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Embriologia 
•  Trabecular LAA: 

remnant of the original 

embryonic left atrium 

(from 3rd week of 

gestation) 

•  Main smooth walled left 

atrial cavity: later 

development, from the 

outgrowth of the 

pulmonary veins  



Aspetto macroscopico 

Veinot et al. Circulation 1997 
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Rapporti anatomici 
 

Decorre nel solco atrio ventricolare 
La punta può localizzarsi nei posti più disparati 

Ho. Clinical Anatomy 2009  



KERUT

Figure 2. A. Demonstration of the multilobed anatomy of the LAA by multidetector computed tomography (3D volume-
rendered cardiac CTA using Toshiba Aquilion 64 CFX, 0.5-mm slices of the heart acquired in 7 seconds with Vitrea EP
software). B. Imaging is shown from a left anterior oblique and cranial angulation to highlight the LAA. One lobe (1) is long
and curvilinear, while the second (2) is “flat and wide.” Also shown are the left anterior descending coronary artery (LAD) with
its diagonal branches and the circumflex coronary artery (Cx).
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Rapporti anatomici 
 

No cresta terminale 

Ridge: ripiegamento 
della parete atriale 

5.8-23.7 mm 

Su et al. Heart 2008  

Ho et al. PACE 2010 
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Superficie interna 

Anatomy

The LAA is the remnant of the original embryonic
left atrium (LA) that develops during the third week
of gestation. The main smooth-walled LA cavity
develops later and is formed from the outgrowth of
the pulmonary veins.16 The LAA orifice into the LA
cavity has a diameter of 10 to 40 mm and is located
between the left upper pulmonary vein and the left
ventricle.17,18 The circumflex branch of the left
coronary artery runs close to the LAA basal orifice.
The cardiac lymphatic drainage of the left ventricle
has its entry beneath the LAA in the rat19 and passes
under the LAA in pigs.20 In humans, the cardiac
lymphatic system is assumed to have a similar
course.19–21 The LAA is a long, tubular, hooked
structure of variable morphology and size, ranging
from 0.77 to 19.27 cm3.17 It is trabeculated with
muscle bars, so-called pectinate muscles. When cast-
ing the LAA, the cavities between the pectinate
muscles appear as “branches” (also called lobes),
“twigs” or “fine structures” (Fig 1).17,18

Noninvasive Imaging Methods

The LAA is optimally visualized by transesopha-
geal echocardiography (TEE) including two-dimen-
sional, three-dimensional, and Doppler techniques.22,23

By TEE it can be shown that the LAA is not a static
pouch, but rather a highly dynamic structure, the
contractility of which can be stimulated by dobut-
amine in patients with normal sinus rhythm.24 By
TEE, LAA blood flow velocities are assessed by
positioning the pulsed Doppler sample volume at the

LAA orifice, at a point where the ghost signals
caused by wall motion are minimal.25 Whereas two-
dimensional measurements of LAA size are depen-
dent of the imaging plane, LAA blood flow velocities
are not.26 Ventricular relaxation appears to initiate
early diastolic emptying of the LAA.22 It has been
shown in an animal experiment in dogs that the
magnitude and pattern of LAA emptying and filling
velocities are dependent on loading conditions, and
that LAA velocities are influenced to a greater extent
by changes in left ventricular function than by
changes in LA function.27

Other imaging modalities, such as cardiac CT
scanning or MRI, are not able to adequately visualize
the LAA because of its complex morphology.

Invasive Atrial Study Methods

Via a transseptal approach, the LAA can be visu-
alized during cardiac catheterization by left atriogra-
phy.15 During cardiac surgery, the LAA can be
inspected directly during the opening of the LA
cavity. Tissue from the LAA can be obtained for
histologic examination and immunohistochemistry
testing for the detection of endothelial cell markers.28

Investigations Postmortem

At autopsy, the LAA can be investigated by direct
inspection29 and by casting the LAA (Fig 1).17 An-
other method is the inspection of the LAA in hearts
after formalin fixation.18 When applying this method
and measuring LAA dimensions, the fact that forma-
lin fixation induces tissue shrinkage has to be taken
into account.30,31

Figure 1. Postmortem LAA casts. The cast on the left side is from a 52-year-old man who had
antemortem sinus rhythm. The cast volume is 5.880 cm3. The cast has more than five branches and 20
to 40 twigs, and is densely covered with fine structures. The cast on the right side is from a 76-year-old
woman who had antemortem atrial fibrillation. The cast volume is 18.670 cm3. The cast has more than
five branches, ! 40 twigs, and no fine structures.
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Superficie interna 

!

hearts from patients who died of non-cardiac causes (29 males, mean
age 49+20 years). Five of the patients had a history of coronary
artery disease and two had chronic AF constituting a group with struc-
tural heart disease. The mean heart weight was 375+ 25 g (range
330–488 g). The LA walls were dissected to display the lateral
region of the LA between the roof of the atrium, the left PVs and
the mitral valve (MV) (Figure 1).

In describing the veins, ‘proximal’ and ‘distal’ were used with refer-
ence to the direction of blood flow. A common vestibule, or venous
antrum, was present when the left superior (LS) and left inferior (LI)
PVs coalesced proximal to the junction with the LA body. It was classi-
fied as short when the distance between the level of the left PV inter-
venous ridge at its narrowest part to the level coinciding with the
middle of the LR was within 5–15 mm and long when the distance
was .15 mm. Measurements were made on the endocardial surface
using callipers. We also measured the longitudinal axis of the ostium
of the left common PV or individual left PVs, the distance between
superior and inferior veins (intervenous ridge), the longitudinal and
transverse axes of the orifice of the LAA and noted the relative pos-
itions of the LAA and LSPV (left pulmonary veins, superior) orifices.
Subsequently, we examined the endocardial contour of the ridge
and measured its length from the antero-superior border of the
LSPV orifice to the inferior border of the LIPV (left pulmonary veins,
inferior) orifice. The maximal widths between its anterior and pos-
terior edges were measured at two levels perpendicular to its long
axis – superiorly corresponding to the superior margin of the LSPV

orifice and inferiorly corresponding to the inferior margin of the
LIPV orifice (levels ‘a’ and ‘b’ in Figure 1A). The maximal transmural
myocardial thickness of the LLR was measured at the two levels per-
pendicular to the endocardium in both macroscopical and histological
sections (Table 1).

Histological study
Twenty-two hearts selected to represent the spectrum of morphologi-
cal features identified by gross inspection were prepared for light
microscopy. Blocks of tissue encompassing the left PVs, LLR, LAA,
mitral vestibule and annulus were processed and serially sectioned at
12 or 15 mm in sagittal (13 hearts) and frontal planes (nine hearts)
(Figures 1 and 2). Sections at 1 mm intervals were stained with
Masson’s trichrome. On the histological sections, we measured the
minimal distance from the endocardial surface to the oblique vein
(VOM) or ligament of Marshall (LOM), and the distribution and relative
density of ganglia and fibres of the autonomic nervous system from
endocardium to epicardium along the LLR. To analyse LLR innervation,
we took digital photographs at !40 magnification and superimposed a
grid of vertical and horizontal lines with 121 intersection points repre-
senting 100%. Autonomic nerve density (AND) was defined as the
proportion of intersection points overlying nerve fibres and ganglia
within the grid. AND was estimated in four different chosen fields
for each specimen (one of each pulmonary ostium and the other in
the LLR at 0.5 cm distal to each ostium) and the values were then aver-
aged. Altogether, 10 samples were examined in each heart.

Dissection technique
In 12 hearts, we studied the alignment of the myocardial fibres by
peeling away the epicardium and the endocardium to reveal the
arrangement of the major muscular bundles. We used the term ‘myo-
fibre’ to refer to the macroscopic appearance of slender muscle
bundles, which can be revealed after removing the endocardium or
epicardium. For simplicity, we distinguished three orientations: circum-
ferential, longitudinal, and oblique. Circumferential fibres were those

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Dimensions of the left lateral ridge (LLR),
pulmonary veins (PVs), and left atrial appendage (LAA)

Mean
(mm)

Range
(mm)

Left common PVs (major axis) 31.4+4.5 22.5–37.6

Left superior PV (major axis) 19.3+2.5 13.1–24.3

Left inferior PV (major axis) 17.3+1.5 12.5–22.3

LLR width (superior level) 5.6+0.4 2.2–6.5

LLR width (inferior level) 10.2+0.5 6.2–12.5

LLR length 25.3+5.5 14.2–33.5

LLR myocardial thickness (superior
level)

2.8+1.1 1.5–4.2

LLR myocardial thickness (inferior
level)

1.7+0.8 0.5–3.5

Longitudinal axis of LAA 24.5+3.5 18.3–28.5

Sagittal axis of LAA 19.4+2.5 12.5–23.2

Longitudinal axis of LAA in structural
heart disease

33.8+4.5 26.4–41.5

Sagittal axis of LAA in structural heart
disease

26.5+3.5 17.5–34.5

Figure 1 (A) Endocardial surface of the left lateral wall and (B)
with transillumination showing the prominent lateral ridge (*)
interposed between the left atrial appendage (LAA) and the left
pulmonary veins, superior (LSPV) and inferior (LIPV). Muscular
trabeculations (red arrows) extend inferiorly from the ridge to
the vestibule. The dotted line marks the insertion (annulus) of
the MV. Lines ‘a’ and ‘b’ mark the sites for measuring the width
and transmural myocardial thickness of the lateral ridge. (C) is a
section through line ‘a’ to show the thickness of the ridge. The
vestibule overlies the left circumflex artery (LCX). CS, coronary
sinus; LV, left ventricle; MV, mitral valve
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No muscoli pettinati in atrio, ma 30% casi pettinati in LA 
  



Struttura microscopica 

There was no significant correlation between atrial size and size
of LAA os (correlation coefficient = 0.32; p = 0.118).

Areas of thin atrial wall on transillumination
During gross examination of 26 specimens, we noted areas of
atrial wall that could be transilluminated in the vicinity of the
os. These, representing areas deficient in myocardium, were
manifested as shallow pits or deep and narrow troughs in 15
specimens (57.7%). In 11/15 cases (73%) these areas were
situated on the anterolateral or lateral left atrial wall, or both, in
the vestibule leading to the mitral valve. The pits or troughs
occurred in isolation, or as a cluster or a linear array leading to
the appendage os (fig 2A). The mean (SD) maximum diameter
of the pits or troughs was 3.6 (3.8) mm (range 0.5–10.3). The
mean (SD) atrial wall thickness of these areas was 1 (0.5) mm
(range 0.4–1.5). The pits or troughs were located within a radius
ranging between 1.4 and 20.9 mm from the LAA orifice. Paper-
thin atrial walls distal to the appendage orifice were also
apparent in most specimens on transillumination (fig 2B).

Proximity to surrounding structures
The LAA is in close proximity to the left superior pulmonary
vein (fig 2). The distance between the rim of the os and the left
superior pulmonary vein was measured in 22 specimens and this

showed a wide range of 5.8–23.7 mm (table 1). Most values fell
into one of two arbitrary ranges from 5.1 to 10 mm (45.5%) and
10.1 to 15 mm (40.9%). The average distance between the rim
of LAA orifice and left superior pulmonary vein was similar to
that between the LAA orifice and mitral valve (table 1). There
was no significant difference in distances between the LAA and
left upper pulmonary vein and LAA and mitral valve (p = 0.7).

The left anterior descending coronary artery was revealed by
dissection in 28 heart specimens. In most cases, the artery was
found to be located close to the os of the LAA when epicardial
fat was removed. The distance was ,10 mm in 46.4% of the
specimens. The circumflex artery ran close to the epicardial
aspect of the LAA os (fig 2). In six cases, the circumflex artery
was seen to give rise to the sinus node artery. The os of the LAA
was closely associated with the left aortic sinus from which the
left coronary artery normally arises (fig 1). Left atrial arteries
and veins and the great cardiac vein were also in close proximity
to the LAA (fig 1).

Cast measurements
The mean (SD) length of the LAA was 44.9 (9.6) mm (range 27–
60). The appendages had 2–5 branches and 0–12 twigs. A bend
was encountered between 7 and 12 mm from the os in 10
specimens (figs 3A and B). The remaining appendage appeared
straight with no evidence of directional change (figs 3C and D).

Figure 2 (A) In this heart there is a cluster of pits (small arrows) in the lateral atrial wall proximal to the os of the appendage (double-headed arrow).
Note that the fold in the atrial wall (triangle) that separates the orifice of the left superior pulmonary vein and the appendage is narrow. (B)
Transillumination shows areas of thin atrial wall (small arrows) to either side of the os (double arrows). (C) This cut through the middle of the os (double
headed arrow) shows the circumflex artery (a) and great cardiac vein (v) within the fatty tissues of the atrioventricular groove. (D) Histological section
shows the relationship of the circumflex artery and great cardiac vein to the os (arrow). The enlargement shows the thin wall of the appendage in
between the pectinate muscles. LAA, left atrial appendage; LI, left inferior pulmonary vein; LS, left superior pulmonary vein; MV, mitral valve.

Interventional cardiology

1168 Heart 2008;94:1166–1170. doi:10.1136/hrt.2006.111989
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Epicardio più sottile che nel resto dell’atrio (Al Saady et al. Heart 1999) 

Spessore mm 
pettinati ≥ 1mm 
97 % casi (Veinot 

et al. Circulation 
1997) 

Su et al. Heart 2008  



AURICOLA	  SINISTRA	  E	  RISCHIO	  TROMBOEMBOLICO	  

Alterazioni	  dell’auricola	  
sinistra	  in	  corso	  di	  FA	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Il	  90%	  dei	  trombi	  in	  corso	  di	  FA	  non	  valvolare	  sono	  localizzaP	  
nell’auricola	  di	  sinistra	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Blackshear	  et	  al.	  Ann	  Thorac	  Surg	  1996	  

•  ê	  Velocità	  flusso	  emaPco	  
•  Aumento	  del	  volume	  

•  Riduzione	  dei	  muscoli	  peUnaP	  
•  Fibroelastosi	  endocardica	  

Shirani	  et	  al.	  Cardiovasc	  Pathol	  2000	  



MORFOLOGIE	  LAA	  
CACTUS	   CHICKENWING	  

CAULIFLOWER	  WINDSOCK	  

(oval vs. round) and a variable number of lobes with lack of
a dominant lobe (Fig. 4).
Statistical analysis. All continuous data are presented as
mean ! SD and were compared using analysis of variance or
Kruskal–Wallis test where appropriate. Categoric variables
are described as count and percent and compared by using
Pearson’s chi-square or Fisher exact test. Images in both
modalities were independently assessed by 2 radiologists
who classified those into 4 mutually exclusive LAA mor-
phological categories. Interobserver agreement between the
readers (for each modality) was evaluated using Cohen’s
kappa. The kappa statistic estimates the proportion of
agreement among raters that exceeds the occurrence due to
chance. A larger kappa value implies stronger agreement,
with ! " 1 being the perfect agreement. A good level of
agreement was defined as ! " 0.61 (14).

Multivariable logistic model was used for identifying signif-
icant predictors of stroke/TIA. All potential confounders were
entered into the model on the basis of known clinical relevance
or significant association observed in univariate analysis. The
controlling variables used in the model were age, gender,
hypertension, diabetes, AF types, LA size, and CHADS2
score. On the basis of the CHADS2 score before the occur-
rence of the thromboembolic event, the study population was
stratified into 2 subgroups (i.e., CHADS2 score 0 to 1 and
"2), and a subanalysis was performed to investigate the
possible association of LAA types with subsequent stroke/TIA
within each group. The odds ratio (OR) and 95% confidence
interval (CI) of stroke/TIA were computed. All tests were
2-sided, and a p value #0.05 was considered statistically
significant. Analyses were performed using SAS version 9.2
(SAS Institute Inc., Cary, North Carolina).

Results

Computed tomography images of 499 patients and MRI
images of 433 patients (age 59 ! 10 years, 79% were male,
body mass index of 27 ! 4 kg/m2, ejection fraction of 60 !
7%, and 14% with a CHADS2 score "2) presenting for
catheter ablation of AF were prospectively collected. The
prevalence of Cactus, Chicken Wing, Windsock, and Cau-
liflower types was 278 (30%), 451 (48%), 179 (19%), and 24
(3%) in the overall population; 152 (30%), 248 (50%), 89
(18%), and 10 (2%) among patients with CT; and 126
(29%), 203 (47%), 90 (21%), and 14 (3%) among those with
MRI, respectively. No statistically significant bias was noted
in classifying LAA morphology by operators using CT
(kappa " 0.84; 95% CI: 0.61 to 0.96, p # 0.01) and MRI
(kappa " 0.67; 95% CI: 0.48 to 0.87, p # 0.01). An optimal
level of concordance was observed when comparing the rates of
agreement for Chicken Wing and non–Chicken Wing (! " 0.91,
0.68 to 0.96 for MRI and ! " 0.96, 0.74 to 0.98 for CT).

Table 1 presents the baseline demographic, clinical char-
acteristics, and LAA measurements for the population
sorted according to the 4 LAA types. No differences were
found in the prevalence of congestive heart failure, hyper-

tension, diabetes, dyslipidemia, or coronary artery disease.
The groups were different with respect to gender, history of
stroke/TIA, and CHADS2 score "2. The Windsock type
was more likely to be male. Chicken Wing was the most
prevalent LAA morphology (48%). Compared with non–
Chicken Wing categories, Chicken Wing had the lowest
prevalence of prior stroke/TIA (4% vs. 12%, p # 0.001) and
the least number of patients with CHADS2 score "2 (9%
vs. 18%, p # 0.001). No difference was noted for echocar-
diographic parameters (e.g., LA diameter and left ventric-
ular ejection fraction).
Prevalence of pre-procedure stroke/TIA. In the study
cohort, 78 (8%) of the 932 patients had a history of stroke/
TIA before AF ablation. The distribution of the event (stroke/
TIA) was significantly different across the LAA types: 35
(12%), 20 (4%), 19 (10%), and 4 (18%) for Cactus,
Chicken Wing, Windsock, and Cauliflower, respectively
(p # 0.001) (Fig. 5A). Compared with Chicken Wing,
stroke/TIA events were significantly more prevalent in
the non–Chicken Wing categories (4% vs. 12%, p # 0.001)
(Fig. 5B).

Figure 5
Prevalence of Prior Stroke/TIA According to
Different LAA Morphologies and in Chicken Wing
Versus Non–Chicken Wing Morphologies

(A) Vertical bars represent the prior stroke/TIA event rate with the univariate
OR (95% CI) shown on top of the bars. (B) Vertical bars represent the prior
stroke/TIA event rate in Chicken Wing and Non–Chicken Wing morphologies.
Non–Chicken Wing was found to be an independent predictor of stroke with an
OR of 2.95 (95% CI: 1.75 to 4.99, p " 0.041). OR " odds ratio.

535JACC Vol. 60, No. 6, 2012 Di Biase et al.
August 7, 2012:531–8 Stroke and Left Atrial Appendage Morphology



Results

We included 17 observational studies (16–30) for the final
analysis in accordance with study inclusion criteria (Fig. 2).
A total of 1,052 devices were implanted in 1,107 patients.
The pooled analysis yielded 1,586.4 person-years (PY) of
follow-up. Table 1 demonstrates the baseline characteristics
of the included studies. The follow-up varied from 7 to 29
months among the studies. The mean CHADS2 score was
2.7. Two studies had a mean CHADS2 score of <2, and
another 2 studies did not report CHADS2.

The predicted stroke rate varied between 2.5 and 5.3/100
PY, assuming a CHADS2 score of 3. Nine of 17 studies
reported post-procedural utilization of antiplatelet agents
(aspirin ! clopidogrel) for varying time periods. There were
minor differences observed among inclusion and baseline
characteristics of included studies as demonstrated in
Table 1.
Efficacy outcomes. The actual procedural success was 1,052
of 1,107 (95.1%). The adjusted procedural failure rate was
8.4% (95% CI: 6.6% to 10.6%) using random effects
modeling and adjusting for publication bias. The adjusted
pooled incidence rate of stroke in our systematic analyses
was 0.7/100 PY (95% CI: 0.3 to 1.1/100 PY) (Fig. 3). There

was no publication bias to the right of mean, which was
assessed using the Duval and Tweedie trim and fill method
(Fig. 4). Table 2 demonstrates subgroup analyses by device
type, year, and region; similar stroke rates were observed
in the Watchman and PLAATO devices of 0.7/100 PY
(95% CI: 0.0 to 1.5/100 PY) and 0.7/100 PY (95% CI: 0.0
to 1.6/100 PY), respectively, as compared with Amplatzer
0.9/100 PY (95% CI: 0.7 to 2.4/100 PY), although the
difference was not statistically significant. There was no
statistically significant difference observed in stroke rate over
the year or region (Table 2). The NNT for 1 stroke was
estimated at 21.7 (95% CI: 16.1 to 31.5) assuming a
CHADS2 score of 3 for the pooled population.

The adjusted rate of TIAs was observed to be 0.5/100 PY
(95% CI: 0.1 to 0.8/100 PY), with an estimated NNT of
23.3 (95% CI: 16.9 to 35.5). The pooled composite rate of
neurological events across all studies was found to be 1.1/100
PY (95% CI: 0.6 to 1.6/100 PY) (Fig. 2, Table 3) with a
NNT of 25.0 (95% CI: 17.7 to 40.4).
Safety outcomes. Tables 4 and 5 demonstrate the adjusted
pooled rates of periprocedural adverse events per 100 pro-
cedures observed across the studies. We calculated a com-
bined adverse event rate of 16.0% (95% CI: 13.6% to
18.7%). There were no statistically significant differences in

Figure 1. Devices Used for LAA Closure

(A) Amplatzer Cardiac Plug device. (B) Percutaneous Left Atrial Appendage Transcatheter Occlusion device. (C) Watchman device. (D) LARIAT device. LAA ¼ left atrial
appendage. Images were acquired from the websites of the following companies, with permission: Appriva Medical, AGA Medical Corporation/St. Jude Medical, Boston
Scientific, and SentreHeart.
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Amplatzer Cardiac Plug  
PLATO 

Watchman LARIAT 

Bajaj et al. J Am Coll Cardiol Intv 2014;7:296–304  
 



WATCHMAN™ PROTECT AF trial 

JAMA. 2014;312(19):1988-1998. 



Procedura di chiusura LAA 

 
Procedura transcatetere eseguita in anestesia generale presso un qualsiasi 
laboratorio di cateterismo cardiaco. Prevede il posizionamento del dispositivo 

all’interno dell’auricola sinistra mediante accesso venoso femorale ed 
attraversamento del setto interatriale. 

 
Step principali: 

 
•  Valutazione anatomica preliminare dell’auricola sinistra (LAA) à 

•  Puntura Transettale 

•  Navigazione in atrio sinistro ed in auricola sinistra 

•  Criteri per il rilascio definitivo à 

Scelta della 
dimensione 
del device 

Eventuale ricattura e 
riposizionamento del 

dispositivo 



Medioesofagea a 0° 

Valutazione anatomica preliminare dell’auricola sinistra: 
proiezioni standard per visualizzazione LAA 

Medioesofagea a 120° 

Medioesofagea a 90° 

Medioesofagea a 30° 

Transgastrica a 100° 



Lineare: Cactus 



Lineare: ChickenWing 



Complessa: WindSock 



Complessa: Cauliflower 



Valutazione anatomica preliminare dell’auricola 
sinistra: confermare l’assenza di trombi in LAA 

Medioesofagea a 30° 



Medioesofagea a 30° 



Medioesofagea a 90° 



Medioesofagea a 0° e 90° con 3D Xplane 



Medioesofagea a 30° e 120° con Xplane 



Transgastrica basale a 100° 
° 



Integrità setto interatriale (puntura transettale) 
° 



Valutazione anatomica preliminare dell’auricola sinistra: 
misurare l’ostio e la profondità dell’auricola in almeno 4 
proiezioni 



Più accurato di 2D per misurare ostio LAA, meglio anche durante 
procedura? 
 

Nucifora et al. Circ Cardiovasc Imaging. 2011 Sep;4(5):514-23 

TEE 3D 



Diametro dell’ostio 
(mm) 

Diametro del 
dispositivo (mm) 

17 - 19 21 

20 - 22 24 

23 - 25 27 

26 - 28 30 

29 - 31 33 

Scelta del dispositivo 

Watchman: 

Veinot et al. Circulation 1997 
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system,  5.0  MHz  transducer,  General  Electric,  Horten,  Nor-
way).  In  order  to  achieve  optimal  LAA  expansion  during  the
procedure,  a  bolus  of  500  cm3 N/S  0.9%  was  given  aiming  for
a  left  atrial  pressure  of  at  least  12  mmHg.

AmplatzerTM cardiac  plug  (ACP)  design

The  ACP  is  a  self-expanding  device,  specifically  designed
for  LAA  closure  (Fig.  1).  It  consists  of  a  distal  lobe  and  a
proximal  disk  connected  by  a  short  waist,  made  of  a  nitinol
mesh  with  two  polyester  patches  sewn  on  the  lobe  and  the
disk.  The  lobe  has  up  to  six  additional  stabilizing  wires  (i.e.
miniature  teeth)  to  assure  retention.  The  ACP  is  available  in
lobe  diameter  sizes  ranging  from  16  to  30  mm  (in  2  mm  size
increments),  with  a  6.5  mm  fixed  lobe  length  irrespective
of  the  lobe  width.  The  disk  is  4  and  6  mm  larger  than  the
lobe  for  sizes  ranging  between  16---22  mm  and  24---30  mm,
respectively.  The  total  device  length  is  10  mm.  The  lobe
adapts  to  the  inner  LAA  walls  at  a  depth  of  approximately
10  mm  from  the  ostium,  and  the  disk  seals  the  LAA  ori-
fice  in  a  way  that  has  been  termed  the  ‘‘pacifier  effect’’,
which  is  self-explanatory.9 The  articulating  waist  allows  self-
orientation  of  the  device,  adjusting  to  the  LAA  anatomy.
The  ACP  is  implanted  using  a  trans-septal  approach  via  the
femoral  vein,9---13 and  is  fully  retrievable  and  repositionable.
Radio-opaque  markers  at  each  end  of  the  device  facilitate
fluoroscopic  positioning.

Echocardiography

The  LAA  was  assessed  from  the  mid-esophageal  and  high-
esophageal  views  from  0◦ to  120◦ (at  0◦, 45◦,  75◦,  90◦, and
120◦).  Because  of  width  variability  during  the  cardiac  cycle,
the  largest  LAA  diameters  were  measured  (Fig.  2).  Mea-
surements  were  made  at  three  levels:  (1)  the  LAA  ostium
(LAA-O),  measured  from  the  most  proximal  part  of  the  LAA,
between  the  proximal  left  circumflex  artery  to  the  roof  of
the  LAA  at  the  level  of  the  ligament  of  Marshall  or  to  the

Figure  1  The  AmplatzerTM Cardiac  Plug.  The  AmplatzerTM

Cardiac  Plug  consists  of  a  distal  lobe  (broken  white  line  A)  and
a proximal  disk  (broken  white  line  B)  which  are  connected  by
a short  articulating  waist  (white  circle).  The  lobe  has  up  to
six additional  stabilizing  wires  (white  arrows)  to  assure  device
retention.  The  A/B  ratio  is  unique  for  each  device  (e.g.  for  a
20 mm  lobe,  the  A/B  ratio  is  20/24  =  0.833,  and  for  a  26  mm
lobe, the  A/B  ratio  is  26/32  =  0.8125).

left  upper  pulmonary  vein;  (2)  the  landing  site  of  the  ACP
lobe  (LAA-L),  measured  10  mm  distal  to  the  LAA  ostium  and,
(3)  the  depth  of  the  LAA  (LAA-D),  measured  by  drawing  a
perpendicular  90◦ line,  from  the  ostium  to  the  apex  of  the
LAA.  During  and  after  the  procedure,  TEE  was  also  used  to
look  for  possible  complications  such  as  thrombus  formation
and  pericardial  effusion.

Figure  2  Transesophageal  Evaluation  of  the  LAA.  The  LAA  is  assessed  in  multiple  TEE  views  (examples,  panel  A:  90◦,  panel  B:
120◦;  see  Methods  section  for  details).  The  diameter  (broken  white  line)  of  the  LAA-O  is  measured  from  the  proximal  aspect  of  the
origin of  the  circumflex  artery  (black  arrow)  to  the  tip  of  the  ligament  of  Marshall  (white  arrow).  The  diameter  (solid  white  line)  of
the LAA  at  a  depth  of  10  mm  from  the  ostium  representing  the  lobe  landing  zone  (LAA-L),  and  the  LAA  depth  (broken  white  line)  are
also measured.  LAA,  left  atrial  appendage;  LAA-L,  left  atrial  appendage  at  10  mm  depth  from  ostium;  LAA-O,  left  atrial  appendage
at ostium;  TEE,  transesophageal  echocardiography.
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Criteri di rilascio (PASS) 

I seguenti criteri devono essere soddisfatti prima del rilascio definitivo: 
 

Position – il dispositivo deve essere rilasciato a livello dell’ostio 
dell’auricola o in posizione leggermente distale   

 

Anchor – le barbe di ancoraggio sono fissate ed il dispositivo risulta 
stabile 

  

Size – il dispositivo è compresso dell’8-20% rispetto alla configurazione 
originale 

  

Sealing – il device estende l’ostio e tutti i lobi dell’auricola sono chiusi 
 

              Se necessario il dispositivo può essere ricatturato!!! 



Posizionamento device 

troppo prossimale 
 

troppo distale 
 



Escludere leak residui 

Sealing dispositivo 



Pitfalls 
Chiusura incompleta LAA 

Viles-Gonzales et al. J Am Coll Cardiol. 2012 Mar 6;59(10):923-9 

Ruolo controverso leak residuo o insorgente a distanza 



Pitfalls 

Amplatzer Cardiac Plug à figura dell’8 

Bertrand et al. J Am Soc Echocardiogr. 2014 Mar;27(3):323-8 
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The Chicken‐Wing Morphology: An Anatomical Challenge for Left Atrial
Appendage Occlusion

XAVIER FREIXA, M.D.,1 APOSTOLOS TZIKAS, M.D., PH.D.,2 ARSÈNE BASMADJIAN, M.D.,3

PATRICK GARCEAU, M.D.,3 and RÉDA IBRAHIM, M.D.3

From the 1Department of Cardiology, Hospital Clinic of Barcelona, University of Barcelona, Barcelona, Spain; 2St. Luke’s Hospital,
Thessaloniki, Greece; and 3Department of Medicine, Montreal Heart Institute, Université de Montréal, Montreal, Quebec, Canada

Objectives: To describe the particular assessment and closure strategy that was followed in patients with left atrial
appendages (LAA) with an early and severe bend.
Background: The presence of a chicken‐wing morphology with an early and severe bend constitutes one of the most
difficult anatomical settings for transcatheter LAA occlusion.
Methods: Between November 2009 and December 2012, patients who presented chicken‐wing LAA with an early
(<20mm from the ostium) and severe bend (<180°) were identified and included in the analysis. A particular
implanting strategy consisting of deploying the distal lobe of the device inside the chicken‐wing bend was used in all
cases.
Results: Among 42 patients who underwent LAA occlusion during the study period, 5 (12%) presented the pre‐
specified anatomy. Following the mentioned implanting strategy, all patients underwent successful LAA occlusion
using the Amplatzer Cardiac Plug (n¼ 2) and the Amplatzer Amulet (n¼ 3). Successful occlusion was achieved in
all patients. None of them presented any procedural complication. Follow‐up transesophageal echocardiography at
3 months showed successful LAA sealing in all patients and no device embolization or thrombosis.
Conclusions: According to our results, the pre‐specified closing implantation technique for chicken‐wing LAAs with
an early and severe bend might be a valid strategy for this challenging anatomical setting. Further cases will be
necessary to confirm the results. (J Interven Cardiol 2013;26:509–514)

Introduction

Percutaneous left atrial appendage (LAA) occlusion
is a complex interventional technique with a significant
learning curve.1 One of the main challenges of the
technique is related to the heterogeneous anatomy of the
LAA.2 The chicken‐wing morphology is a common
anatomy characterized by the presence of an obvious
bend in the proximal or middle part of the dominant
LAA lobe.2 Occasionally, the bend of the appendage is
so severe that it creates a 180° curve. In general, the
presence of such a severe bend represents an important
challenge for the successful deployment of a closure

device.We describe the assessment and closure strategy
that were used in 5 patients with a chicken‐wing
morphology LAAwith an early and severe bend.

Methods

Patient Selection. Between November 2009 and
December 2012, patients who presented a chicken‐
wing LAAwith an early (<20mm from the ostium) and
severe bend (<180°) assessed by transesophageal
echocardiography (TEE) were identified and included
in a retrospective analysis. The absence of a proper
landing area due to the early bend of the lobe does not
allow a conventional implanting strategy. Patients with
severe bends located>20mm from the ostiumwere not
included since no contact between the device and the
distal bend was anticipated and no specific implanta-
tion technique was therefore required. All patients
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provided written informed consent before the
procedure.
Imaging. The size and morphology of the LAA

was assessed by TEE approximately 1 week before the
procedure. As shown in Figure 1, higher degrees of
TEE angulation allowed visualization of the distal
lobe as depicted by “absence” followed by complete
visualization of the distal lobe at 0° and 135°,
respectively. Procedures were guided both by TEE
and angiography. The angiographic default projection
for most of the LAA occlusion procedures is RAO‐30°
Cranial‐20°. However, in patients with a chicken‐wing
LAA, a RAO‐30° Caudal‐20° projection was found to
be useful as it allowed better visualization of the distal
lobe (Fig. 2). LAA dimensions were measured at a
depth of 10mm from the ostium in mid‐diastole with
both TEE and angiography. In addition, the distance
between the ostium and the beginning of the lobe bend
was measured with the objective to anticipate whether
the distal part of the device would open proximal or
within the distal lobe. In general, we observed that a
distance below 20mm would greatly increase the

likelihood for the device to deploy within the distal
lobe. For this purpose, a 135° projection on TEE was
used as it usually provided the shortest distance
between the ostium and the beginning of bend (Fig. 1).
Implanting Strategy. Procedures were performed

using the Amplatzer™ Cardiac Plug (ACP St‐Jude
Medical, MN, USA) until June 2012 (n¼ 2) and
the second generation ACP (n¼ 3), also known as the
Amplatzer™ Amulet, as of July 2012. Both devices
share a similar main design consisting of a distal lobe
that anchors inside the LAA and a proximal disc that
seals the ostium of the LAA. Procedures were
performed under general anesthesia with TEE and
angiographic guidance. After cannulation of the right
femoral vein, a low and posterior transseptal puncture
was performed. Heparin was then given to keep ACT
above 250 seconds. Once selective angiograms were
performed (Fig. 3—Step 1), TEE and angiographic
measurements were used to choose the size of the
device. Since one side of the device must “hang” inside
the distal bend of the LAA, a discretely larger
oversizing strategy was used: 3–6mm in relation to

Figure 1. Complete TEE sequence of imaging of a chicken‐wing LAA showing an apparent conventional morphology with a clear landing
area (10mm depth) at 0° and 60° views (panels A and B). Further TEE views at 120° (panel C) and 135° (panel D) revealing the presence
of a previously “hidden” early and severe bend without a clear landing area with a distance of 14mm (white arrow) from the ostium to the
bending point.
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was applied to open the proximal disc of the device and
fully cover the LAA ostium (Fig. 3—Step 5). Finally, a
RAO‐30° Cranial‐20° projection was performed to
assess and assure optimal positioning of the disc at
the ostium level (Fig. 3—Step 6). Successful ACP
implantation was assessed by contrast injection
through the delivery system placed in front of the
device after implantation and defined as less than one‐
third LAA filling.3 TEE imaging was also used to
confirm optimal device positioning and lack of
complication. In general, 0°–90° views showed a
good and flat apposition of the device whereas 120°–
130° views tended to show the rotated position of the
distal device lobe within the LAA bend (Fig. 4).

Results

Among 42 patients who underwent LAA occlusion
during the study period, 5 (12%) presented the pre‐
specified anatomy. Baseline and procedural character-
istics are shown in Table 1. Successful implantation
was achieved in all patients. None of the patients
presented any intraprocedural air/device embolization,
stroke or cardiac tamponade. Transthoracic echocardi-
ography 24 hours postprocedure ruled out the presence
of pericardial effusion or device embolization. All
patients were treated with dual antiplatelet therapy for
3 months and then single therapy indefinitely. Follow‐
up TEE was performed 3 months after the index

Figure 4. TEE assessment post LAA occlusion. Dual‐plane TEE views of the same patient showing the apparent flat and symmetric shape of the
device post‐deployment at 0° (panel A) and the asymmetric shape with one side of the lobe sitting inside the chicken‐wing (white arrow).

Table 1. Basal and Procedural Characteristics

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Age 70 81 79 72 76
Gender Female Female Male Male Male
CHADS2 2 4 5 5 4
CHADS2VA2SC 4 6 6 6 5
Indication for LAA closure Intracranial

bleeding
INR

lability
Hemorraghic

stroke
Retroperitoneal

bleeding
Intracranial
bleeding

LVEF (%) 60 45 50 45 60
Largest LAA size! by angiography (mm) 23.6 19.7 19 16.5 31
Largest LAA size! by TEE (mm) 26.5 19 16 17 31
Type of device Amplatzer™

Cardiac Plug
Amplatzer™
Cardiac Plug

Amplatzer™
Amulet

Amplatzer™
Amulet

Amplatzer™
Amulet

Device size (mm) 30 24 22 22 34

LVEF, left ventricular ejection fraction; LAA, left atrial appendage; CHADS2, C (cardiac heart failure)"H (hypertension)"A (age> 75)"D
(diabetes)"S2 (stroke); CHA2DS2VASc, C (cardiac heart failure)"H (hypertension)"A2 (age# 75)"D (diabetes)"S2 (stroke)"V (vascular
disease), A (age 65–74), S (female sex).
!Largest LAA diameter in a depth of 10mm from the ostium.
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optimal LAA exclusion. Before discharge the following
morning, transthoracic echo (TTE) and chest X-ray
(CXR) were performed. The device was seen in good
position by TTE and CXR. There were no clots or
thrombi seen on the device by TTE. The patient was
discharged on acetyl salicylic acid (ASA) 100 mg and
clopidogrel 75 mg daily.

After 4 weeks, the patient was admitted for a new lower
GI bleeding and clopidogrel was stopped. After that epi-
sode, the patient remained asymptomatic without recurrent
events. A 3-month follow-up echocardiogram confirmed
exclusion of the LAA but it demonstrated the presence of a
thrombus on the atrial disk of the device (Fig. 2).

After discovery of the clot on the device, it was
decided to keep the patient on ASA 100 mg with the

addition of enoxaparin 60 mg bid. Thirty days after
initiating enoxaparin and ASA therapy, repeated TEE
demonstrated partial resolution of the thrombus. The
patient was kept on ASA and enoxaparin for 1 extra
month and TEE was repeated. TEE demonstrated total
resolution of the thrombus (Fig. 3). The patient was
discharged on ASA 100 mg. No bleeding was recorded
during the treatment with ASA and enoxaparin.

DISCUSSION

Present data regarding the LAA closure shows good
acute and mid- to long-term results either with the
PLAATO device [4] or with the WATCHMAN device
[4,7]. At mid- to long-term follow-up, the risk of

Fig. 2. Three-month follow-up TEE demonstrated thrombus on the atrial aspect of the
device (white arrow).

Fig. 1. Fluoroscopy images showing the appropriate positioning of the ACP once fully
deployed and just before and after device release.

Thrombus Formation After LAA Exclusion 971
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Pitfalls 

Formazione di trombo sul lato atriale del dispositivo 

Cruz-Gonzalez et al. Catheter Cardiovasc Interv. 2011 Nov 15;78(6):970-3 



Conclusioni 

•  Un’accurata guida ecocardiografica è essenziale sia per 
la preparazione che per la guida periprocedurale degli 
interventi di chiusura dell’LAA 

•  È fondamentale una valutazione su più proiezioni 
dell’LAA, possibilmente associata a una valutazione 3D 

•  Attenzione ai possibili pitfalls, soprattutto mal 
posizionamento del dispositivo e presenza di leak 
residui.  


