






defined. During mapping, if the P wave onset could not always
be clearly defined, activation time was measured to onset of
activation at the ostium of the CS which occurred in a known
fixed relation to P wave onset during tachycardia. Activation
time was measured from onset of the first sharp electrogram
component in the mapping catheter (17) to onset of the
P wave.

Results
Patient characteristics. Included in the study were 27

patients in whom right atrial tachycardia was suspected on the
basis of the 12-lead ECG configuration during tachycardia. In
23 patients, 27 focal tachycardias were localized to the right
atrium. In the remaining four patients, atrial tachycardia was
eventually localized to the right pulmonary vein. These pa-
tients are included in this report because the tachycardia
P wave configuration was consistent with a possible right atrial
focus. As a result, these patients underwent initial right atrial
mapping with ICE guidance and a 20-pole catheter along the
CT.

There were 10 male and 17 female patients with a mean
age 6 SD of 41.3 6 14.2 years (range 11 to 66, 95% confidence
interval [CI] 36 to 47). The mean symptom duration was 4.9 6
2.9 years (95% CI 3.6 to 6.1), and the mean number of failed
antiarrhythmic agents was 2.5 6 1.7 (95% CI 1.8 to 3.3).
Coexisting arrhythmias, treated at the same or a previous
ablation session, occurred in seven patients and included
typical AV node reentrant tachycardia (n 5 3), atypical AV
node reentrant tachycardia (n 5 3) and right ventricular
outflow tract tachycardia (n 5 1). Two patients had depressed
left ventricular systolic function (ejection fraction 45% and
20%, respectively) that in both cases was considered to repre-
sent a tachycardia-mediated cardiomyopathy. One patient had
mitral valve prolapse; no other patients had structural heart
disease.

Tachycardia characteristics. The mean tachycardia cycle
length for 27 right atrial tachycardias was 378 6 94 ms (range
246 to 545, 95% CI 342 to 413) and 362 6 62 ms (range 271 to
410, 95% CI 301 to 423) for four pulmonary vein tachycardias.

Intracardiac echocardiographic observations. ICE al-
lowed clear visualization of the CT in its full extent from
superior, where it crosses anterior and medial to the superior

vena cava at the superior vena cava–right atrial junction, to its
inferior extent where it becomes continuous with the eusta-
chian valve anterior to the inferior vena cava in all patients
(Fig. 1). There was considerable variation in the physical
characteristics of the CT. In all patients the ridge was promi-
nent in its superior third. In 12 patients this continued as a
prominent and clearly defined ridge in its middle third in the
body of the right atrium. In seven patients, the CT remained
detectable as a prominent ridge throughout its length. In the
remaining patients, it became progressively less prominent as it
progressed from superior to inferior such that in its inferior
one third, a ridge was no longer discernible and the CT could
be located only by determining the junction of the posterior
smooth-walled atrium with the anterolateral trabeculated
atrium. In addition, there was considerable variation in its
anatomic course, which precluded attempts to accurately place
the mapping catheter along the CT with fluoroscopy alone.

Anatomic distribution of tachycardias. Right atrial tachy-
cardias. Of 27 focal right atrial tachycardias, 18 (67%, 95% CI
46% to 83%) were on the CT (2 high medial, 8 high lateral, 6
mid and 2 low). ICE identified the location of the tip of the
ablation catheter in immediate relation to the CT in all cases
(Fig. 3A and 4A). Seventeen of 23 patients (74%, 95% CI 5
52% to 90%) with right atrial tachycardias had a tachycardia
located along the CT.

Of the right atrial tachycardias not located on the CT, three
were in the anterior trabeculated atrium. In one case, the
successful site was near the tip of the appendage where the
mapping catheter identified an early site with an activation
time of 272 ms. At this site a mass (0.8 cm 3 0.4 cm in
maximal dimension) was clearly imaged with ICE and success-
ful ablation was performed with the catheter abutting this
mass. One tachycardia was ablated in the mid to superior
region of the anterolateral atrium 1.5 cm anterior to the CT
and one in the midanterolateral atrium.

Three right atrial tachycardias occurred on the tricuspid
annulus between the 7:00 and 8:00 o’clock positions when
viewing the tricuspid annulus in the left anterior oblique
projection. All three of these patients had also previously
undergone ablation of an atypical AV node tachycardia in the
posteroseptal region (two at earlier ablative procedures and
one at the same session).

Figure 2. Right (RAO) and left (LAO) anterior oblique
fluoroscopic projections showing the mapping catheters in
place and the location of the roving catheter on the
superior and lateral CT. In the left anterior oblique
projection the short arrows mark the right heart border,
which is otherwise not clearly seen. The 20-pole catheter is
deployed along the CT through a long vascular sheath.
The tip of the roving catheter is in place on the superior
and lateral CT at the site of ablation (Abl) of a tachycardia
focus. Also shown are the His bundle electrogram (HBE)
and CS catheters.
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In addition, three atrial tachycardias were located on the
smooth septal region of the right atrium, two adjacent to the
mouth of the coronary sinus and one in the mid- to high
posterior septum.

Left atrial tachycardias. There were four left-sided atrial
tachycardias, two located at the orifice of the right upper
pulmonary vein and two immediately between the orifice of the
right upper and lower pulmonary veins. These pulmonary vein
tachycardias had ECG criteria suggestive of a right atrial
tachycardia and therefore underwent mapping as part of this
study.

Surface ECG. Surface ECG P wave configuration accord-
ing to tachycardia location is demonstrated in Table 1. Repre-
sentative examples of the 12-lead ECG for tachycardias arising
from the superior and mid-CT are shown in Figures 3B and 4B,
respectively. In general, superior sites were associated with an
upright inferior P wave (high CT, right upper pulmonary vein),
and inferior sites with an inverted inferior P wave (CS os, low
CT and inferior tricuspid annulus). There was considerable
overlap of P wave configuration between superior right atrial
sites and sites in the right pulmonary veins. Only 4 of 27 (15%,
95% CI 4% to 34%) right atrial tachycardias had an inverted
P wave in lead aVL, and all of these were located on the

Figure 3. A, ICE view of the high CT showing the anatomic structures
and the location of the ablation catheter (Cath) at the site of successful
ablation (left panel) and the lesion after ablation (right panel). B,
12-lead ECG of sinus rhythm (left panel) and of atrial tachycardia
arising from the superior CT (right panel) from the same patient. C,
Endocardial activation pattern recorded on the 20-pole catheter (CT 1
to 20), during atrial tachycardia arising from the high CT (left panel)
and during sinus rhythm (right panel). The roving catheter is located
on the high lateral CT at the site of successful ablation. During atrial
tachycardia, the activation sequence on the CT catheter is high to low
and the roving catheter shows an early and fractionated signal. During
sinus rhythm, the CT catheter activation sequence is again high to low,
but the roving catheter at the same site now records a late signal,
indicating that sinus activation is originating from a different focus.
Activation along the CT appears to occur faster during atrial tachy-
cardia than during sinus rhythm. RUPV 5 right upper pulmonary vein;
other abbreviations as in Figure 1.

454 KALMAN ET AL. JACC Vol. 31, No. 2
ICE AND ATRIAL TACHYCARDIAS February 1998:451–9

 by on February 12, 2012 content.onlinejacc.orgDownloaded from 

http://content.onlinejacc.org


superior CT. Two of four right pulmonary vein tachycardias
had an inverted P wave in lead aVL (50%, 95% CI 7% to
93%). Lead V1 was positive in 4 of 27 (15%, 95% CI 4% to
34%) right atrial tachycardias and 2 of 4 right pulmonary vein
tachycardias (50%, 95% CI 7% to 93%).

Endocardial activation mapping. Endocardial activation
mapping was facilitated by placement of a 20-pole catheter
along the CT by using ICE. Activation times for the various
tachycardia locations are shown in Table 2. Several distinct
patterns of activation along the CT were identified.

Right atrial tachycardias. For tachycardias located on the
high CT, earliest activation was at the superior region of the
20-pole CT mapping catheter (mean 232 6 19 ms at bipole
1,2, 95% CI 246 to 219), which demonstrated a high to low
activation sequence (Fig. 3C) resembling that of sinus rhythm.
For tachycardias located on the mid-CT, earliest activation
occurred in the midregion of the CT catheter (mean 230 6
20 ms at bipole 9,10, 95% CI 247 to 212) and the activation
sequence proceeded in a V-shaped pattern from this site (Fig.
4C). For tachycardias located on the low CT, earliest activation
was at the inferior region of the 20-pole crista mapping

catheter (mean 247 6 8 ms at bipole 19,20), which demon-
strated a low to high activation sequence. In 16 of 18 (89%,
95% CI 65% to 99%) tachycardias arising from the CT, an
activation time of 225 ms was identified from at least one of

Figure 4. A, ICE view of the mid-CT showing anatomic structures and
location of the 20-pole mapping catheter (left panel), and with the
catheter in place at the site of successful ablation (right panel). Inset
demonstrates the level of the ICE section. B, Twelve-lead ECG
showing sinus rhythm (right panel) and atrial tachycardia arising from
the mid-CT (left panel) from the same patient. C, Endocardial
activation pattern recorded on the 20-pole catheter (CT 1 to 20) during
atrial tachycardia arising from the mid-CT (left panel) and during sinus
rhythm (right panel). The roving catheter is located on the mid-CT at
the site of successful ablation. Activation is earliest at CT 9,10, where
a fractionated, early signal is recorded. The roving catheter at the
mid-CT site of successful ablation records a similarly early and
fractionated signal. The presence of split components and fraction-
ation elsewhere on the CT during both atrial tachycardia and sinus
rhythm suggests extensive cellular uncoupling along the CT in this
patient. During sinus rhythm, earliest activation is recorded on the CT
catheter at bipole 3,4 and proceeds inferiorly in a high to low sequence.
RA 5 right atrium; other abbreviations as in Figures 1 to 3.
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the bipoles of the 20-pole mapping catheter. In contrast, only
one of nine (11%, 95% CI 0% to 48%) tachycardias arising off
the CT demonstrated an activation time of 225 ms (p ,
0.001).

Left atrial tachycardias. For tachycardias located in the
right pulmonary veins, activation along the length of the
20-pole mapping catheter was relatively on time, with absence
of a definite sequence, and activation times along the length of
the CT were not early in relation to P wave onset (Fig. 5, Table
2).

ICE clearly demonstrated the proximity of the right pulmo-
nary vein orifice to the superior vena cava–right atrial junction
and the superior CT at this level (Fig. 6). To assist differenti-

ation of atrial tachycardias located on the high CT from those
in the right-sided pulmonary veins, ICE was used to guide
subtle rotational mapping in this region. When activation was
earliest in the posteroseptal area immediately opposite the
right pulmonary vein orifice, this suggested a pulmonary vein
tachycardia. When activation was earliest in the anterolateral
region on the CT, particularly when fractionated, this was
indicative of a high “cristal” tachycardia. For each of the four
right pulmonary vein tachycardias, activation was significantly
earlier at the posteroseptal right atrium (mean 212 6 8 ms,
95% CI 220 to 25) than at the superior CT (22 6 4 ms, 95%
CI 19 to 25, p , 0.001) or than any other right atrial site. When
this was the earliest site and a fractionated signal was not
recorded, a transseptal procedure was performed and mapping
was directed to the mouth of the right pulmonary veins. For all
nine high cristal tachycardias, activation was significantly ear-
lier on the superior CT (232 6 19 ms, 95% CI 246 to 219)
than at the posteroseptal region (215 6 10 ms, 95% CI 222 to
28, p , 0.001) (Table 2). However, there was no absolute

Figure 5. Endocardial activation pattern recorded on the 20-pole
catheter (CT 1 to 20) during atrial tachycardia arising from the right
upper pulmonary vein (left panel) and during sinus rhythm (right
panel). The roving catheter is located in the right upper pulmonary
vein at the site of successful ablation. During tachycardia the activation
sequence on the CT catheter is “on time,” and the roving catheter
shows an early and fractionated signal. During sinus rhythm, the CT
catheter activation sequence is now high to low on the CT, and the
roving catheter at the same site in the pulmonary vein now records a
late signal.

Table 1. P Wave Configuration by Tachycardia Location

Tachycardia
Location

ECG Lead

I aVL V1 II III aVF

High CT
Positive 8 4 3 9 9 10
Negative 1 4 3 — — —
Biph/iso 1 2 4 1 1 —

Mid-CT
Positive 6 3 1 4 3 4
Negative — — 2 — 1 —
Biph/iso — 3 3 2 2 2

Low CT
Positive — 2 — — — —
Negative — — 2 2 2 2
Biph/iso 2 — — — — —

RUPV
Positive 3 2 3 3 3 3
Negative — 2 — — — —
Biph/iso 1 — 1 1 1 1

TA
Positive 3 3 — — — —
Negative — — 3 1 2 1
Biph/iso — — — 2 1 2

CS os
Positive — 2 — — — —
Negative — — 1 2 2 2
Biph/iso 2 — 1 — — —

Biph/iso 5 biphasic/isoelectric; CS 5 coronary sinus; CT 5 crista terminalis;
ECG 5 electrocardiographic; RUPV 5 right upper pulmonary vein; TA 5
tricuspid annulus.

Table 2. Activation Timing by Tachycardia Location

Mapping Site High CT Mid-CT Low CT RPV TA

High CT (bipole 1,2) 232 6 19 4.8 6 12.5 18.5 6 9.2 22 6 4 14 6 19
Mid-CT (bipole 9,10) 29 6 13 230 6 20 217 6 7 22 6 5 215 6 18
Low CT (bipole 19,20) 19 6 13 14 6 10 247 6 8 24 6 7 230 6 26
High posteroseptal 215 6 20 2 6 27 22 6 12 212 6 8 NA
HBE 19 6 30 30 6 37 25 6 14 33 6 17 58 6 17
CS os (bipole 9,10) 51 6 18 46 6 28 22 6 2 48 6 28 22 6 33
CS distal (bipole 1,2) 77 6 30 84 6 37 53 6 35 77 6 24 70 6 45

HBE 5 His bundle electrogram; RPV 5 right pulmonary vein; other abbreviations as in Table 1. Numbers in italics
indicate site of earliest activation.
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difference in activation timing at the high posterior septum
between high “cristal” tachycardias (215 6 10 ms) and right
pulmonary vein tachycardias (212 6 8 ms, p 5 0.6).

Radiofrequency ablation. Radiofrequency ablation was
successful in 26 of 27 (96%, 95% CI 81% to 100%) right atrial
tachycardias and 3 of 4 (75%, 95% CI 19% to 99%) left atrial
tachycardias (overall 29 of 31 tachycardias [94%, 95% CI 79%
to 99%]). Ablation was successful in 25 of 27 patients (93%,
95% CI 76% to 99%). The mean number of radiofrequency
applications was 5.2 6 5.7 (median 4, 95% CI 3 to 7). The
mean fluoroscopy time was 34 6 27 min (95% CI 22 to 46).

A fractionated electrogram was recorded at the successful
site of ablation in 26 of 29 (90%, 95% CI 5 73% to 98%)
tachycardias (Fig. 3B and 4B). Before radiofrequency applica-
tion, exit block from a tachycardia focus was recorded in two
patients. In one there was a 2:1 relation and in one a more
complex relation demonstrating competition with a second
tachycardia focus elsewhere in the right atrium. In one patient,
entrance block into a tachycardia focus was observed with the
focus demonstrating parasystolic beating.

The mean activation time at the successful ablation site was
247 6 18 ms (95% CI 254 to 240). Speeding of tachycardia
before termination during the radiofrequency application oc-
curred in 22 of 28 (79%, 95% CI 59% to 92%) tachycardias in
which the application was performed during tachycardia.

Ablation failed in one patient with three different atrial
tachycardia foci in the right atrium. Two of the foci were
successfully mapped and ablated (one in the vicinity of the
ostium of the coronary sinus and one along the mid-CT). A
third focus, which was mapped to the region of the anterior
right atrial appendage, could not be successfully ablated.
Ablation also failed in one patient with a tachycardia located in
the inferior region of the right upper pulmonary vein. An early
site was identified and transient success achieved. However,
adequate catheter stability and tissue heating could not be
achieved.

Follow-up. There were no immediate or long-term compli-
cations from the procedure. In the 25 patients with an initially
successful ablation, there have been four tachycardia recur-
rences (16%, 95% CI 5% to 36%). All of these recurrences
occurred within 6 weeks (2, 3, 4 and 6 weeks after the
procedure). Two patients underwent successful repeat abla-
tion. In a third, symptoms disappeared spontaneously 6 months
after ablation and no further medical therapy has been re-
quired. One patient is being managed medically. In the re-
maining 21 patients there have been no recurrences during a
mean follow-up period of 9.9 6 6.3 months (95% CI 6.7 to
13.1).

Discussion
This study demonstrates that right atrial tachycardias oc-

curring in patients without structural heart disease tend to
cluster at certain anatomic sites. Approximately two thirds of
these tachycardias will be distributed along the long axis of the
CT, with an apparent gradation in frequency from superior to
inferior. Although other studies (3,4,14,18) have suggested the
CT as a common site for right atrial tachycardias, our study is
unique in having added direct endocardial visualization and
multipolar mapping along this structure. The incidence of right
atrial tachycardias occurring along the CT is similar to that in
a preliminary report by Shenasa et al. (14).

Consideration of normal atrial anatomy and physiology
allows some speculation as to the particular anatomic distri-
bution of atrial tachycardias observed in this study. The CT is
an area of marked anisotropy due to poor transverse cell to cell
coupling (19). Such anisotropy, by creating a region of slow
conduction, favors the development of microreentry. In addi-
tion, the normal sinus pacemaker complex is distributed along
the long axis of the CT (20). The presence of automatic tissue
together with relative cellular uncoupling may be a require-
ment for abnormal automaticity such that normal atrium is
prevented from electrotonically inhibiting abnormal phase 4
depolarization (21,22).

The presence of poor local cell to cell coupling is suggested
by the recording of an early and fractionated signal at the site
of successful ablation in 93% of successful radiofrequency
applications. This incidence rate is consistent with that of our
earlier series (1) and other reported experience (14). These
fractionated signals may reflect poor cell to cell coupling
causing slowed conduction either from a poorly coupled
automatic focus or as part of a small reentrant circuit. Further
evidence in support of poor local coupling is provided by
examples of exit and entrance block from the tachycardia
focus. Other investigators (2,3) have not reported a similarly
high incidence of fractionated recordings at the site of success-
ful ablation. Our approach was to actively seek a fractionated
signal in areas of early activation. In our experience these
signals are recorded in a highly localized area, and it is possible
that radiofrequency ablation would be successful in immedi-
ately adjacent catheter locations without the presence of these
signals. In addition, fractionated signals may be recorded at

Figure 6. ICE section through the level of the high right atrium
showing the superior CT and its relation to the right upper pulmonary
vein (RUPV). The arrow demonstrates the area of mapping guided by
ICE to differentiate between a high cristal tachycardia and one in the
right upper pulmonary vein (see text). AV 5 aortic valve; other
abbreviations as in Figure 1.
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any site where poor coupling exists. Thus, the sensitivity and
specificity of this observation have not been evaluated.

Noncristal right atrial tachycardias. In this study, one
third of right atrial tachycardias did not arise from the CT and
were distributed widely around the right atrium. As previously
described, right atrial tachycardias also occurred in the pos-
teroseptal area near the ostium of the CS (2,3) and within the
body and toward the tip of the right atrial appendage (1,3–
5,13). For one atrial appendage tachycardia, we were able to
demonstrate its origin from an abnormally prominent mass
that was identified only with ICE. It is interesting to speculate
that this apparent structural abnormality was associated with
abnormalities in cellular function or cell to cell coupling, or
both, that formed the substrate for the atrial tachycardia. In
addition, we observed that three tachycardias occurred on the
tricuspid annulus away from the septum, a location that to our
knowledge has not been previously described.

Use of intracardiac echocardiography to guide mapping.
Cristal tachycardias. The use of ICE during the ablation
procedure helps to emphasize the unique and complex anat-
omy of the right atrium and demonstrates the importance of
linking mapping with known endocardial anatomy (10,11).
Accurate placement of a multipolar catheter along the CT
provided a road map to facilitate mapping. For those tachy-
cardias located on the CT, the multipolar catheter provided a
reliable guide to the precise tachycardia area. In view of the
previously described variability in anatomic course of the CT
(23), ICE was necessary for accurate positioning of this
mapping catheter and guiding precise mapping along this
structure with the rove catheter. For those tachycardias located
off the CT, activation on the multipolar catheter was relatively
late and lacked dispersion of activation times. This clearly
indicated that sites away from the CT required mapping.

High cristal versus right upper pulmonary vein tachycardias.
Although we aimed to characterize the anatomic distribution
of right atrial tachycardia foci, four patients with left atrial
tachycardias located in the right upper pulmonary veins were
also included in the study. This is because the P wave config-
uration of tachycardias in this location demonstrates consider-
able overlap with that of tachycardias in the high right atrium
on the CT. This is perhaps not surprising when considering the
proximity of these two regions and that the right upper
pulmonary vein orifice may be rightward of the superior medial
CT. Use of ICE in this study clearly demonstrated this close
anatomic relation and facilitated careful and subtle mapping to
determine whether a tachycardia was high cristal or in the right
upper pulmonary vein. This is of importance when making a
decision as to whether it is necessary to proceed with a
transeptal puncture.

Limitations. The aim of this study was to define the
anatomic distribution of focal atrial tachycardias in the right
atrium by using ICE and to describe a technique for perform-
ing electrophysiologic mapping directed at endocardial land-
marks. Although it would appear logical that ability to link
endocardial anatomy to electrophysiologic events would facil-
itate mapping and ablation of atrial tachycardias, we have not

compared the combined use of fluoroscopy and ICE with
fluoroscopy alone.

The 10-MHz imaging catheter used in the current study
does not permit adequate imaging of left atrial structures other
than the entrance of the right pulmonary veins. We have
therefore not attempted to characterize the anatomic location
of left atrial tachycardias other than those originating in the
right pulmonary veins.

Conclusions. This study demonstrates that approximately
two thirds of focal right atrial tachycardias occurring in the
absence of structural heart disease will arise from along the
CT. Placement of a multipolar mapping catheter along the CT
under ICE guidance provided a clear guide to the tachycardia
origin. Recognition of this common distribution may facilitate
mapping and ablation of these tachycardias. Further study will
be required to determine whether use of ICE leads to an
increased success rate or a reduction in fluoroscopy or proce-
dure time.

We acknowledge the work of Robert H. Anderson, MD and Anton E. Becker,
MD, whose superb pathologic photographs and anatomic descriptions have
informed our understanding of the relation between electrophysiology and
anatomy.
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 identified by intracardiac echocardiography
"Cristal tachycardias": origin of right atrial tachycardias from the crista terminalis
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