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KEY TEACHING POINTS

� Atrial tachycardias arising from the distal portion of
the left atrial appendage (LAA) are uncommon,
often incessant, and a reversible cause of
cardiomyopathy.

� Such tachycardias present unique anatomic
challenges during catheter ablation owing to a
Introduction
Focal atrial tachycardias (AT) arising from the distal portion
of left atrial appendage (LAAd) are rare and pose unique
anatomic challenges during catheter ablation. We report a
case of incessant AT originating from the LAAd refractory
to antiarrhythmic drug therapy in which a combined endocar-
dial and percutaneous epicardial mapping was used and that
was successfully ablated only after using high-power energy
in the LAAd.
highly variable LAA geometry, presence of a
network of pectinate muscles, and variability in
tissue thickness.

� Real-time echocardiography, LAA angiography, and
detailed electroanatomic mapping may identify
such anatomic challenges and increase success
rate.
Case report
A 25-year-old male patient with incessant AT and presumed
tachycardia-mediated cardiomyopathy was referred to our
institution for catheter ablation. A prior electrophysiology
study (EPS) had localized the focus of AT to the LAAd
and limited endocardial ablation was unsuccessful. Twelve-
lead electrocardiography showed AT with P waves negative
in leads I and aVL, positive and bifid in inferior leads and
lead V1, consistent with a left AT (Figure 1A).1 Echocardio-
gram showed a left ventricular ejection fraction of 45% with
mild global hypokinesis. EPS at our center demonstrated AT
(presenting rhythm) with a cycle length range of 470–630 ms
Earliest atrial activation on the coronary sinus (CS) catheter
(conventional CS catheter position with proximal electrode
at the level of CS ostium) was recorded at the distal CS.
Given our knowledge of the prior EPS and an unsuccessful
endocardial ablation, pericardial access was planned and ob-
tained from a percutaneous subxiphoid approach prior to an-
ticoagulation. Following that, left atrial mapping via
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transseptal approach using a CARTO PentaRay catheter
(Biosense Webster, Diamond Bar, CA) and an irrigated con-
tact force–sensing ablation catheter (CARTO ThermoCool
SmartTouch SF; BiosenseWebster) localized the focal tachy-
cardia to the distal portion of the anterior lobe of the LAA
(Figure 2A and 2B). To confirm that the entire appendage
was adequately mapped, LAA angiography was performed
and intracardiac echocardiography (ICE) and percutaneous
intrapericardial echocardiography were used. Multiple radio-
frequency (RF) applications in the LAAd at the site of earliest
activation (-64 ms relative to P-wave onset) with power 30
watts, contact force 15–30 grams, and duration up to 60 sec-
onds, associated with local impedance drop of 10–12 ohms,
resulted in acceleration of the tachycardia without termina-
tion (Figure 1C). Epicardial mapping with the ablation cath-
eter localized the site of earliest activation to a relatively
broad area at the distal anteromedial surface of the LAA,
overlying the endocardial site (Figure 2C). High-output pac-
ing was done with the ablation catheter in the pericardial
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Figure 1 A: Twelve-lead surface electrocardiogram of atrial tachycardia with P waves negative in leads I and aVL, positive and bifid in inferior leads and lead
V1, consistent with a left atrial tachycardia. B: Earliest epicardial activation with ablation signal -65 ms preceding surface P wave. C: Earliest endocardial acti-
vation with ablation signal -64 ms preceding surface P wave. Ablation at this site with power of 50 W was successful in terminating tachycardia.
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Figure 2 A, B: Right anterior oblique cranial (A) and left lateral cranial (B) view of left atrial endocardial activation map using CARTO (Biosense Webster,
Diamond Bar, CA), demonstrating earliest atrial activation in the distal left atrial appendage. C: Left lateral view of epicardial activation map demonstrating a
relatively broad area of early activation overlying the distal left atrial appendage. D: Superimposed epicardial and endocardial activation maps demonstrating
epicardial surface overlying endocardial geometry of the left atrial appendage. Purple dot marks the site of left phrenic nerve capture.
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space to identify the left phrenic nerve course and to avoid
phrenic nerve injury. ICE was used to identify the location
of the left main coronary artery and its proximal bifurcation,
in relation to the ablation site. Epicardial ablation at this site
(Figure 1B; signal preceding P-wave onset by 65 ms) with
power 50 watts, for up to 60 seconds, associated with local
impedance drop of 10–13 ohms, only transiently suppressed
the tachycardia, despite use of a contrast-filled balloon cath-
eter (Berman angiographic catheter; Teleflex Inc, Wayne,
PA) placed in the LAA on the endocardial side to provide
counter-pressure support (Figure 3A). Review of percuta-
neous intrapericardial echocardiography of the LAA sug-
gested presence of thick pectinate muscles near the site of
ablation (Figure 3C and 3D) with endocardial-epicardial
lesion separation of at least 6 mm using CARTOSOUND
module (Biosense Webster, Diamond Bar, CA, USA).



Figure 3 A: Fluoroscopic image in right anterior oblique view with 7F balloon-tipped Berman catheter (Teleflex Inc, Wayne, PA) placed within the distal left
atrial appendage on the endocardial side for applying counter-pressure with the ablation catheter at the site of earliest epicardial activation. B: Successful ablation
lesion from endocardial site with power titrated to 50 W with termination of tachycardia at 24.2 seconds. C: CARTOSOUND (Biosense Webster, Diamond Bar,
CA) demonstrating ablation catheter at successful endocardial site. The ultrasound probe is in the pericardial space superior and posterior-medial to the left atrial
appendage. D: Intrapericardial percutaneous echocardiography image demonstrating ablation catheter tip (yellow arrow) within the distal left atrial appendage.
Epicardial ablation lesions indicated with red open circles. Blue circle indicates annotation of an early mapping site on the epicardial side.
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Endocardial ablation at the earliest site at power 50 watts,
duration 60 seconds, with average contact force of 25 grams,
associated with an impedance drop of 14 ohms, terminated
the tachycardia 24 seconds after onset of RF delivery
(Figure 3B). Additional lesions were delivered adjacent to
this site at 50 watts. Tachycardia was not inducible after
the ablation despite isoproterenol infusion. The patient re-
mained free of arrhythmias on 30- and 90-day follow-ups
with resolution of cardiomyopathy based on echocardiogra-
phy.
Discussion
Atrial tachycardias arising from the LAAd are uncommon.2

Though high success rate is reported with catheter ablation
from both an endocardial and epicardial approach,2–5 they
present unique anatomic challenges including the
following: (1) variations in the LAA shape and lobes and
presence of reticulated pectinate muscles, which may
restrict endocardial access to the distal portions5,6; (2) varia-
tions in the LAA tissue thickness, including its pectinate
muscles, ranging from 0.5 mm to up to 5 mm,5,7–9

potentially increasing perforation risk or limiting adequate
lesion formation in the deeper segments; and (3) LAA
proximity to the left phrenic nerve, which can have a
highly variable course. Numerous tools and techniques can
be employed to increase successful ablation at these
locations; these include the following: (1) use of LAA
angiography, echocardiography, or other imaging such as
computed tomography to delineate LAA structure during
the procedure (the latter 2 may provide additional
information about the tissue thickness); (2) use of contact
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force–sensing catheters to assess catheter-tissue contact
when navigating in the LAAd; (3) epicardial mapping and
use of counter-pressure support from either the endocardial
or epicardial side to improve contact3; and (4) high output
pacing to identify the left phrenic nerve.

In the case presented, detailed endocardial mapping facil-
itated by LAA angiography and echocardiography identified
the earliest activation site in the LAAd with signal preceding
the P wave by 64 ms. This timing is consistent with sites of
successful ablation in prior studies (for example, Yang and
colleagues2 reported endocardial activation time of the suc-
cessful RF application sites to be 47 6 4.3 ms before P-
wave onset). Epicardial mapping provided similar activation
timing in a broader region overlying the endocardial site.
Counter-pressure against the epicardial lesions using a
contrast-filled balloon catheter placed in the LAA was
applied, though that did not affect ablation results. Pressure
was crudely assessed using fluoroscopy and tactile feedback.
We used this approach after unsuccessful epicardial energy
application, mainly owing to lack of a reliable tool for force
measurement in the epicardial space. Other investigators
have reported successful application of counter-pressure
from the epicardial side using an ablation catheter for termi-
nation of LAAd AT.3

Utility of ICE and percutaneous intrapericardial echocar-
diography has been previously described.10 Combined with
the electroanatomic map, percutaneous intrapericardial echo-
cardiography provided an assessment of the tissue thickness
in the LAAd as well as an estimate of the endocardial-
epicardial RF lesions distance. ICE views of the LAA—for
instance, obtained from the main pulmonary artery or the
left atrium—would have likely provided similarly useful in-
formation. Based on these findings (wide spatial separation
of earliest sites on the endocardial and epicardial sides and
distal LAA thickness noted on echocardiography flanking
endocardial-epicardial lesions), we postulated that the AT
site of origin was within a deeper segment of the pectinate
muscle. Histologic data of patients with LAAd AT undergo-
ing surgical atrial appendectomy have pointed to presence of
clusters of cells with abnormal automaticity, some within the
pectinate muscles, protected by complex trabeculae geome-
try from both endocardial and epicardial ablation.5,11 High-
power RF energy was applied on the endocardial aspect of
the LAAd based on these findings, which was successful in
terminating the tachycardia. Ablation parameters including
local impedance and catheter-tissue interface using echocar-
diography were closely monitored.

Alternative approaches in management of LAAd AT re-
fractory to “conventional” ablation include surgical atrial ap-
pendectomy and electrical isolation of LAA. Surgical LAA
removal was discussed with the patient prior to the proced-
ure, but the patient opted for a percutaneous approach owing
to an anticipated faster recovery, desire to avoid surgery, and
operators’ experience with the percutaneous approach. LAA
electrical isolation was not pursued—and the endocardial
ablation did not lead to such outcome—owing to an increased
thromboembolism risk after isolation and need for lifelong
anticoagulation or LAA occlusion.12
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