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-Wave Morphology in Focal Atrial Tachycardia
evelopment of an Algorithm to Predict the Anatomic Site of Origin
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oseph B. Morton, MBBS, PHD,*† Paul B. Sparks, MBBS, PHD,*† Jonathan M. Kalman, MBBS, PHD*†

elbourne, Australia

OBJECTIVES The purpose of this study was to perform a detailed analysis of the P-wave morphology
(PWM) in focal atrial tachycardia (AT) and construct and prospectively evaluate an algorithm
for identification of the anatomic site of origin.

BACKGROUND Although smaller studies have described the PWM from particular anatomic locations, a
detailed algorithm characterizing the likely location of a tachycardia associated with a P-wave
of unknown origin has been lacking.

METHODS The PWMs for 126 consecutive patients undergoing successful radiofrequency ablation of 130
ATs are reported. P waves were included only when the onset was preceded by a discernible
isoelectric segment. P waves were classified as positive (�), negative (�), isoelectric, or biphasic.
Sensitivity, specificity, and predictive values were calculated. On the basis of these results, an
algorithm was constructed and prospectively evaluated in 30 new consecutive ATs.

RESULTS The distribution of ATs was right atrial (RA) in 82 of 130 (63%) and left atrial (LA) in 48
of 130 (37%). Right atrial sites included crista (n � 28), tricuspid annulus (n � 29), coronary
sinus (CS) ostium (n � 14), perinodal (n � 7), right septum (n � 1), and RA appendage
(n � 3). Left atrial sites included pulmonary veins (n � 32), mitral annulus (n � 8), CS body
(n � 3), left septum (n � 3), and LA appendage (n � 2). In electrocardiographic lead V1, a
negative or �/� P-wave demonstrated a specificity of 100% for a RA focus, and a � or �/�
P-wave demonstrated a sensitivity of 100% for a LA focus. A characteristic PWM was
associated with high sensitivity and specificity at common atrial sites for tachycardia foci. A
P-wave algorithm correctly identified the focus in 93%.

CONCLUSIONS Characteristic PWMs corresponding to known anatomic sites for focal AT are associated
with high specificity and sensitivity. A P-wave algorithm correctly identified the site of
tachycardia origin in 93%. (J Am Coll Cardiol 2006;48:1010–7) © 2006 by the American

ublished by Elsevier Inc. doi:10.1016/j.jacc.2006.03.058
College of Cardiology Foundation
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ocal atrial tachycardia (AT) is a relatively uncommon cause
f supraventricular tachycardia and is difficult to treat
edically. Fortunately, with the advent of radiofrequency

blation (RFA), this form of tachycardia can be treated with
igh long-term success (1,2). It is well-recognized that these
oci do not occur randomly throughout the atria but tend to
luster at characteristic anatomic locations. In the right
trium (RA), these foci occur along the crista terminalis
CT) (1,3), the tricuspid annulus (TA) (4), the ostium of
he coronary sinus (CS) (5), and the perinodal region. In the
eft atrium (LA), foci occur predominantly at the pulmonary
ein (PV) ostia (6) and less commonly at the mitral annulus
MA) (7), the left atrial appendage (LAA), and the left-
ided septum (8).

In recent years, mapping of these foci has evolved from
he use of single- or double-catheter techniques with leap-
rogging, through high-density multipolar mapping, to the
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ociety Fellows Clinical Research Award, New Orleans, Louisiana, 2005.
o
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se of sophisticated 3-dimensional mapping tools. Al-
hough contact and noncontact mapping systems (3) are
ffective in targeting ablation of AT, in the majority of labs
hey complement rather than replace conventional electro-
hysiologic techniques. However, although detailed and
ften expensive mapping techniques remain the cornerstone
f identifying tachycardia origin and ablation success, it
hould not be forgotten that much initial information can be
leaned from a careful analysis of the P-wave. Although a
ariety of studies have described the P-wave morphology
PWM) from a particular anatomic location, a detailed
lgorithm characterizing the likely location of a tachycardia
ssociated with a tachycardia P-wave of unknown origin has
een lacking. We present a detailed analysis of the PWM
ccording to anatomic site of tachycardia origin and use this
o construct an algorithm to localize the tachycardia. We
hen apply this algorithm prospectively in order to evaluate
ts clinical utility.

ETHODS

tudy population. The study population included a con-
ecutive series of 186 patients (65% female, mean age 49 �
7 years, range 9 to 85 years) undergoing RFA for focal

rigin of 196 ATs. All patients had clinically documented

https://core.ac.uk/display/82624235?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
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aroxysmal or incessant AT. Patients with multiple chang-
ng AT morphologies were excluded.

All patients underwent electrophysiological study after
he provision of informed written consent. The study was
pproved by the Melbourne Health Research Ethics Com-
ittee. Patients were studied in the fasted awake state with
inimal use of sedation. All antiarrhythmic drugs were

eased a minimum of 5 half-lives before the procedure.
atheter positioning. Catheter positioning and the ap-
roach used in our laboratory for ablation of AT have been
reviously and extensively published (6). Standard electro-
hysiologic criteria were used to diagnose AT; these in-
luded the inability to demonstrate entrainment at 2 loca-
ions which are, “in the tachycardia circuit,” 2 cm apart (9).
ttempts at AT induction were made including atrial

able 1. P-Wave Morphology for Right Atrial Focal Atrial Tach

Site I II III

T �(28) �(28) �(23)
iso(4)
�(1)

A �(17) �(18) �(22)
iso(9) �(7) �(6)

iso/�(3) �/�(2) iso(1)
iso(2)

S ostium iso(12) �(14) �(14)
low�(2)

erinodal right septum iso(5) �(5)�/�(1) �(5)�/�(
�(1),�/�(1) iso(1) iso(1)

�(1) �(1) �(1)
AA �(2) �(3) �(3)

iso(1)

Abbreviations and Acronyms
AT � atrial tachycardia
CS � coronary sinus
CT � crista terminalis
ECG � electrocardiogram
LA � left atrium
LAA � left atrial appendage
LIPV � left inferior pulmonary vein
LSVP � left superior pulmonary vein
MA � mitral annulus
NPV � negative predictive value
PPV � positive predictive value
PV � pulmonary vein
PWM � P-wave morphology
RA � right atrium
RAA � right atrial appendage
RFA � radiofrequency ablation
RIPV � right inferior pulmonary vein
RSPV � right superior pulmonary vein
SR � sinus rhythm
SVC � superior vena cava
TA � tricuspid annulus
S � coronary sinus; CT � crista terminalis; ECG � electrocardiographic; RAA � righ
rogrammed extrastimulation and burst atrial pacing. If this
as unsuccessful or when AT was not occurring spontane-
usly, isoproterenol was infused.

apping of AT. Anatomic localization of the atrial focus
as performed during tachycardia or atrial ectopy by anal-
sis of: 1) surface electrocardiogram PWM; and 2) RA
ndocardial activation sequence during tachycardia (1,4,7).

On the basis of the provisional findings from PWM and the
ight atrial endocardial sequence from standard catheters, point
apping to locate the site of earliest endocardial activation

elative to surface P-wave onset was performed with a 4-mm-
ip mapping/ablation catheter. A fiducial point on a stable
ntracardiac electrode, usually the CS catheter, relative to
-wave onset was defined to perform point mapping.
natomic definition. Anatomic definitions were as previ-
usly described for the CT (1), CS ostium (5), tricuspid (4)
nd mitral (7) annuli, and the PVs (6).

T. Earliest activation mapped to this region with 20-pole
atheter positioned along the CT.

EPTUM. Defined as the region of the fossa ovalis and
eptum primum. Atrial tachycardia originating within
och’s triangle were separately classified as perinodal or

rising from the CS ostium.

ERINODAL. Earliest activation recorded in the proximal His
undle electrode; RFA successful within 1 cm of this region.

Definitions of AT arising from the CS ostium, MA and
A, and PVs have been previously published (4–7).
WM. Surface 12-lead electrocardiographic PWM was as-

essed as previously described (10). Particular attention was
iven to assessment of an unencumbered P-wave by analysis
uring periods of atrioventricular block or after ventricular
acing. P waves were included for analysis only if an isoelectric
nterval was present and there was no fusion with the preceding

RS or T-wave. P waves were assessed at 0.3 mV and
escribed on the basis of the deviation from baseline during the

ia

ECG Lead

aVL aVR V1 V3 V6

�(17) �(28) �/�(19) �(27) �(27)
iso(8) �(7) iso(1) iso(1)
�(3) �(2)
�(24) �(15) �(28) �(22) iso(9)
�(2) �(9) �/�(1) �/�(4) neg(6)

iso(2) �/�(2) iso(3) pos(6)
�/�(1) iso(3) iso/�(4)

�/�(4)
�(14) �(14) iso/�(6) �(9) �(10)

�/�(6) �/�(3) iso(2)
�(2) iso(2) �/�(2)

�(7) �(6) iso(3),�(1) �(4) �(6)
iso(1) �/�(1)�/�(1) iso(3) iso(1)

�(1) �(1) iso(1) �(1) �(1)
�(2) �(3) �(3) �(2) iso(1)

iso(1) iso(1) �(1),�(1)
ycard

1)
t atrial appendage; TA � tricuspid annulus.
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–P interval as being: 1) positive (�); 2) negative (�); 3)
soelectric: arbitrarily defined when there was no P-wave
eviation from a baseline of �0.05 mV (7); and 4) biphasic
�/� or �/�). Sensitivity, specificity, positive predictive value
PPV), and negative predictive values (NPVs) were calculated
or the most distinguishing features at each site.

EVELOPMENT OF THE P-WAVE ALGORITHM

n the basis of the tabulated P-wave features for each
natomic location (Tables 1 to 3), an algorithm was developed
o determine anatomic site of tachycardia origin. The algo-
ithm was modified and tested against 20 P waves randomly
elected from the original population until an accuracy of 95%
as achieved. Anatomic structures that were within the known

patial limitations of PWM were grouped together.
rospective application of the algorithm. The algorithm
as subsequently prospectively applied, by 2 blinded observ-

rs, to a new population of 30 consecutive patients with

able 2. P-Wave Morphology for Left Atrial Focal Atrial Tachy

Site I II III

PV �(14) �(15) �(14)

iso(1) �(1) �
RIPV

PV iso(12) �(16) �(16)
�(3),�(2) �(1) �(1)

iso(7) low�(5) low�(5)
uperior MA �(1) iso(3) iso(3)
AA �(2) �(2) �(2)

S body iso(2) �(3) �(3)
neg(1)

eft septum iso(1) �/�(1) �/�(1)
�/�(2) �(2) �(2)

AA � left atrial appendage; LPV � left pulmonary vein; MA � mitral annulus; R

able 3. P-Wave Morphology

AT Location P-Wave Morpho

trial location
RA vs. LA1 �/� or � in V1

RA vs. LA2 �aVL
RA vs. LA3 �I
RA vs. LA4 �/� or � in V1 and � aVL
LA vs. RA1 � or �/� in V1

LA vs. RA2 � aVL
LA vs. RA3 � or iso in I
LA vs. RA4 � or �/� in V1 and � aVL

natomic location
CT �/� V1 or if � in Tc then � in SR a
TA � V1 and � or iso aVL
RPV � V1 (not bifid) and � in lead I
LPV � V1 (bifid) and iso or � in I
Superior MA �/� V1 and iso or � in aVL
CS ostium �/� or iso/� in V1 and � II, III, aV
Perinodal and right septum iso V1
T � atrial tachycardia; LA � left atrium; NPV � negative predictive value; PPV � posi
n Tables 1 and 2.
ocal AT who underwent successful RFA. An unencum-
ered tachycardia P-wave and a sinus P-wave selected from
he successful electrophysiological study were assessed at 0.3
V by each observer. The observer described the PWM as

efined earlier and the algorithm was strictly followed.
tatistical analysis. All variables are expressed as mean �
D. Comparisons between groups were performed with
ither an unpaired Student t test or, where a normal
istribution could not be assumed, the Mann-Whitney U
est. Categorical variables expressed as numbers and per-
entages were compared with a chi-square test. A p value
0.05 was considered statistically significant.

ESULTS

achycardia characteristics. ANATOMIC LOCATION. The
natomic distribution of 196 AT foci is presented in Figure 1.
t the CT, the foci were superior in 47%, mid in 47%, and

nferior in 6%. The distribution of tachycardia foci at the TA

a

ECG Lead

aVR V1 V3 V6

1) �(14) �(15) �(15) �(15)
)
) �(1)

4) �(15) �(17) �(17) �(13)
) iso(1) iso(4)

�(1)
) iso(7) �/�(7) �/�(6) �/iso(2)
) �(1) iso/�(1) �/iso(2) iso(6)
) iso(1) �(2) �(2) iso(2)

�(1)
) �(3) �(3) �(2),�(1) �(2),�(1)

) �/�(1) �/�(3) �(3) �(2)
) �(2) iso(1)

� right inferior pulmonary vein; other abbreviations as in Table 1.

Sensitivity Specificity PPV NPV

69% 100% 100% 66%
58% 85% 87% 54%
67% 64% 76% 53%
37% 100% 100% 47%

100% 81% 76% 100%
62% 73% 57% 76%
60% 68% 53% 74%
58% 95% 88% 79%

l of �I, �II, �aVR 93% 95% 84% 98%
83% 97% 89% 95%
87% 94% 65% 100%
82% 98% 88% 97%
88% 99% 88% 99%

d � aVL 86% 98% 86% 98%
50% 100% 100% 97%
cardi

aVL

�(1
�(2

/�(2

�(1
iso(3

iso(6
�(2
�(2

�(3

�(1
�(2
logy

nd al

F1 an
tive predictive value; RA � right atrium; SR � sinus rhythm; other abbreviations as



a
a
p
n
(
t
o

P

w
i
p
f
a
1
P

R

t
T
e
a
l
e

c

w
t

a
P
t
P

F
a
C
l
r

F
b

1013JACC Vol. 48, No. 5, 2006 Kistler et al.
September 5, 2006:1010–7 P-Wave Morphology in Focal Atrial Tachycardia
nd MA are demonstrated in Figure 2. Tachycardia foci
rising from the PVs were localized to the right superior
ulmonary vein (RSPV) in 15, to the left superior pulmo-
ary vein (LSPV) in 12, to the left inferior pulmonary vein
LIPV) in 5, to the right middle pulmonary vein in 1, and
o the right inferior pulmonary vein (RIPV) in 2, and were
stial in 31 of 35 (89%).

igure 1. A schematic representation of the anatomic distribution of focal
trial tachycardias. The atrioventricular valvular annuli have been removed.
S � coronary sinus; CT � crista terminalis; LA � left atrium; LAA �

eft atrial appendage; MA � mitral annulus; PV � pulmonary vein; RA �
ight atrium; RAA � right atrial appendage; TA � tricuspid annulus.
igure 2. Anatomic distribution of tachycardia foci and tachycardia P waves at
undle electrogram; MV � mitral valve; other abbreviations as in Figure 1.
WM. One hundred twenty-six patients with 130 focal ATs
ere included for analysis, with 66 ATs excluded because of

ncomplete isolation of the tachycardia P-wave from the
receding T-wave (47) or because ablation was not success-
ul (19). The putative sites of the ATs not included in the
nalysis of PWM were CT ( n� 34), right perinodal (n �
5), TA (n � 9), CS ostium (n � 2), right septum (n � 2),
Vs (n � 3), and LA roof (n � 1).

A VERSUS LA. The PWM for focal tachycardias arising in
he right (Fig. 3) and left (Fig. 4) atria are presented in
ables 1 and 2, respectively. To assess the utility of the

lectrocardiogram (ECG) in differentiating left from right
trial origin of the tachycardia focus, we analyzed lead I,
ead aVL, and lead V1, which have been previously consid-
red to be most useful for this purpose (10).

A detailed analysis is shown in Table 3. Some of the
ritical observations were as follows:

Either a negative or a biphasic (�/�) P-wave in lead V1

as associated with a specificity of 100% for a right atrial
achycardia (Table 3).

A positive or �/� P-wave in lead V1 was associated with
sensitivity of 100% for a left atrial tachycardia (Table 3).
redictive accuracy was reduced by foci arising at or close to

he interatrial septum, such as the high CT (positive
-wave) or ostium of the CS (�/� or isoelectric/�).
the atrioventricular valvular annuli. AV � atrioventricular; HBE � His
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lectrocardiographic leads aVL and I were less useful
Table 3).

natomic locations. CT. The comparison of V1 between
achycardia and sinus rhythm (SR) was useful in helping
o distinguish a high CT location from an RSPV focus,
lthough significant overlap in PWM persisted. Of the
CT ATs positive in lead V1, all 7 were positive in SR.
ll 14 RSPV foci were positive in V1 during tachycardia.
f these, 9 were biphasic and 5 were positive in

R. Thus, in differentiating a superior CT focus from an

Figure 3. Representative examples of the tachycardia P
igure 4. Representative examples of the tachycardia P-wave from left atrial site
ein; RIPV � right inferior pulmonary vein; RSPV � right superior pulmonar
SPV focus, it was also helpful to look at the SR V1
orphology (Table 3, Fig. 5). For CT foci, when V1 was

egative in tachycardia, the P-wave was also negative in
R (Table 3).
A PWM that included positive polarity in leads I and

I, negative in aVR, and biphasic (positive-negative) in
1 (and, if positive in V1 in tachycardia, then also
ositive in SR) was associated with a sensitivity of 93%,
specificity of 95%, a PPV of 84%, and an NPV of 98%

or foci at the CT.

e from right atrial sites. Abbreviations as in Figure 1.
s. LIPV � left inferior pulmonary vein; LSPV � left superior pulmonary
y vein; other abbreviations as in Figure 1.
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A. In this study, we observed that ATs can arise from
nywhere around the annulus. Despite this wide anatomic
istribution, a PWM that included negative polarity in lead
1 and positive or isoelectric in aVL was associated with a

ensitivity of 83%, a specificity of 97%, a PPV of 89%, and
n NPV of 95% for AT foci at the TA.

Of note, in lead V1, 23 of 29 TA ATs demonstrated a
haracteristically bifid negative morphology (Fig. 2). In
eneral, the polarity of leads II and III was deeply negative
or an inferoanterior location, and low amplitude, positive,
r biphasic for a superior location (Fig. 2).
Tachycardia foci originating at the right atrial appendage

RAA ) demonstrated a very similar PWM to the superior
ocation of the TA (Table 1, Fig. 3).

S OSTIUM. A PWM that was �/� or iso/� in lead V1,
egative in leads II, III, and aVF, and positive in aVL was
ssociated with a sensitivity of 86%, a specificity of 98%, a
PV of 86%, and an NPV of 98%. Significant overlap was
een with AT foci at the left septum.

ODY OF CS. The P-wave was bifid positive in V1, deeply
egative in leads II, III, and aVF, positive in aVL, and
egative in aVR in 3 of 3 patients.

Vs. For right-sided PVs, a PWM that was positive in leads
1 to V6 and positive in lead I was associated with a

ensitivity of 87%, a specificity of 94%, a PPV of 65%, and
n NPV of 100%. Significant overlap was seen with CT

igure 5. The P waves in sinus rhythm and atrial ectopy for the high crist
how a change in configuration in lead V1 from biphasic in sinus rhythm to
inus rhythm; other abbreviations as in Figure 1.
oci. In addition, 2 RSPV foci demonstrated P-wave e
otching in leads II and V1, features generally associated
ith left-sided PVs. If criteria were added to include a

hange in lead V1 from biphasic in SR to positive in
achycardia, the specificity improved to 100% but the
ensitivity declined to 65%.

For left-sided PVs, a PWM that was isoelectric or
egative in lead I and was bifid positive in lead II and/or V1
as associated with a sensitivity of 82%, a specificity of 98%,
PPV of 88%, and an NPV of 97%. The exceptions were at

he LAA, which resembled the LSPV location, and 3
SPVs which were positive in lead I.
Some distinction between superior and inferior PVs could

e made based on the P-wave amplitude in the inferior
eads. In general, the P-wave for AT arising from inferior
Vs was low-amplitude positive or negative (1 of 1 RIPV
nd 1 of 5 LIPVs).

AA. For tachycardias arising from the LAA, PWM was
imilar to that of a left-sided PV. The presence of a deeply
egative P-wave in lead I suggested an origin in the LAA.

UPERIOR MA. A PWM that included a negative, then
ositive polarity in lead V1 and was isoelectric or negative in
VL was associated with a sensitivity of 88%, a specificity of
9%, a PPV of 88%, and an NPV of 99%. The exceptions
ere 1 AT at the left septum and 1 superior MA focus that
as isoelectric, and then positive in lead V1.

ERINODAL REGION AND INTERATRIAL SEPTUM. An iso-

right superior pulmonary vein. Foci at the right superior pulmonary vein
t in tachycardia, a change not observed for right-sided tachycardias. SR �
a and
lectric P-wave in lead V1 was associated with a specificity
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nd a PPV of 100% and an NPV of 97% for perinodal and
ight septal tachycardias, but the sensitivity was only 50%
Table 3).

A negative, then positive P-wave in V1 was present in 3
f 3 left septal tachycardias and in 1 of 7 perinodal
achycardias. In the remaining ECG leads, there was
ignificant overlap in PWM between perinodal and left
eptal sites.
-wave algorithm. Based on the information presented in
ables 1 to 3, a P-wave algorithm was developed to allow
rospective identification of the likely site of origin of a
achycardia according to PWM (Fig. 6).

ROSPECTIVE APPLICATION OF THE P-WAVE ALGORITHM.

his algorithm was subsequently prospectively applied to
new population of 30 consecutive patients with focal
T. Tachycardia locations for these 30 patients were: CT

n � 11); TA (n � 5); CS ostium (n � 3); RAA (n � 3);
erinodal (n � 1); MA (n � 2); RSPV (n � 1); LSPV
n � 1); LIPV (n � 1); LAA (n � 1); and left septum
n � 1). The correct site of tachycardia origin (or 1 of 2
eighboring structures) was determined in 28 of 30 and 28
f 30 tachycardias, respectively (93%). For both observers,
he algorithm incorrectly suggested a CS ostium location for
tachycardia originating on the TA immediately adjacent to

he CS ostium and a LPV location for a tachycardia at the
SPV.

ISCUSSION

his study describes the PWM from a large consecutive
roup of patients with focal AT who underwent RFA. In
his large series, we have observed that focal AT does have

particular anatomic distribution, as previously described
1,4–7). Importantly, we have shown that these anatomic
ocations have a signature PWM that provides a reasonably
igh predictive accuracy. Sites that demonstrated overlap in
igure 6. A P-wave algorithm constructed on the basis of findings from 130 at
igure 1.
orphology were those in close anatomic proximity. In
articular, these included the CT and RSPV, the left and
ight septal regions, and the LAA and LSPV.

Using the characteristic P-wave patterns, we were able to
evelop an algorithm to predict the likely anatomic site of
achycardia origin. The algorithm was then prospectively
valuated in an additional 30 patients and found to have a
ositive predictive accuracy of 93%. Until now, there has been
o unifying attempt to match PWM to the particular anatomic

ocations from which ATs tend to arise and thereby develop an
lgorithm that may be applied prospectively.
A versus LA foci. An important question to be addressed

n an analysis of tachycardia PWM is the likely atrium of
rigin. In the current study of 130 tachycardia P waves,
CG lead V1 was the most useful in distinguishing a right

rom a left atrial focus. A negative or biphasic (positive, then
egative) P-wave in lead V1 was associated with a 100%
pecificity and PPV for a tachycardia arising from the RA.

positive or biphasic (negative, then positive) P-wave in
CG lead V1 was associated with a 100% sensitivity and
PV for tachycardia originating in the LA. Lead V1 is

ocated to the right and anteriorly in relation to the atria,
hich should be considered as right anterior and left
osterior. Thus, for example, tachycardias originating from
he tricuspid annulus were negative in V1 because of the
nterior and rightward location of this structure. The
-wave in V1 is universally positive for tachycardias origi-
ating at the PVs, because of the posterior location of these
tructures.

Tang et al. (10) provided a detailed analysis of the utility
f P-wave configuration in distinguishing right from left
trial tachycardia. In 31 patients, the most useful leads for
istinguishing right from left atrial foci were V1 and aVL.
he major limitation in the use of a positive P-wave in lead
1 to predict left atrial origin was in distinguishing foci at
rial tachycardias correctly localized the focus in 93%. Abbreviations as in
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he superior CT from the RSPV. This is an important
onsideration given the relatively common occurrence of
T from both sites, which are known to be in close

natomic proximity. Tang et al. (10) made the important
bservation that RSPV foci showed a change in configura-
ion from biphasic in SR to upright in AT, a change not
bserved for right-sided tachycardias. In the current study,
biphasic P-wave in SR becoming upright in tachycardia
as observed in 9 of 14 RSPV tachycardias, but not in any

ristal tachycardias. Although not described in the present
tudy, foci arising from the superior vena cava (SVC), a
eighboring anatomic structure, also produce a biphasic or
pright P-wave in lead V1 (11).
The predictive value of PWM for localizing the atrium of

rigin was more limited when tachycardia foci arose from
he interatrial septum. Prior studies have also demonstrated
hat tachycardias arising from the interatrial septum are
ssociated with variable PWM with considerable overlap for
achycardias located on the left and right side of the septum
8,12,13). Indeed, the known spatial limitations of P-wave
nalysis are highlighted when considering ATs that arise
rom the interatrial septum, and this at least in part
ontributes to the variable P-wave observations (14).

In an elegant study of focal AT using noncontact map-
ing, Higa et al. (3) described a preferential direction of
ctivation and an atrial breakout point in the majority
elated to the anisotropic properties of the CT. Although an
nitial pathway of preferential conduction may potentially
lter the PWM, the small differences in distance between
uccessful ablation at the focus compared to the atrial
reak-out appear not to have a significant effect on PWM,
erhaps because of the spatial resolution of the P-wave.
tudy limitations. In keeping with the known spatial

imitations of PWM, anatomic sites that were in close
roximity, such as the high crista and RSPV and ostium of
S and left septum, could not always be separated. Knowl-

dge of these overlapping sites is nonetheless important to
he clinical electrophysiologist. The findings in the present
tudy do not apply to tachycardias following extensive atrial
inear ablation or patients with congenital heart disease or
xtensive scarring where atrial activation is frequently sub-
tantially altered. This series does not include uncommon
ut potential sites of focal AT such as the SVC and
igament of Marshall. Although the patient number for the
rospective application of the P-wave algorithm is smaller
han the total series, we believe this compares very favorably
ith prior publications (1,3,8,11,13).
onclusions. P-wave morphology provides a useful guide

o the localization of focal AT. Electrocardiographic lead V1
rigin for focal AT. A characteristic PWM was able to
dentify common anatomic locations with high sensitivity
nd specificity. A P-wave algorithm was constructed and
rospectively identified the focus in 93%.
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