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ppendage. Excision is performed by removal of the LAA,
ither by scissors or an amputating stapling device. Exclu-
ion of the LAA is performed by closing the orifice into the
AA cavity with the appendage remaining attached. This

echnique is performed by various methods of suturing
running suture, pursestring or external ligation) or by
tapling.

Although these surgical techniques are simple to apply,
here is uncertainty regarding their reproducibility and
ffectiveness (11–15). Katz et al. (11) reported that surgical
AA ligation frequently is incomplete. Of 50 patients who
nderwent mitral valve surgery and LAA ligation by run-
ing suture technique, 18 (36%) had incomplete ligation
etected by transesophageal echocardiography (TEE). The

ncomplete ligation was characterized as the presence of
ersistent color flow Doppler between the LAA and the left
trium. Another study by Garcia-Fernandez et al. (7)
howed that 10.3% of patients who underwent LAA liga-
ion by double suture technique during mitral valve replace-
ent had incomplete ligation.
In recent years, TEE has become the standard tool for

ssessment of the LAA. Because there are several tech-
iques used to surgically excise or exclude the LAA, our
bjective was to use TEE as a means to determine which
urrent surgical technique is most successful at closing the
AA. Our hypothesis was that surgical LAA excision is

uperior to exclusion.

ethods

t the Cleveland Clinic, 2,546 patients underwent surgical
AA closure from 1993 to 2004. Many of those patients
ad no continued follow-up. As a result, from our TEE
atabase, we identified 137 post-operative patients from the
ohort who had a complete TEE with color Doppler
nterrogation of the LAA. The mean time to TEE was
.1 � 12 months. Nine experienced cardiovascular surgeons
erformed the surgeries. Techniques used to close the LAA
ere: 1) excision (by scissors or an amputating stapling
evice); and 2) exclusion (by suture or stapler). Indications
or post-operative TEE consisted of pre-cardioversion for
F (n � 63), endocarditis (n � 31), mitral valve assessment

n � 17), AF ablation (n � 5), stroke or transient ischemic
ttack (TIA) (n � 4), tricuspid valve assessment (n � 4),
ortic valve assessment (n � 2), left ventricular thrombus (n

2), pericardial disease (n � 2), embolic events (n � 2),
trial septal defect (n � 1), aortic fistula (n � 1), aortic
issection (n � 1), heart failure (n � 1), and right atrial
ass (n � 1).
A standard TEE was performed in all patients, and the

AA was evaluated in multiple views (16). Color Doppler
as applied across the LAA to assess the presence of flow
etween the left atrium and the closed LAA. The presence
f thrombus in the left atrium or the LAA was also
ocumented. The LAA was classified as: 1) successful

losure; 2) patent LAA; 3) excluded LAA with persistent flow

content.onlinejacDownloaded from 
nto the appendage; or 4) remnant
AA. Patent LAA was defined as
persistent communication of the
AA with the left atrium due to
ehiscence of suture or staple (Fig.
). Excluded LAA with persistent
ow into the appendage was de-
ned as the presence of a color
ow jet between the left atrium
nd LAA desp i t e the
-dimensional appearance of an
bliterated LAA (Fig. 2). Rem-
ant LAA was defined as a resid-
al stump or pouch remaining in the LAA �1 cm in
aximum length after closure (Fig. 3). Unsuccessful LAA

losure was characterized as the presence of a patent LAA,
xcluded LAA with persistent flow into the appendage, or
emnant LAA. Successful closure was defined as the absence of
ll the aforementioned findings. All the TEEs were reanalyzed
y the investigators, with special emphasis placed on evaluating
he LAA. The intrareader and interreader variability of classi-
ying successful LAA closure was 98% and 97%, respectively.
tatistics. Continuous data are expressed as mean � stan-
ard deviation and were compared with the use of the
-tailed Student t test. Categorical variables were compared
ith the Fisher exact test. A p value �0.05 was considered

tatistically significant. The SPSS 9 statistical software
ackage (SPSS Inc., Chicago, Illinois) was used.

esults

tudy population. A total of 137 patients were included in
he study. The mean age was 65 � 12 years. Fifty-two
atients (38%) underwent excision (41 by scissors and 11 by

Figure 1 Patent Left Atrial Appendage After Suture Exclusion

This left atrial appendage is an example of a patent appendage that was previ-
ously excluded by sutures that have now dehisced. There is persistent commu-
nication of the left atrial appendage with the left atrium.

Abbreviations
and Acronyms

AF � atrial fibrillation

ANP � atrial natriuretic
peptide

LAA � left atrial
appendage

TEE � transesophageal
echocardiography

TIA � transient ischemic
attack
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n amputating stapling device), and 85 (62%) underwent
xclusion, of which 73 of these (86%) were by suture
xclusion and 12 (14%) by stapler exclusion with the LAA
emaining attached. Table 1 depicts baseline characteristic
f patients undergoing surgical LAA elimination during
ardiac surgery.
losure success of LAA. The key finding of the study was

hat only 55 of 137 patients (40%) had successful LAA
losure. Successful LAA closure occurred more often with
xcision of the LAA (73%) versus suture exclusion (23%)
nd stapler exclusion (0%), p � 0.001 (Table 2).

Among the patients with LAA excision (n � 52), a
emnant LAA (residual stump �1 cm) was present in 14
27%). Of patients who had suture exclusion (n � 73), 6
8%) had a patent LAA, 6 (8%) had a remnant LAA, and
4 (61%) had an excluded LAA with persistent flow into the

Figure 2 Persistent Flow Into the Left Atrial
Appendage after Suture and Stapler Exclusion

(A) The left atrial appendage has been excluded by closing off the orifice of
the appendage cavity from the atrium by sutures. There is a color flow jet
observed between the atrium and the appendage suggesting persistent flow
and communication. (B) The left atrial appendage remains attached to the
atrium and has been excluded by stapling. However, there is persistent flow in
the appendage demonstrated by color Doppler, suggesting persistent communi-
cation between the atrium and the appendage.
ppendage. Of patients who had stapler exclusion (n � 12)
content.onlinejacDownloaded from 
f the LAA, 2 (17%) had a patent LAA, 7 (58%) had a
emnant LAA, and 3 (25%) had an excluded LAA with
ersistent flow into the appendage. Of note, none of the
ttempts to perform stapler exclusion of the LAA were
uccessful.

Clinical and echocardiographic variables were analyzed to
ssess whether they were predictive of successful surgical
AA closure (Table 3). As expected, LAA excision was
redictive of successful procedural outcome (p � 0.001).
xcluding the LAA by either suture or stapler techniques
as more likely to predict unsuccessful LAA closure (p �
.001 and p � 0.002, respectively). We found that the Maze
rocedure was also associated with successful LAA closure,

ikely due to the majority of patients having concomitant
AA excision. Previous investigators have hypothesized

hat increased left atrial size and/or area were likely to
redict unsuccessful LAA closure; however, these variables

Figure 3 Remnant Left Atrial Appendage
after Excision and Suture Exclusion

(A) An example of a left atrial appendage that has been excised is shown;
however, a stump of the appendage (�1 cm) remains attached to the atrium
and is referred to as remnant left atrial appendage. (B) The left atrial append-
age has been excluded from the atrium by suturing. However, the position of
the sutures leaves a remnant left atrial appendage (�1 cm), which remains in
communication with the left atrium.
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