at the site of successful ablation
n patients with focal AT, representing slowed conduction and possibly
trial pathology.37,38

The presence of structural heart disease may predispose to focal atrial
achyarrhythmias. Stambler et al39 demonstrated this by inducing con-
estive cardiac failure in dogs by rapid ventricular pacing. After a mean
f 20 days, sustained AT was inducible in 14 of 15 dogs. Pacing
aneuvers and the presence of delayed afterdepolarizations suggested

riggered activity, resulting from intracellular calcium overload, as the
ikely mechanism.

elvin M. Scheinman: The authors have well summarized the possible
echanisms of atrial tachycardia. It would appear that atrial macroreentrant

rrhythmias while not responsive to adenosine will frequently be associated
ith AV block. In our experience, this response is diagnostic of atrial

achycardia.
In addition, use of newer catheters with splines allowing for multiple

ecordings over small atrial sites will likely facilitate the diagnoses of
icroreentry. A preliminary report from Haissaguerre’s group suggests that
any focal tachycardias are due to microreentry.

Apart from the response to medications and pacing, the clinical
ignificance of the different tachycardia mechanisms is unknown. Chen et
l9 performed a literature search to determine whether mechanistic
nformation altered ablation outcomes in patients with atrial tachycardia.
T were categorized as either automatic or nonautomatic. Analysis found

hat the mechanism of AT did not predict successful ablation or
ecurrence of AT after the initial success.

iagnosis of Focal AT
The majority of focal AT can be diagnosed from the ECG. However,
ifferentiation of focal AT from other forms of SVT (AVNRT or AVRT)

r from macroreentrant atrial tachycardia may be difficult.

36 Curr Probl Cardiol, October 2005
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ocal AT versus Other Forms of SVT (AVNRT or AVRT)
AT may be difficult to differentiate from other forms of supraventricular

achycardia. This is particularly the case as atrial tachycardia can occur
ith either a short R-P interval or a long R-P interval, depending on the

achycardia rate and the speed of AV nodal conduction. It can therefore
imic either AVNRT or AVRT. Clues to the diagnosis include the

resence of an inferior P wave axis (this excludes AVRT or AVNRT as
t suggests an origin high in the atrium) or the ability to demonstrate
unhooking” or variability of the R to P relationship. In AVRT and
VNRT this relationship will be constant as it is integral to the

achycardia mechanism. In atrial tachycardia the R-P relationship is
ncidental and hence possibly variable. Automatic atrial tachycardias may
lso manifest with recurrent self-limiting bursts of tachycardia, which can
xhibit warm-up and cool-down phases (Fig 2).
In the electrophysiology laboratory a variety of tachycardia features and
acing maneuvers may be useful in the differentiation of AT from
trioventricular nodal reentrant tachycardia (AVNRT) and atrioventricu-
ar reentrant tachycardia (AVRT).40-49 In perhaps the most definitive
rticle on this subject, Knight et al50 investigated the diagnostic value of
hese features and pacing maneuvers in 196 patients with supraventricular
achycardia, of whom 25 had AT. Multiple baseline observations and
achycardia features were evaluated. Pacing maneuvers assessed included
trial pacing during SVT just below the tachycardia cycle length; atrial
acing during SVT at the longest cycle length that resulted in AV block;
entricular pacing during SVT just below the tachycardia cycle length;
urst ventricular pacing for three to six beats at a cycle length of 200 to
50 ms; and scanning diastole with a premature ventricular extrastimulus.
Although no single feature or maneuver could always identify atrial

achycardia, certain features were useful: AT required isoproterenol for
nduction more often than AVNRT or AVRT, although the predictive
alue was poor. Spontaneous termination of tachycardia with AV block
xcluded AT (seen in 28%). Surprisingly, the presence of AV block with
ersistent tachycardia did not discriminate between AVNRT and AT.

elvin M. Scheinman: The sequence of two atrial complexes following
entricular pacing during “apparent” entrainment is highly suggestive of atrial
achycardia. It is well to appreciate that patients with AV nodal reentry can
ave tachycardia termination with pacing and continued pacing may reinitiate
achycardia with an AAV sequence owing to conduction over a fast and then

low nodal pathway with reinitiation of tachycardia.

urr Probl Cardiol, October 2005 537
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In addition, advancement of the atrial complex during His bundle refracto-
iness proves the existence of an accessory pathway but does not exclude an
trial tachycardia mechanism with a bystander accessory pathway.
An inferior P wave axis excludes AVNRT but does not exclude an antero-

eptal accessory pathway, which can be associated with a retrograde P wave
ctivation with inferior axis.

An A-A-V response after ventricular pacing with atrial entrainment
nd an atrial activation sequence different to tachycardia were
iagnostic of atrial tachycardia (Fig 3). Inability to entrain the atrium
uring ongoing tachycardia due to VA block had an 80% positive-
redictive value for atrial tachycardia. Conversely, tachycardia termi-
ation during burst ventricular pacing that did not depolarize the

IG 2. Continuous 12-lead ECG showing abrupt onset of atrial tachycardia originating from the
stium of the coronary sinus. Note the sudden onset with warm-up over several beats and the
uperiorly directed P wave vector both ruling out sinus tachycardia. Note also that there is no
onstant R-P relationship ruling out AVNRT or AVRT. Also shown is that the P wave morphology
n V1, while initially appearing to be upright, when timed to onset of the P wave in inferior leads
ctually has an isoelectric component before the upright component. This appearance is
requently seen in tachycardias originating from the ostium of the coronary sinus and from the
eptum.
trium excluded the diagnosis of AT. When a premature ventricular

38 Curr Probl Cardiol, October 2005



b
m
d

p
n
v
o
b
p
A
t

F
S
c
c
s
f
a

C

eat was introduced during the His refractory period, either advance-
ent of atrial activation or tachycardia termination without atrial

epolarization excluded AT.
The presence of a fixed VA interval on the first beat after atrial
acing (within 10 ms of the VA interval during tachycardia) had a high
egative-predictive value for atrial tachycardia. However, this obser-
ation did not completely exclude AT as apparent VA linking may
ccur due to coincidental events. Conversely if the VA interval could
e “unhooked” after the cessation of pacing, then AT is likely to be
resent. However, variable VA conduction can occur after pacing in
VNRT and therefore this observation is not specific for atrial

IG 3. This figure shows ventricular pacing during tachycardia for the example shown in Fig 1.
hown are surface ECG leads I, II, V1, and V6 together with intracardiac recordings from the
oronary sinus (cs) and a halo catheter placed around the tricuspid annulus (TA). Note after
essation of pacing the last paced V is followed by an “entrained” A, followed by a
pontaneous tachycardia A and tachycardia V. This ventricular-atrial-atrial-ventricular response
ollowing the cessation of ventricular pacing with atrial entrainment is virtually diagnostic of
trial tachycardia.
achycardia.

urr Probl Cardiol, October 2005 539
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ocal Atrial Tachycardia versus Macroreentrant Atrial
achycardia
Most classically during focal atrial tachycardia, it is possible to observe
discrete P wave with an intervening isoelectric interval. However, when

he atrial rate is very rapid and if atrial conduction slowing is present,
here may be no isoelectric baseline and the appearance may mimic that
f macroreentrant atrial tachycardia. Conversely, while macroreentrant
trial tachycardia (and atrial flutter) frequently demonstrates a continuous
ndulation without an isoelectric period on the electrocardiograph,
atterns resembling focal atrial tachycardia (with an isoelectric period)
ave also been described. Ultimately, an electrophysiological study is
equired for a definitive diagnosis of focal AT.
In focal atrial tachycardia, endocardial mapping can localize the origin
f activation to a small area from which there is generally radial spread.
ccasionally, the presence of anatomic or functional barriers conduction
ay result in regions of preferential conduction. Nevertheless, in focal

trial tachycardia, intracardiac recordings demonstrate large portions of
he cycle length without activity, correlating with the isoelectric interval
n the surface ECG (Fig 4). Conversely, in macroreentrant atrial
achycardia it is generally possible to record activity throughout the
ength of the tachycardia cycle. Furthermore, while focal atrial tachycar-
ia due to microreentry may be successfully entrained, the ability to
ntrain an AT with characteristics of being “in the circuit” from two sites
2 cm apart is diagnostic of macroreentry.1

Of note, the rate ranges of both focal atrial tachycardia and macroreen-
rant atrial tachycardia are too wide to be reliably used for determination
f arrhythmia mechanism. As mentioned previously, the rate range of
ocal atrial tachycardia is usually between 130 and 250 bpm, but may be
s low as 100 bpm or as high as 300 bpm. Similarly, while macroreentrant
trial arrhythmias usually have a rate between 240 and 310 bpm,
onduction delays within the circuit due to either atrial pathology or use
f conduction slowing antiarrhythmics can slow the rate to �150 bpm.
Recently, with the advent of 3D mapping systems, circuits with
roperties between those of micro- and macroreentry have been de-
cribed. These reentrant circuits occur in a localized region with a
iameter of 1 to 2 cm and have been described around a pulmonary vein,
n the anterior left atrium, and in the septum. Evidence of markedly
lowed conduction is usually present and many of these patients have had

rior ablation procedures.

40 Curr Probl Cardiol, October 2005
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ite of AT Focus
It is recognized that focal atrial tachycardias do not occur randomly

hroughout the atria but rather have a characteristic anatomic distribution.
n the right atrium they tend to cluster around the crista terminalis,
oronary sinus, parahisian region, tricuspid annulus, and right atrial
ppendage. In the left atrium, the majority originate from the pulmonary
eins, with the mitral annulus, left atrial appendage, and left septum being
ess common.

rista Terminalis
Kalman et al37 demonstrated that approximately one-half to two-thirds
f right atrial tachycardias arise from the crista terminalis. The crista
erminalis is an area of marked anisotropy with poor transverse and rapid
inear conduction,34 creating a substrate for microreentry. In addition, the

IG 4. This figure shows intracardiac recordings during atrial tachycardia. Shown are surface
CG leads I, II, V1, and V6 together with intracardiac recordings from the coronary sinus (cs),
he His bundle, and 20-pole catheter placed along the Crista terminalis (CT). The tachycardia
n this case originated from the superior crista terminalis. Note that the recordings span only
pproximately 20% of the tachycardia cycle with electrical quiescence in between. This
lectrical quiescence corresponds with the isoelectric period on the surface ECG and is
haracteristic of focal atrial tachycardia.
inus node complex is located along the crista terminalis,51 and the

urr Probl Cardiol, October 2005 541
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resence of automatic tissue with anisotropy may favor abnormal auto-
aticity. Ablation of tachycardias arising from the superior crista

erminalis carries a small risk of damage to the right phrenic nerve with
ight diaphragmatic paralysis. Although most reports suggest that this is
ransient, prior to the application of radiofrequency, it is important to
erform atrial pacing at high output to ensure the diaphragm is not paced
ia stimulation of the phrenic nerve.

inus Node Reentry
Early descriptions of atrial tachycardia designated a group of tachycar-
ias as sinus node reentry. These tachycardias were defined as those that
ould be induced and terminated with programmed stimulation with P
ave morphology identical or similar to that of the sinus P wave.
owever, since these early descriptions, it is now well recognized that the

inus node is not a discrete structure but rather a diffuse pacemaker
omplex located along the long axis of the crista terminalis. As such the
inus P wave morphology varies markedly according to where on the
rista terminalis the focus arises. Atrial tachycardias have been described
rising from sites along the length of this structure. Finally, reentry
trictly limited to the histologic sinus node area has never been demon-
trated. For these reasons it may be best to include those tachycardias
reviously designated as sinus node reentry within the category of atrial
achycardia arising from the crista terminalis.52

oronary Sinus Ostium
The coronary sinus (CS) ostium is an unusual site of origin of AT,

ccounting for approximately 7% of patients undergoing AT ablation.53

istler et al53 observed that the focus tended to be on the superior and
osterior lips of the CS. The behavior of the AT was consistent with
icroreentry or triggered activity in 62% and automaticity in 38%. The

stium of the CS is characterized by the abrupt change in myocardial fiber
rientation in the region of the Thebesian valve.54 This region of change
n fiber orientation may potentially provide the anisotropic conduction
ecessary for the initiation of reentry.

trial Septum
Several authors have described series of patients with AT originating

rom the septum.55-60 The majority of these AT have features consistent
ith a reentrant mechanism. The behavior and location of the AT suggest

hat the AV node or its transitional tissues are involved in the origin of the

T. Due to its close proximity to the AV node, care needs to be taken to

42 Curr Probl Cardiol, October 2005
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void AV block during ablation. However, successful radiofrequency
blation is achievable in the majority of cases, without complication.

ricuspid Annulus
Morton et al61 described a series of patients with focal AT originating

rom the tricuspid annulus. These tricuspid annular AT comprised 13% of
consecutive series of right AT. Septal sites were excluded to clearly

istinguish these from tricuspid annular sites. In that report, the majority
f the AT foci were located in the inferoanterior segment of the tricuspid
nnulus but other reports describe foci from around the entire circumfer-
nce of the tricuspid annulus. The tachycardia characteristics were
onsistent with a microreentrant mechanism in 66% and an automatic
echanism in 33%. The presence of cells with AV-nodal-type character-

stics around the entire tricuspid annulus has been described in ani-
als.62,63 These cells were histologically similar to the atrial cells but

esembled nodal cells in their cellular electrophysiology, response to
denosine, and lack of connexin 43. They may also serve as the substrate
or AT originating from around the TA.

ulmonary Veins
The role of pulmonary vein (PV) ectopy in the pathogenesis of atrial
brillation has been well described.64 Whether AT from the pulmonary
eins represents the same process is unclear. Kistler et al65 described 27
atients with PV AT, comprising 16% of a total AT series. In contrast to
V AF, AT foci tend to be ostial, with longer cycle lengths. The majority
f AT (78%), as with PV AF, originated from the superior veins with a
maller percentage from the inferior veins. Unlike patients with PV
riggers and atrial fibrillation where there are usually multiple triggers in
ultiple veins, those patients whose sole clinical arrhythmia is atrial

achycardia appear to have an isolated or focal process and as such are
urable in the long term with focal ablation. In the group of patients with
ulmonary vein AT there was no tendency to develop further atrial
rrhythmias during long-term follow-up. Also, when patients with PV AT
resented with recurrence, in almost all instances this is from the original
ocus. The mechanism of pulmonary vein AT was most consistent with
bnormal automaticity. In this group, high success rates can be achieved
ith focal ablation.

elvin M. Scheinman: The authors’ laboratory has nicely distinguished the
ifferences between pulmonary vein tachycardia, which is associated with
nitiation of atrial fibrillation, versus pulmonary vein tachycardia. The latter
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rises from the ostium of the vein and they have shown that it is safe to ablate
hese tachycardias at the ostium. In contrast, circumferential ablation at
ultiple ostial sites or ablation within the vein carries a significant risk of
ulmonary venous stenosis and attendant risk of loss of pulmonary paren-
hyma.

itral Annulus
In the left atrium, the mitral annulus is the second most common

ocation of focal AT. In left atrial series, 28 to 36% of AT are located on
he mitral annulus.66,67 Kistler et al68 were the first to describe an unusual

itral annular site of origin from the region of the aorto-mitral continuity
n the region of the left fibrous trigone. In this series, seven patients (4%)
f a consecutive series of 172 right and left atrial AT had foci in this
nusual location.55,67,68 Gonzalez et al67 subsequently demonstrated that
arly in murine development the specialized conduction system ran
etween these two structures and hypothesized that remnants of this
ystem may provide the substrate for focal AT arising in this region. Wit
t al69,70 showed that muscle fibers of the anterior mitral valve leaflet are
ontinuous with the left atrial myocardium and these exhibit AV-nodal-
ype characteristics with both spontaneous automaticity and anisotropic
onduction properties, suggesting several potential tachycardia mecha-
isms.

ther Locations
Unusual sites of focal AT include the right atrial appendage, left atrial

ppendage,66 superior vena cava,71 body of the coronary sinus,72,73 fossa
valis, and the left side of the septum.59

Wave Morphology
The P wave morphology of focal AT is determined by the site of origin
f atrial activity and the pattern of atrial activation and can provide useful
lues to the likely site of tachycardia origin. Studies looking at P wave
orphology have mainly involved patients with structurally normal atria.
hese P wave configurations cannot be extrapolated to patients with
bnormal atrial anatomy. Analysis of P wave morphology is frequently
ompromised by being totally or partially obscured by the preceding T
ave. When evaluating the P wave morphology, it is very important to

nalyze the initial P wave vector and ensure that this is not partially
bscured by the T wave. To this end, we have included for analysis only
hose P waves clearly preceded by an isoelectric baseline. When neces-

ary, the P wave may be separated from the T wave by vagal maneuvers,
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denosine, or following termination of ventricular pacing (Fig 5). Anal-
sis of the P wave morphology is also limited by its spatial resolution.
an et al74 assessed the spatial resolution of P wave morphology using

nipolar atrial pace mapping at different sites. Pacing at sites as far apart
s 32 mm in the coronary sinus and 17 mm in the right atrium resulted in
waves identical in appearance.
Notwithstanding these limitations, P wave morphology can provide
seful clues to tachycardia location.

elvin M. Scheinman: An additional confounding problem of matching the
wave to the site of origin of atrial tachycardia is that the P wave

onfiguration is in large part dependent on left atrial activation. Hence despite
ifferences in site of origin, similar sequences of left atrial activation may yield
early identical P waves. For example, flutter waves in patients with typical
ounterclockwise flutter may be similar to those with foci in the coronary
inus muscle.

he Sinus P Wave
Physiologically, the sinus node is not a discrete, localized structure but

IG 5. Continuous 12-lead ECG of a patient with left septal atrial tachycardia. Note the difficulty
n assessing P wave morphology when the P wave is buried within the T wave. In this case a
urst of ventricular pacing separated the P waves off the T wave allowing clear assessment of

he P wave morphology. This may also be achieved with vagal maneuvers or adenosine.
n fact the sinus P wave arises from a pacemaker complex which extends
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rom the junction of the superior vena cava and right atrial appendage,
long the sulcus terminalis virtually to the inferior vena cava.51 In patients
ith normal sinus node function the sinus node activity is located in the

uperior two-thirds or spans the length of the crista terminalis and the
inus node impulse exits simultaneously on either side of the crista
erminalis, with rapid activation in both septal and anterior directions.36

Schamroth75 described the sinus P wave as pyramidal in shape, not
xceeding 2.5 mm in height or 110 ms in duration in any standard leads.
he normal mean frontal plane axis ranges from 0 to �70°; however, it

s usually between �40 and �60°. The P wave is therefore tallest in lead
I. With the mean frontal axis between �30 and �60°, leads I, II, III,
VF, and aVL have positive deflections. Movement of the heart due to
espiration may slightly alter the P wave axis, especially in lead aVL if the
xis is �60° and lead III if the axis is �30°. In both these leads the P
ave may be positive, isoelectric, or negative. In lead V1, the P wave is
iphasic, initially positive followed by a slightly larger negative deflec-
ion.

inus Tachycardia versus AT
The P wave morphology of sinus tachycardia is identical to the sinus P
ave (Fig 6). Differentiating AT from sinus tachycardia on the ECG can

t times be difficult, particularly for tachycardias originating at the
uperior crista terminalis. Although the P wave in AT usually has a
ifferent morphology to the sinus P wave, in AT from the superior crista
erminalis these differences may be subtle (Fig 7). Frequent spontaneous
ctopic activity or nonsustained bursts of tachycardia may allow a direct
omparison if the tachycardia P wave is visible. Like sinus rhythm, focal
T may have a long R-P interval, defined as greater than 50% of the R-R

nterval, but at very rapid rates with AV nodal conduction delay the
pparent R-P may be short. An abrupt onset and termination of the
achycardia or warm-up and cool-down over three to four beats favors
T, whereas sinus tachycardia gradually increases and decreases in rate
ver approximately 30 seconds to several minutes.

T versus AVNRT/AVRT
The most important differentiating factor on ECG between AT and
VNRT and AVRT is the R-P relationship. Both typical AVNRT and
VRT have a short R-P interval which does not vary (the former

uperimposed on the QRS and the latter in the ST segment) and the P
ave morphology usually cannot be clearly discerned (Figs 8 and 9). In

T there is no fixed relationship between the R and P wave and
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unhooking” of the R-P (when present) invariably indicates atrial tachy-
ardia. AT most usually is associated with a long R-P interval but may
ave a short R-P at rapid rates. Both atypical AVNRT and a concealed
ccessory pathway with slow retrograde conduction may have long R-P
ntervals but both of these will exhibit a superiorly directed P wave
ector. While the P wave vector may also be superiorly directed for atrial
achycardias originating from the CS ostium and annular structures, other
trial tachycardias will demonstrate an inferior vector which effectively
xcludes atypical AVNRT or AVRT.

ight AT versus Left AT
The two leads which have been shown to be the best discriminators
etween foci originating in the left and right atrium are V1 and aVL.76,77

ang et al76 assessed P wave morphology in 31 patients, 14 with left atrial
oci. All but one of the left atrial AT had a positive P wave in V1. This
s due to the posterior midline location of the left atrium and subsequent
nterior activation. The criterion that a positive P wave in V1 indicates a

IG 6. Continuous 12-lead ECG of sinus tachycardia at 150 bpm from a patient with
nappropriate sinus tachycardia. This ECG appearance is indistinguishable from an atrial
achycardia originating from the superior crista terminalis. The differentiation is made on a
umber of clinical and electrophysiologic criteria (see text).
eft atrial focus had a sensitivity of 93%, specificity of 88%, positive-
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redictive accuracy of 87%, and negative-predictive accuracy of 94%. A
egative P wave in V1 predicted a right atrial focus. Care must be taken
o observe the initial P wave vector as P waves in V1 with an initial
soelectric segment followed by an upright component frequently indicate
n origin near the coronary sinus ostium or from the right septum. If the
soelectric segment is overlooked and the P wave is simply described as
pright, this will lead to incorrect localization to the left atrium. A
ositive or biphasic P wave in lead aVL indicates a right atrial focus with
sensitivity of 88%, specificity of 79%, positive-predictive accuracy of

3%, and a negative-predictive accuracy of 85%.
While these criteria are useful to predict general regions of AT foci,

ertain anatomic locations tend to be associated with specific P wave

IG 7. Bursts of atrial tachycardia from the high medial extent of the crista terminalis. This
emonstrates the similarity in P wave morphology between sinus rhythm and atrial tachycardia
rom this region. Note in this example that tachycardia warms up over two to three beats with
ight coupling such that the P wave falls in the preceding T wave. This appearance and behavior
ules out sinus tachycardia. A. Beat of atrial tachycardia. B. Sinus beat.
orphologies.
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rista Terminalis
Due to the length of the crista terminalis, there is a variety of P wave
orphologies from AT foci located on this structure. The majority of AT

rom the mid and superior crista terminalis have biphasic P waves in lead

1, similar to the sinus P wave, with an initial positive component
ollowed by a negative component.37 AT from the low crista terminalis
ften have negative P wave in V1. The P wave in lead I is positive from
ost cristal sites. Lead aVR is negative. Tada et al78 used this to

ifferentiate posteriorly located cristal sites from more anteriorly located
ites in the right atrium which had upright P waves in aVR. Foci located
n the superior crista terminalis have positive P waves in the inferior
eads, whereas the P waves are isoelectric or biphasic in these leads for
id cristal locations and negative for inferior foci.

oronary Sinus Ostium
Tachycardia foci from the CS ostium have characteristic P wave
orphology in the precordial leads. Lead V1 has an initial component

IG 8. 12-Lead ECG of atrioventricular nodal reentrant tachycardia (AVNRT). Note the short R-P
nterval which remains constant. In this case the P wave is seen at the end of the S wave in lead
1 (arrow). Due to the superimposition of the QRS complex, morphological assessment of the
wave is virtually impossible.
hich is either isoelectric or mildly inverted followed by an upright
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omponent (Fig 10).53 Across the precordial leads the initial component
ecomes more negative and the second component becomes isoelectric.
ead aVL is positive and the P waves are deeply negative in the inferior

eads. The P wave morphology is similar to that of typical atrial flutter,
hich has an exit zone at the CS ostium.79 Foci located within the body
f the CS will have a P wave in V1, which is upright from the onset
ithout an isoelectric segment, and P waves are frequently upright across

he precordial leads.

trial Septum
AT originating from the anterior and mid septum have narrower P
aves than during sinus rhythm.57,59 Lead V1 is isoelectric or biphasic,
ith an initial negative or isoelectric component, followed by a positive

omponent. Anteroseptal foci have positive P waves in the inferior leads,
hereas midseptal foci tend to be negative.58 The majority of left septal

oci have a completely positive P wave in V1, but the morphology may be

IG 9. 12-Lead ECG of orthodromic atrioventricular reentrant tachycardia due to a left lateral
athway. In this case the P wave is seen just prior to the peak of the T wave (arrow). Note the
-P interval is longer than in AVNRT. P wave morphology is difficult to assess due to the
resence of the T wave.
ariable (Fig 11).57,59
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ricuspid Annulus
Tricuspid annular AT have negative P waves in V1, which may also be
otched (Fig 12).61,78 This is due to the anterior location of the tricuspid
nnulus, resulting in atrial activation in the posterior direction, away from

1. Lead aVL is invariably positive. The morphology of the P wave in the
ther leads depends on the site of the focus on the tricuspid annulus.
nferior foci tend to have negative P waves in leads II, III, and aVF,
hereas superior foci are usually isoelectric or positive. Foci from the

djacent right atrial appendage have similar P wave morphologies to the

IG 10. Atrial tachycardia from the coronary sinus ostium and the superior mitral annulus at the
ortic-mitral continuity. Note the similar P wave morphologies in lead V1 and the precordial

eads. Atrial tachycardia from the CS os has negative P waves in the inferior leads and a
ositive P wave in lead aVL. Atrial tachycardia from the superior mitral annulus at the
ortic-mitral continuity has low-amplitude P waves in the limb leads. Lead aVL is negative and

he inferior leads are positive.
uperior tricuspid annulus.
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ulmonary Veins
Focal AT from the pulmonary veins (PV) have a positive P wave across

he precordium, from V1 to V6 (Fig 13).65,76 P wave characteristics assist
n the localization of the focus to a particular PV. P waves from the
eft-sided PVs are generally broad in V1 and are notched, particularly in
he inferior leads, but also in V1.65 A positive P wave in lead I is highly
uggestive of a focus in the right-sided PV and an inverted P wave

IG 11. P waves from atrial tachycardias located on the left side of the septum and left atrial
ppendage. Note the initial negative deflection in lead V1 of the P wave from the left septum.
he morphology is similar to atrial tachycardia from the aortic-mitral continuity and CS os. P
aves originating from the left atrial appendage are similar to those from the left upper
ulmonary vein. The P waves in the inferior leads and V1 are positive, broad, and notched.
ead I is often more negative than those P waves from the left upper pulmonary vein.
uggestive of a left-sided PV. An upright P wave in aVL is consistent with
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right-sided PV focus.65,66,77,80 However, right-sided PV may also have
egative P waves in aVL.65,76 Left pulmonary vein sites generally have
roader P waves than right-sided pulmonary vein sites.65 An algorithm by
llenbogen and Wood81 used a P wave duration of �80 ms to differen-

iate left pulmonary veins from right. The inferior leads may be used to
ifferentiate superior from inferior PV sites as the P waves from the
uperior PV are upright with high amplitude with lower amplitude P
aves from the inferior PV. Foci from the left atrial appendage have
ositive P waves in lead V1 and a similar appearance to foci from the left
pper PV but are deeply negative in lead I (Fig 11).

itral Annulus
Kistler et al68 demonstrated that AT from the superior mitral annulus at

IG 12. P wave morphology of atrial tachycardia from the inferoanterior tricuspid annulus (TA),
uperior TA, and the right atrial appendage (RAA). P waves from the TA are negative in the
recordial leads. Note the bifid appearance of the P wave in the precordial leads, commonly
een in these sites. Inferior locations have negative P wave in the inferior leads. Superior
ocations and those arising from the right atrial appendage (RAA) have low-amplitude P wave
n the inferior leads. Note the similarity between the superior TA and the RAA, consistent with
heir proximity.
he aorto-mitral continuity had biphasic P waves in V1, with an initial
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harp negative deflection followed by positive deflection (Fig 10). P
aves in the limb leads for AT at this site are of low amplitude, with
egative P waves in aVL and positive P waves in the inferior leads.66-68

nappropriate Sinus Tachycardia
Inappropriate sinus tachycardia (IAST) is a poorly defined clinical

IG 13. P waves originating from the left superior pulmonary vein (LSPV), left inferior pulmonary
ein (LIPV), right superior pulmonary vein (RSPV), and the right inferior pulmonary vein (RIPV).
eft-sided pulmonary veins are characterized by notching of the P waves in the inferior leads
nd lead V1, significantly broader V1, and isoelectric or negative lead I. Large-amplitude P
aves in the inferior leads suggest a superior vein, low-amplitude or isoelectric P waves suggest

nferior veins. (From Kistler et al. Circulation 2003;108:1968-75. Reproduced with permis-
ion.65)
yndrome characterized by an elevated resting heart rate, exceeding 100
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pm, or an exaggerated heart rate response to exercise or stress.82-86 The
iagnosis can be made after documentation of (1) the presence of a
ersistent sinus tachycardia (heart rate more than 100 bpm) during the day
ith an excessive rate increase in response to activity and nocturnal
ormalization of rate as confirmed by 24-hour Holter monitoring; (2) the
achycardia and symptoms are nonparoxysmal; (3) the P wave morphol-
gy and endocardial activation are identical to sinus rhythm; (4) exclusion
f a secondary systemic cause (eg, hyperthyroidism, pheochromocy-
oma).87 Patients are generally young women, aged between 20 and 45
ears, with a diverse range of symptoms, including palpitations, dyspnea,
hest discomfort, and presyncope.83,86 The degree of disability can vary,
rom asymptomatic patients to those completely incapacitated. A high
roportion of patients are health care professionals.88 Clinical diagnosis
nvolves careful correlation between symptoms and documented tachy-
ardia and exclusion of secondary causes and atrial tachycardia.
The underlying mechanism of inappropriate sinus tachycardia is not
ell understood. This is partly related to the heterogenous nature of the

ondition. Suggested mechanisms include enhanced intrinsic automatic-
ty, enhanced sympathetic tone, increased sympathetic receptor sensitiv-
ty, and reduced parasympathetic tone.83,84,89 There is overlap with
nother dysautonomic syndrome, postural orthostatic tachycardia.90

Electrophysiological findings include the demonstration of an automatic
echanism, with gradual increase in rate in response to isoproterenol and

radual decrease in rate when sympathetic stimuli are removed. The
achycardia is unresponsive to programmed stimulation. Inappropriate
inus tachycardia can at times be difficult to differentiate from a focal
trial tachycardia arising high on the crista terminalis. In comparison to
AST, focal AT (1) has sudden onset and termination; (2) frequently
emonstrates tightly coupled activity with the P wave in the T wave at the
ime of onset. In contrast, IAST has gradual increase in rate; (3) has a
xed site of origin. Speeding may occur in response to isoproterenol but
ite of origin does not alter. In contrast, in IAST the sites of activation
hift superiorly along the crista with isoproterenol; (4) demonstrates
ormal heart rate in between paroxysms of atrial tachycardia.
The use of pharmacological therapy depends on the degree of disability.
he ACC/AHA/ESC Guidelines for the Management of Supraventricular
rrhythmias88 advocate the use of beta-blockers as the initial choice,

lthough no randomized, double-blinded, placebo controlled trials exist.
erapamil and diltiazem may also be effective.88 A significant proportion
f patients fail medical therapy and these patients have been offered

adiofrequency ablation.82,85,86,90 Mapping should be undertaken on
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soproterenol, searching for the site of earliest activation, located at the
ost superomedial region of the crista terminalis. Ablation of the sinus

ode is continued inferiorly until there is a reduction in the sinus rate of
5%.82 Sinus node modification is not a focal ablation and Marrouche et
l86 estimated the ablated area to measure 12 by 19 mm. Care needs to be
aken to avoid phrenic nerve damage.82,85,86

Different studies have used different mapping and ablation techniques.
ee et al82 used activation mapping and intracardiac echocardiography to
efine the region of the sinus node. The use of intracardiac echocardiog-
aphy reduced the number of radiofrequency applications and fluoroscopy
ime. Marrouche et al86 used three-dimensional mapping (CARTO) to
dentify the target site of ablation, with an acute success rate of 100%.

an et al85 demonstrated that the use of activation mapping alone could
nly ablate 76% of patients successfully. Prior to ablation, evaluation of
utonomic function is required as there appears to be little improvement
n these symptoms. Shen et al90 performed sinus node modification on
atients with inappropriate sinus tachycardia and postural orthostatic

ABLE 1. Patient and atrial tachycardia characteristics from series of focal atrial tachycardias
reated with radiofrequency ablation

No. of
patients

No. of
AT

Male
(%)

Mean
age

Structural
HD (%) Mechanism

TCL
(ms)

alsh et al24 12 12 NA 12 100 12A NA
hen et al129 7 10 86 57 29 10R 406
ay et al125 15 16 47 50 40 9A/2NonA/4SNR NA
oldberger et al130 15 15 47 38 33 11A/4R 372
racy et al112 10 # 70 32 30 NA 364
hen et al11 36 43 69 57 31 27R/7A/9T 373
esh et al38 14 15 NA 36 57 3SNR/12A 374
ang et al123 12 14 33 33 25 12A/2SNR 400
oty et al124 36 # 39 40 36 16R/2A NA
appone et al114 45 45 56 29 51 45A 335
atale et al115 24 29 42 59 NA NA NA
alman et al37 27 31 37 41 11 NA 378
nguera et al128 105 105 30 48 17 40R/23A/42unk 385
eiss et al118 15 15 40 51 0 NA 379
chmitt et al121 10 10 50 55 70 2A/8NonA NA
offmann et al116 42 45 33 51 10 15A/30NonA 373
ammeraad et al10 38 45 18 46* 0 45NonA 380
iga et al31 13 14 54 45 23 NA 394

eries of atrial tachycardias from specific sites are not included. Only patients with focal atrial
achycardia are included. AT, atrial tachycardia; TCL, tachycardia cycle length; NA, not
vailable; A, automatic; R, reentry; T, triggered; NonA, nonautomatic; SNR, sinus node reentry;
� 3 patients had multiple AT; *median.
56 Curr Probl Cardiol, October 2005
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achycardia. Despite a reduction in heart rate following ablation, symp-
oms related to autonomic dysfunction were unchanged. Short-term
uccess rates can be accomplished in between 70 and 100% of patients
ith inappropriate sinus tachycardia; however, long-term outcomes have
een disappointing.82,85,86,90 Indeed, in view of the high late recurrence
ates and the probability that the mechanism of tachycardia is not intrinsic
o the sinus node in may patients we have largely abandoned this
rocedure in our institution. A new selective If current inhibitor, ivabra-
ine, developed for use in angina, slows the sinus rate and may have a role
n therapy.91

elvin M. Scheinman: The diagnosis of IST should properly be made on the
asis of clinical criteria as outlined by the authors. The invasive EP laboratory
valuation adds little. I fully agree with the pessimistic outlook relative to the
alue of catheter ablation of the sinus node with respect to achieving
ong-term control of the arrhythmia.

ultifocal Atrial Tachycardia
Multifocal atrial tachycardia (MAT) has been defined as a rhythm with

n atrial rate �100 bpm, at least three morphologically distinct P waves,
rregular P-P intervals, and an isoelectric baseline between P waves.92

here is debate regarding whether there needs to be two or three distinct
waves in addition to the sinus P wave.93,94 MAT most commonly

ccurs in elderly patients during an acute exacerbation of chronic
ulmonary disease. It appears to be a poor prognostic marker,92 although
he high mortality rate is likely to be due to the severe underlying illnesses
ather than the arrhythmia itself. MAT is thought to be due to triggered
ctivity from increased intracellular calcium produced by hypoxemia,
ypokalemia, acidemia, and high levels of catecholamines.95,96 The
ornerstone of treatment is reversal of the precipitating cause and
reatment of the underlying condition. If the tachycardia persists, careful
valuation of the clinical significance of the arrhythmia is required prior
o antiarrhythmic therapy. Metoprolol has been shown to be more
ffective than verapamil in treating MAT but is frequently contraindi-
ated in this population. Arsura et al97 compared verapamil and meto-
rolol in a randomized, double-blind, placebo-controlled trial. A response
o therapy was seen in 20, 44, and 89% of patients treated with placebo,
erapamil, and metoprolol, respectively. Metoprolol was more effective
han verapamil for rate control. Metoprolol should be first-line therapy,

lthough care needs to be taken as it may worsen bronchospasm.
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igh-dose magnesium has also been shown to be effective. McCord et
l98 performed a single-blind, placebo-controlled trial of intravenous
agnesium in patients already on antiarrhythmic therapy. Four of nine

atients in the magnesium group and none of the five patients in the
lacebo group were in sinus rhythm at the end of the infusion. Studies on
he use of verapamil have shown inconsistent results.96,97,99 DC cardio-
ersion and focal radiofrequency ablation have not proven effective in
his patient population. However ablation of the AV node and pacemaker
nsertion could be considered if other measures fail.

anagement
The efficacy of various therapies is difficult to assess because the

linical definition of focal AT is often difficult to rigorously apply and no
arge studies have evaluated the effect of nonablative therapies on focal
T (Table 1).

cute Treatment
Vagal maneuvers are generally unsuccessful in terminating focal AT.
he role of DC cardioversion is also limited. Automatic AT is unrespon-
ive to DC cardioversion,100 although it may be successful for those
hose mechanism is microreentry or triggered activity. Similarly, over-
rive pacing suppresses automatic AT but does not result in termina-
ion,11,101 whereas it is often successful in AT due to microreentry and
riggered activity.11 As discussed earlier, focal AT may be adenosine
ensitive. Atrial tachycardia due to microreentry and triggered activity is
requently terminated, and transient suppression of automatic AT is often
een.11

AV-nodal blocking agents are useful in controlling the ventricular rate.
ntravenous beta-blockers may also terminate AT due to abnormal
utomaticity and triggered activity.11,16 Nonautomatic AT are also
requently terminated by verapamil.11 Class Ic drugs may suppress
utomaticity or prolong action potential duration and several studies have
hown these to be efficacious in terminating focal AT.102-104

ong-Term Pharmacological Therapy
The available studies regarding long-term medical therapy of focal AT

re observational, with small numbers. Most focus on automatic AT, and
here are few involving adults, with children and infants comprising the
ajority of the patients. There is widespread agreement that antiarrhyth-
ic agents have low efficacy in the treatment of focal AT.
The ACC/AHA/ESC Guidelines for the Management of Supraventric-

lar Arrhythmias88 recommend the use of calcium channel blockers and
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eta-blockers as first-line agents due to their low side-effect profile.
ehta et al16 found that in patients on digoxin the addition of propranolol

uppressed the AT in 5 of 10 children. This is similar to results of other
ediatric studies14,105; however, the use of beta-blockers alone in adults
ppears to have no effect.106 Prager et al106 also observed verapamil to be
ompletely ineffective. These medications, along with digoxin, have a
ole in controlling the ventricular rate.
Class Ia, class Ic, and class III agents are regarded as second-line

gents.88 Studies have demonstrated success rates of only 10 to 20% with
uinidine and procainamide, with acceleration of the tachycardia some-
imes observed.16,106 Class Ic medications appear relatively efficacious.
n 13 patients, Kuck et al103 showed flecainide completely suppressed the
T in seven patients, with partial suppression in another five patients. Its

ffectiveness has been confirmed by some studies102,107 but not oth-
rs.13,106 Other class Ic agents, encainide and propafenone, have shown
ome success.13,100,102,104,108 The class III antiarrhythmic drugs, sotalol
nd amiodarone, appear to provide the best results. In five patients who
ad failed a mean of three antiarrhythmic drugs, the addition of sotalol to
igoxin suppressed the AT in all patients.109 Several investigators have
eported a good response of automatic AT to amiodarone16,110,111;
owever long-term therapy may be limited by its side effects.
In view of the limited long-term efficacy of pharmacologic therapy,

adiofrequency ablation may be considered a first-line therapeutic modal-
ty for patients with significant symptoms.

apping and Ablation
A range of different techniques have been used for mapping and

blation of focal atrial tachycardia.

ndocardial Activation Mapping
Endocardial activation mapping is the most commonly used technique

o identify the location of the AT focus. In our center, endocardial
ctivation mapping begins with catheters placed in the bundle of His area
nd the coronary sinus. Other specially designed catheters which accom-
odate specific structures, the 20-pole Cristal (crista terminalis) catheter

nd Halo (tricuspid annulus) catheter, may help to locate the focus.
owever, precise localization must be achieved with detailed mapping in

he region of interest. Generally activation time of �20 to 30 ms before

he P wave are observed at successful sites but this is highly variable.
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hen P wave onset cannot be consistently observed, mapping can be
erformed to a stable intracardiac fiducial point with a known relationship
o P wave onset.
A complementary method is the so-called leap-frog mapping technique
hereby two ablation catheters are moved alternately to identify a site of

arlier activation. Once a site is located, the catheter becomes a reference
oint and the other searches for a site of even earlier activation.
The close proximity of the posterior right atrium and the right
ulmonary veins can produce similar endocardial activation sequences for
achycardias in these two locations. Yamada et al77 used a multielectrode
atheter to show double potentials in the posterior right atrium in patients
ith AT from these sites. During tachycardia, if the amplitude of the first
otential was greater than that of the second potential, this indicated a
ight posterior atrial focus. Right PV foci demonstrated a larger second
otential than first potential. Analysis of the P wave configuration showed
hat lead V1 was the best ECG lead to differentiate between these sites.

aced Endocardial Activation Sequence Mapping
Paced activation sequence mapping has been used to complement

ctivation mapping. The ablation catheter is maneuvered to a position
here the paced activation sequence reproduces the spontaneous endo-

ardial sequence (Fig 14). Tracy et al112 matched the paced endocardial
ap to the spontaneous map for right atrial tachycardias. Using this

echnique combined with activation mapping, they reported a success rate
f 80%. Paced activation sequence mapping may be helpful when the
achycardia is nonsustained or difficult to induce. Using a standardized set
f right atrial catheters, Deen et al113 demonstrated a characteristic right
trial activation map created by pacing each pulmonary vein corre-
ponded closely with the map from the same pulmonary vein during rapid
trial tachycardia and initiation of focal AF. The pulmonary vein of origin
ould be distinguished on the basis of this characteristic pattern.

echanical Interruption
Pappone et al114 evaluated the predictive value of intentionally applying
ressure to identify successful ablation sites. Mechanical interruption was
bserved in 76% of successful ablation sites but also in 28% of
nsuccessful sites, with a sensitivity, specificity, and positive-predictive
alue of 76, 71, and 45%, respectively. In this study, mechanical
nterruption was nevertheless a better predictor of success than pace
apping or an activation time to P wave of �30 ms. It also improved the
pecificity and positive-predictive value of the other techniques.
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ew Mapping Techniques
The advent of 3D mapping systems has simplified the mapping and

blation of focal atrial tachycardia and allowed a significant reduction in
uoroscopic time and radiation exposure. The three-dimensional electro-
natomic system (CARTO; Biosense Webster) is based on sequential
apping technology allowing detailed reconstruction of chamber geom-

try and activation sequence. Natale et al115 demonstrated that electro-
natomic mapping was able to quickly and accurately construct a 3D
eometry of the chamber and map the location of the AT focus. A number
f studies have demonstrated the ability of electroanatomic mapping to
rovide a high-resolution map in the region of earliest activation and
recisely locate the focus in relation to endocardial geometry (Fig

IG 14. Activation mapping and pace mapping in a patient with atrial tachycardia originating
rom the left lower pulmonary vein. Shown are the surface leads I, aVF, V1, and V6 with
ntracardiac recordings from a His catheter, CS catheter, 20-pole crista catheter, and an
blation catheter. In this case the fiducial point was activation of CS 1,2, which had a known
elation to the onset of the P wave. The pulmonary veins were mapped with the ablation catheter
nd the site of earliest activation was at the left lower pulmonary vein, 60 ms ahead of the
ducial point (left panel). Pacing from this site reproduced the activation sequence of the
pontaneous beat (right panel). The application of radiofrequency at this site was successful.
From Deen et al. J Cardiovasc Electrophysiol 2002;13:101-7. Reproduced with permis-
ion.113)
5).115-119 The main limitation is the requirement for regular ectopics or
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ustained tachycardia. Hoffmann et al116 found that in 12% of patients
lectroanatomic maps were unable to be constructed due to nonsustained
r noninducible tachycardia.
The noncontact mapping system (EnSite; Endocardial solutions, St
aul, MN) consists of 64 wires mounted on a 7.6-mL balloon.120 This
llows reconstruction of chamber geometry and simultaneous recording
f �3300 virtual unipolar electrograms enabling entire activation from a
ingle beat. One of the primary difficulties in mapping atrial tachycardia
s its noninducibility in a proportion of patients. For the patient with
nfrequent atrial tachycardia activity, the noncontact mapping system
llows an ideal solution, providing detailed maps from isolated beats and
rom nonsustained AT.31,32,121 Schmitt et al121 used noncontact mapping
o identify the site of earliest activation and found that analysis of only a
ew tachycardia cycles was required to localize the tachycardia origin.
he nonfluoroscopic guiding feature of the system was then used to move

he catheter to the target site for ablation.

IG 15. 3D electroanatomic (CARTO) maps in a patient with an atrial tachycardia originating
rom the tip of the right atrial appendage. The left panel shows an anterior-posterior view of the
ight atrium. The right panel views the right atrium from the left anterior oblique view. The yellow
ot localizes the His position. Note the centrifugal activation from the site of origin (red to blue)
nd the precise localization of the focus in relation to endocardial geometry. The red dots

ndicate the sites of radiofrequency ablation. TA � tricuspid annulus; CS os � coronary sinus
stium.
Multielectrode basket catheters have also been used to help map
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onsustained AT. Schmitt et al122 used a 64-electrode basket catheter to
ap the right atrium in patients with a variety of AT. The basket catheter
as able to be deployed in all patients and stable electrograms were

ecorded from 88% of the electrodes. Of note, in 60% of cases, no earlier
ctivity than that reflected with the basket catheter could be found with a
oving standard catheter. However, good contact was not achieved in the
egions of the isthmus, right atrial appendage, and superior vena cava.
his may limit mapping of AT from these structures.

haracteristics of the Ablation Signal
Several criteria have been proposed to identify the AT focus. Fraction-

ted electrograms are frequently found at the successful ablation
ite31,37,38,56,123; however not all studies have reported this.24,124,125 In
atients with AT located mainly on the crista terminalis, Kalman et al37

bserved fractionated signals at the site of successful ablation. In studies
y both Lesh et al38 and Wang et al,123 a fractionated ablation signal was
een in a variety of right and left atrial sites. Fractionated electrograms
ay reflect localized abnormalities in atrial conduction, with poor

ell-to-cell coupling causing slowed conduction from a poorly coupled
utomatic focus or small reentrant circuit. Lesh et al38 suggested that the
ncoupling between the normal surrounding atrial myocardium and an
utomatic focus may be a required element in the arrhythmia mechanism
n some cases.
Unipolar recordings have also been used to successfully identify the site
f tachycardia origin.124,126 The presence of a pure negative deflection
QS-pattern) with a rapid initial slope theoretically localizes the site of
rigin of the AT (Fig 16). Tang et al126 analyzed the unipolar electrogram
t both the successful and the unsuccessful ablation sites of focal AT. All
he successful sites were characterized by the presence of the QS
orphology. An RS pattern was observed at unsuccessful sites. Poty et

l124 reported an acute success rate of 86% using unipolar recordings to
dentify the target site for ablation.

ocal Ablation
Catheter ablation by direct current shocks directed to atrial foci was first

eported in 1985.127 With the advent of radiofrequency ablation this has
ecome the treatment of choice in patients with significant symptoms. AT
blation series have reported success rates between 69 and 100% (Table
).10,11,24,31,37,38,112,114-116,118,121,123-125,128-130 Recurrence rates are gen-
rally low, varying between 0 and 33%. In an analysis of 16 studies by

hen et al,9 the recurrence rate was 7%. In that study, the authors
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nalyzed predictors of success of radiofrequency ablation. A right atrial
ocation was the only independent predictor of successful radiofrequency
blation. In contrast, Anguera et al128 noted that patients who were male,
ad multiple foci, and had repetitive forms of AT had lower acute success
ates. Similarly, older patients, patients with other cardiac diseases, and
hose with multiple foci had a higher risk of recurrence.9

urgery
Prior to the advent of radiofrequency ablation, surgery was the

reatment of choice for focal AT refractory to medical therapy. However,
s ablation techniques have become more advanced surgical treatment for
ocal AT is unusual. Surgical techniques performed include excision,
ryoablation, left atrial isolation, and regional isolation. Surgery is

IG 16. Intracardiac recordings during atrial tachycardia from the inferior tricuspid annulus.
hown are the surface leads I, II, V1, and V6 together with intracardiac recordings from the His
atheter, coronary sinus catheter, and a Halo catheter placed around the tricuspid annulus.
nipolar signals from the Halo catheter are shown. A pure negative deflection, QS morphology

encircled), on the Halo catheter, identified the origin of the atrial tachycardia. Note the rest of
he Halo recordings show RS morphology. Radiofrequency applied at this site successfully
blated the tachycardia.
fficacious in eliminating AT with success rates of 66 to
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00%.22,23,101,106,131-133 However, anesthesia and hypothermia may re-
ult in noninducibility of the AT, preventing intraoperative map-
ing.101,106,131 Sinus node dysfunction requiring pacemaker implantation
ay also occur22,106 and atrial scarring may produce the substrate for

ater macroreentry.

onclusion
Over the last decade there have been significant advances in our
nowledge regarding focal AT. Predisposing factors and mechanisms
ave been identified but require further clarification. The anatomic
istribution of focal AT has been well described and careful assessment
f P wave morphology provides a useful guide to the location of the focus
n patients without structural heart disease. Prior to the ablation era,
reatment was limited by the poor efficacy of pharmacological therapy.
owever with the advent of radiofrequency ablation, successful cure may
e achieved in a high proportion of patients.

elvin M. Scheinman: The authors are to be congratulated on a very

ABLE 2. Ablation parameters and success rates of series of focal atrial tachycardia treated
ith radiofrequency ablation

A-P interval Power
Acute

success (%)
Recurrence

(%) Mapping

alsh et al24 �40 20-30W 83 9
hen et al129 �37 20-40W 100 0
ay et al125 �21 30W 100 20
oldberger et al130 NA NA 80 33
racy et al112 �37 NA 80 25
hen et al11 �34 20-40W 94 5
esh et al38 �44 20-50W 93 7
ang et al123 �38 NA 69 11
oty et al124 �45 10-50W 86 13
appone et al114 �38 15-25W 93 7 Mechanical
atale et al115 NA NA 100 3 CARTO
alman et al37 �47 �50W 93 16 ICE
nguera et al128 �46 10-50W 76 10
eiss et al118 �35 50W 100 13 CARTO
chmitt et al121 NA NA 70 0 Noncontact
offmann et al116 NA 5-40W 84 6 CARTO
ammeraad et al10 NA NA 76 7
iga et al31 �51 40-50W 92 9 Noncontact

eries from specific sites not included. Only patients with focal atrial tachycardia included. A-P
nterval, activation time at the site of successful ablation to the onset of the P wave; NA, not
vailable; Mechanical, mechanical interruption; ICE, intracardiac echocardiography.
horough and authoritative review of the atrial tachycardias. They have
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eautifully reviewed the existing literature and produced a coherent and
aluable document for clinical cardiologists. I learned a great deal and plan to
se this chapter as an up-to-date resource for teaching and patient care.
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