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Abstract
Purpose The left ventricular summit (LVS) is a source of difficult-to-treat arrhythmias because of anatomical limitations. 
The aim of this study was to perform detailed research of the left atrial appendage (LAA) anatomy of cadaveric hearts to 
analyze their complex anatomy and coverage of the LVS.
Methods and results Eighty human formalin fixed hearts (mean age 44.4 ± 15.5, 27.5% females) were investigated. Each LAA 
size, type, and its relationship to the LVS were analyzed, as well as possible access sites for mapping/ablating electrode. Four 
types of LAA were observed over two LVS sites that are either accessible or not. The highest coverage over an inaccessible 
LVS area was observed in the Broccoli type, followed by the Windsock then the Chicken Wing and finally the Cactus types; 
over the accessible area of the LVS was observed in the Windsock, then in the Chicken Wing, then in the Cactus, and finally 
in the Broccoli types. The attainable coverage for electrode access is diminished from 25 to 65% because of the complex 
pectinate muscles and sharp angles. The highest density of the LAA floor made by pectinate muscles can be found in the 
Broccoli type (p < 0.005), while the Chicken Wing had the highest number of paper-thin-like pouches.
Conclusions The LAA appears to be a promising entry for ablation-qualified patients with the LV summit originate arrhyth-
mias. The complex internal structure of the LAA may complicate ablation procedures. More prominent appendages are 
promising in more extensive mapping areas over the LVS.
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BMI  Body mass index
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Cx  Circumflex branch
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EAT  Epicardial adipose tissue
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LAD  Left anterior descending artery
LCA  Left coronary artery
LV  Left ventricle
LVS  Left ventricular summit
OM  Obtuse marginal branch
PT  Pulmonary trunk
RFCA  Radiofrequency catheter ablation
SP  Septal perforator
VA  Ventricular arrhythmia
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1  Introduction 

Although the left atrial appendage (LAA) was originally 
thought to be a structural remnant of the developing heart 
with a minor physiological role, however, its significance 
in regulating hemodynamics and changes in cardiac 
rhythm suggests it may pay a more important role within 
therapeutic potentials and patients’ benefits [1, 2]. The 
LAA is also responsible for triggering atrial fibrillation 
in patients who undergo more than one ablation therapies 
[3, 4]. Catheter ablation of idiopathic ventricular arrhyth-
mias (VA) has shown high cure rates and is currently the 
first-line therapy; however, despite its advances, there is 
still a percentage of patients in which ablation cannot be 
successfully performed due to anatomic complexity and 
inaccessible areas to carry out these procedures. One of 
these inaccessible areas, bounded by the branches of the 
left coronary artery (LCA), is the left ventricular summit 
(LVS) [5]. Up to 14.5% of left VA may arise from the LVS 
[3, 6]. The catheter ablation from this region is successful 
in 83.6%; however, in long-term post-ablation, the proce-
dural successful rate decreases to 68.1% [7]. Moreover, 
the complexity and incidence level of VAs are higher than 
those from different regions. Many important and fragile 
structures surround and pass through the LVS, making 
ablations challenging and unpredictable [5].

Anatomically, the LAA works as a favorable anatomi-
cal location for mapping and ablating arrhythmias arising 
from the LVS due to the large anatomical area that it cov-
ers [8]. The first successful radiofrequency (RF) ablation 
from the LAA was performed in 2002 [9]. In 2018, the 
LAA was described as a vantage point for mapping and 
ablating VAs originating from the LVS region in two case 
reports and bipolar RF catheter ablation (RFCA) in Japa-
nese registry [10–12].

2  Anatomy of the LVS and LAA

The current study will explore the detailed anatomy of 
the external and internal aspects of the LAA and content 
of epicardial structures between the LAA and epicardial 
surface of the LVS.

The LVS is a triangular area located at the most supe-
rior part of the left epicardial ventricular region, sur-
rounded by the two branches of the LCA: the left anterior 
interventricular artery and the left circumflex artery (Cx). 
The triangle is bounded by the apex, septal and mitral 
margins, and base [5]. The LVS is bisected by the great 
cardiac vein into an inaccessible area at its superior aspect 
and an accessible area at its inferior aspect [6, 8].

The LAA is a remnant of the primordial atrium, a finger-
like extension originating from the main body at the most 
superior aspect within the LA. The LAA consists of the ori-
fice, the neck, the body, and the lobes (Fig. 3). The entrance 
is known as the orifice and leads to the LAA neck overlap-
ping the Cx branch of the LCA. The neck, which is a flat-
tened in shaped structure, has its proximal margin/border 
located close to the LCA bifurcation, its distal margin/border 
located close to the Coumadin ridge, and its central aspect in 
the midline [13, 14]. The internal structures are lined by the 
pectinate muscle bundles that do not ramify like the teeth of 
a comb. The wall of the appendage is a paper-thin structure 
between the muscle bundles and provides undisrupted acces-
sibility of mapping and ablation sites [14, 15].

3  Methods

We examined 80 dissected human hearts of cadaveric indi-
viduals who died of noncardiac causes. Demographic infor-
mation of cadavers was acquired from the Jagiellonian Uni-
versity records for the donor’s height, weight, age, sex, and 
LAA morphology.

Organs were collected during routine forensic medical 
autopsies. All hearts were dissected from adults (n = 22; 
27.5% were female whose mean age was 41.6 ± 11.5; and 
n = 58; 72.5% were males whose mean age was 44.9 ± 16.1). 
The average body mass index (BMI) was 26.1 kg/m2, and the 
mean heart weight was 442.0 ± 91.2 g. The leading causes 
of death were suicide, murder, and traffic/home accidents.

The hearts from the donors with known severe anatomic 
defects, past cardiac surgeries/interventions, or vascular or 
cardiac pathologies detected during autopsy (aneurysms, 
storage diseases, trauma) were not included into this study.

Each heart, along with the great vessels (their proximal 
portions), was dissected from the thoracic cavity. After 
removing excess blood, all specimens were weighed using 
a 0.5 g precision electronic laboratory scale (SATIS, BSA-L 
Laboratory, Poland). Subsequently, each heart was placed 
in a 10% paraformaldehyde solution for a minimum of 
2 months. The hearts’ cavities were opened in a routine man-
ner. The LVS region was prepared with epicardial adipose 
tissue (EAT) removal and left coronary artery branches were 
revealed (Fig. 1A, B).

It has to be pointed out that the presence of fat can impede 
lesion formation with RF energy. We have observed a signif-
icant amount of adipose tissue seen at the LVS region epicar-
dially prior to EAT removal. Then, on the septal margin, the 
septal perforator (SP) was marked and measured from the 
bifurcation of the LCA and values were recorded (Fig. 1D). 
The SPs were characterized by size; if more than one was 
found within each anterior descending artery (LAD), the 
more prominent one was chosen for the LVS delimitation 
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[5, 8]. The angle of bifurcation between the LAD and the 
circumflex branch (Cx) was measured with a protractor 
and values were recorded. The great cardiac vein was also 
mapped and both the accessible and inaccessible LVS areas 
were analyzed and measured.

The LAAs shape/type was assessed as previously 
described by Wang et al., Kimura et al., and Korhonen et al. 
[16–18]. In brief, the morphology of the LAA based on 
its 4 different physical shapes (Chicken Wing, Windsock, 
Cactus or Broccoli), and its measurements were recorded 
twice (before the incision of its external measurements and 
then after its roof was removed) (Fig. 2). Often, the mor-
phology type/shape was changed after internal analysis was 
performed; therefore, the essential morphology was based 
on 3 criteria: (1) the LAA length (4 cm); (2) the interior 
angle between perpendicular line to the LAA orifice and line 
toward the tip of the LAA (100°); and (3) the lobe number. 
These 3 described criteria were necessary because of the 
complex internal LAA morphology, leading to significant 
discrepancies based just on its shape/type [19]. Nevertheless, 
the 4 shaped was used to simplify data illustration.

The external borders of the LAA neck were measured 
over the mitral LVS margin in accordance with its relation-
ship to the Cx coronary artery (Fig. 1D): the proximal (the 
right border—a single black dot), the mid (the central part—
a double black dot), and the distal (the left border—a triple 
black dot).

All LAA external dimensions were taken and included 
the number of lobes, lengths, and bend angles. After 
that, the roof of the LAA was removed, and the internal 
pectinate muscle framework was analyzed (Figs. 1C, 2) 
by counting the pectinate muscles at the base—the first 

visible separation of the pectinate muscle from the LAA 
floor before division into smaller branches (see white/
blue asterisks in Fig. 2) [13, 14, 20, 21]. No muscles from 
the roof of the removed LAAs were taken into analy-
sis. The gaps between the pectinate muscles were termed 
as “lacuna” or “pouch.” Each pouch with a minimum of 
3 mm width and 5 mm depth was taken into consideration 
as a potential recess for electrodes access (yellow aster-
isks, Fig. 3B). The electrode used for potential LAA abla-
tion was the ThermoCool®SmartTouch™SF D-F curve 
as shown in Fig. 3B. The use of this particular electrode 
was to assess the potential accessibility inside the LAA 
for contact force electrodes. Finally, the distance between 
the LAA floor and the surface of the LVS was measured 
and values were recorded. Dissection in the midline of the 
LAA orifice (a double black dot on Fig. 1D and sagittal 
section on Fig. 3A) and the LA was performed to analyze 
the region between the LVS and the floor of the LAA 
(Fig. 3A).

For assessment of the LAA coverage over the LVS and 
the internal accessible surface, the  Sketchandcalc© (iCalc 
Inc) computer software was used after a precise calibration 
(Fig. 4).

3.1  Statistical analysis

All variables were recorded as means and standard devia-
tions. Correlational analysis between descriptive variables 
(e.g., age, sex, and BMI) and variables were assessed using 
the Pearson correlation method (r) with a significance set as 
p < 0.05. A chi-square test was used to evaluate difference in 

Fig. 1  Specimen preparation. A Heart with EAT over the LVS region. 
B After removal of EAT. C Opening the roof of the Cactus-shaped 
LAA; blue dotted line, internal coverage of the LAA over the LVS; 
red line, borders of the LAA covering the LVS region. D LVS after 
uplift of the LAA; red star, inaccessible area; green star, accessible 
area; single black dot, right border (proximal) of the LAA neck over 

mitral margin; double black dot, midline of the LAA neck; triple 
black dot, left border (distal) of the LAA neck over mitral margin. 
Abbreviations: Ao aorta, Cx circumflex branch, Dg diagonal branch, 
EAT epicardial adipose tissue, GCV great cardiac vein, LAA left 
atrial appendage, LAD left anterior descending artery, LVS left ven-
tricular summit, PT pulmonary trunk, SP septal perforator
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dichotomous data. The t test was used to evaluate difference 
in pectinate muscles density with a p value < 0.05 considered 
significant. All statistical analysis was conducted in STATIS-
TICA v13.3 (Tibco CO) software ©.

4  Results

4.1  Analysis of external LAA data

Four LAA shapes/types were observed as illustrated in Fig. 2 
and those shapes were Cactus, Windsock, Chicken Wing, 
and Broccoli. Their frequency of appearance in the explanted 
hearts investigated and relationships to age, weight, sex, 
and BMI were analyzed. The Windsock-shaped LAA in the 

Fig. 2  Four shapes/types of the 
LAA and schematic illustra-
tion of relation to the LVS. 
White/blue asterisks indicate 
the origin of pectinate muscles. 
Yellow arrows point at lacunas/
pouches attainable for electrode 
access. On schematic pictures, 
red dotted line is the margin of 
the LVS and black dotted line 
is the angle of the bifurcation. 
Abbreviations: Cx circumflex 
branch, Dg diagonal branch, 
GCV great cardiac vein, LA left 
atrium, LAA left atrial append-
age, LAD left anterior descend-
ing artery, LCA left coronary 
artery, LVS left ventricular 
summit, OM obtuse marginal 
branch, PT pulmonary trunk, 
SP septal perforator, proximal, 
mid, and distal refer to the neck 
of the LAA
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cadaveric hearts had the highest frequency of appearance 
which was 36%, followed by the Chicken Wing (29%), the 
Cactus (21%), and the Broccoli (14%). The mean distance 
from the LCA bifurcation to the LAA proximal margin (at 
the right border of the LAA neck) was 3.13 mm, while to 
the distal part (the left border of the LAA neck) 22.05 mm 

(12.61–34.77 mm) (Fig. 1D). In 16 (20%) specimens out 
of total of 80 investigated, the LAA started at the point of 
the LCA bifurcation or reach this point immediately after. 
This occurred in 7 (24%) specimens of the Windsock-shaped 
LAA, 5 (22%) specimens of the Chicken Wing-shaped LAA, 
3 (27%) specimens of the Broccoli-shaped LAA, and 1 (5%) 

Fig. 3  A LAA seen from left atrium incision (big red curved arrow 
presents the course of the electrode from OF to the LAA and yel-
low dotted line is the LVS surface. B Illustrative electrode position 
inside the LAA (yellow asterisks indicate pouches/lacunas, red dotted 

line represents the neck part of the LAA). Abbreviations: AML ante-
rior mitral leaflet, Ao aorta, GCV great cardiac vein, Cx circumflex 
branch, LA left atrium, LAA left atrial appendage, LVS left ventricu-
lar summit, OF oval fossa, OM obtuse marginal branch

Fig. 4  Measurements of the 
“possible/safe” area for the 
LAA access in different types. 
Dimensions calculated with 
 SketchAndCalc© (iCalc Inc) 
computer software. A Chicken 
Wing, B Windsock, C Broccoli, 
D Cactus. Red line—indicates 
the area of the LAA margins. 
Green area—possible elec-
trode access inside appendage. 
Yellow line—open tip of the 
appendage inaccessible for used 
type mapping electrode
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specimen of the Cactus-shaped LAA (Fig. 2I). There was 
no correlation with any shape of the LAA vs. sex, BMI, 
BSA, or length of the appendage. The biggest mean area 
of the LAA was found in the Chicken Wing shaped which 
was 606.31  mm2, followed by the Windsock shaped (519.97 
 mm2), then the Cactus shaped (419.1  mm2), and the smallest 
in the Broccoli shaped (330.56  mm2). All data of the exter-
nal measurements are shown in Table 1.

4.2  Analysis of internal LAA data

After dissection of the roof of the LAA, the number of the 
pectinate muscles was counted (see white/blue asterisks in 
Fig. 2) as described in the “Methods” section. Measurements 
of the internal features of the LAA are shown in Table 2. The 
largest number of the pectinate muscles and largest append-
age were found in the Chicken Wing-shaped LAA (8.8 
pectinate muscles/appendage), but there was no correlation 
between the size of the LAA and the number of the pectinate 
muscles. The smallest appendage was observed in the Broc-
coli-shaped LAA (7.7 pectinate muscles/appendage), fol-
lowed by the Cactus shaped (7.6 pectinate muscles/append-
age) and Windsock (6.8 pectinate muscles/appendage). In 

terms of a “density” ratio (i.e., the pectinate muscle per the 
total LAA area) for each appendage investigated, the highest 
ratio was found in the Broccoli type (0.025), followed by the 
Cactus type (0.02), then the Windsock (0.014), and lastly 
by the Chicken Wing (0.015). The statistical significance 
of the density ratio was found between the Broccoli to the 
Windsock type (p < 0.005) and the Broccoli to the Chicken 
Wing type (p < 0.005).

In the LAA, we have also investigated lacunas/pouches 
using 8.5F (3.0 mm) electrodes to determine access for the 
ablation catheter (Fig. 3B). Smaller pouches were not taken 
into consideration. The highest number of the accessible 
lacunas (min 3 mm width and 5 mm depth) was found in the 
Chicken Wing type (n = 2.9) and the Cactus type (n = 2.4), 
while the Windsock (n = 1.9) and the Broccoli type (n = 1.3) 
had the smallest number of the accessible lacunas (Table 2). 
We created maps of accessible areas inside the LAA (Fig. 4). 
In Fig. 4A, we classified the “pink” area as the inacces-
sible LAA areas due to the shape of the ablation catheter. 
Another obstacle that may prevent safe accessibility of the 
LAA is the possible second internal reverse torque. Even for 
a bidirectional electrode in vivo, some areas may not be able 
to be reachable to ablate. After computing the accessible 

Table 1  Measurements of the external features of the LAA and coverage over the LVS in each type of LAA. LAA prox, proximal (right border of 
the LAA neck, single black dot in Fig. 1D); Dist, distal (left border of LAA neck, triple black dot in Fig. 1D); Inf, inferior; Sup, superior

N = 80 hearts 
(100%)

Lobes of the 
LAA (n)

LAA neck 
prox mar-
gin–distal 
margin ± SD 
(mm)

Angles of the 
LAA axis ± SD 
(deg)

Length of the 
LAA ± SD 
(mm)

LAA area 
 (mm2) ± SD

Coverage 
over superior 
aspect LVS 
(%) ± SD

Coverage over 
inferior aspect 
LVS (%) ± SD

Chicken 
Wing

23 [29%] 1.00 2.44 ± 1.94
22.14 ± 5.07

89.21 ± 11.03
Min: 60
Max: 100

49.97 ± 8.50
Min: 40.50
Max: 75.30

606.31 ± 179.52
Min: 265
Max:1203

74.09 ± 21.09
r = 0.50
p = 0.015

56.55 ± 28.77
r = 0.42 
p = 0.046

Windsock 29 [36%] 1.14 ± 0.58 3.06 ± 2.71 
21.93 ± 3.42

142.93 ± 24.58
Min: 110
Max: 170

46.91 ± 6.74
Min: 40
Max: 69

519.96 ± 113.06
Min: 312
Max: 860

81.61 ± 16.25
r =  − 0.14
p = 0.47

77.74 ± 30.70
r =  − 0.08 
p = 0.68

Broccoli 11 [14%] 1.00 4.17 ± 3.02
23.1 ± 3.23

154.27 ± 25.04
Min: 90
Max: 180

24.24 ± 3.96
Min: 18.20
Max: 29.30

330.56 ± 88.62
Min:172
Max: 521

89.30 ± 11.04
r =  − 0.30
p = 0.37

34.09 ± 38.93
r = 0.42
p = 0.2

Cactus 17 [21%] 2.59 ± 0.79 3.48 ± 2.64
21.59 ± 2.68

141.18 ± 22.60
Min: 95
Max: 170

31.48 ± 3.72
Min: 24.70
Max: 36.15

419.01 ± 123.22
Min: 221
Max: 709

64.45 ± 21.31
r = 0.24
p = 0.35

45.52 ± 31.26 
r =  − 0.23 
p = 0.37

Table 2  Measurements of the internal features of the LAA. *Pectinate muscles, described in the method section; **Lacuna/pouch, min 3 mm 
width/5 mm depth. LVS, left ventricular summit

N = 80 hearts (100%) LAA orifice (hori-
zontal ratio) [mm]

Pectinate muscles* [aver-
age n/LAA] (min–max)

Lacunas** (n) Inaccessible inter-
nal area (Fig. 4)

Distance 
LAA- LVS 
(mm)

Chicken Wing 23 [29%] 19.69 ± 5.20 8.80 ± 3.10 (5–17) 2.90 ± 1.80 35–65% 5.32 ± 2.65
Windsock 29 [36%] 18.87 ± 2.90 6.80 ± 1.80 (5–11) 1.90 ± 1.50 25–45% 6.75 ± 3.41
Broccoli 11 [14%] 18.93 ± 4.60 7.70 ± 2.60 (5–12) 1.30 ± 0.70 30–60% 8.85 ± 2.16
Cactus 17 [21%] 18.11 ± 3.50 7.60 ± 4.30 (4–21) 2.40 ± 1.40 30–65% 6.21 ± 1.84
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area inside the LAA using SkathandCalc, we found that the 
“real” in vivo access inside the LAA can be diminished from 
25 to 65% according to the shape of the LAA (Fig. 4).

The LAA orifice length from the left atrium’s vestibule 
into the appendage is almost similar in all shapes of the LAA 
(Table 2). The biggest size was recorded in the Chicken 
Wing type of the LAA (19.69 mm), followed by the Broccoli 
type (18.93 mm), then the Windsock type (19.87 mm), and 
finally in the Cactus type (18.11 mm). There was no correla-
tion between the entrance orifice length and the length/area 
of the LAA in any type of the LAA (Table 2).

The only correlations observed was between the length 
of the LAA and the lacunas number in the Chicken Wing 
type (r = 0.44 p = 0.04) (Table 2). The LAA area to the 
lacunas number correlates in the Windsock type (r = 0.72, 
p = 0.0001) and the Cactus type (r = 0.75, p = 0.0005) 
(Table 2). The correlation between the number of the lobes 
and the number of the lacunas was only found in the Cactus 
type (r = 0.55, p = 0.02) (Table 2).

4.3  Relationship between LAA and LVS

The mean distance between the LAA floor and surface 
of the LVS was 6.3 ± 2.55 mm (2.8–12.2 mm min–max) 
(Table 2). According to the LAA type, the biggest dis-
tance was in the Broccoli type (8.85 ± 2.16 mm), followed 
by the Windsock type (6.75 ± 3.41 mm), then the Cactus 
type (6.21 ± 1.84 mm), and finally the Chicken Wing type 
(5.32 ± 2.65 mm). The distance was taken in a central aspect 
of the LAA body; however, it has to be noted that the LAA 
floor and the EAT thickness are not distributed equally in 
different types of the LAA (e.g., see Fig. 3A). As already 
mentioned above, the densest floor/density ratio (pectinate 
muscle/appendage) was found in the Broccoli and the Cactus 
LAA types.

The LVS area measurement was conducted by collect-
ing the angle of the LCA bifurcation and the first dominant 
SP. Using Yamada’s equation [8], the calculated LVS mean 
area size was 270.46 ± 160.21  mm2. However, the size varied 
from 33.69 to 792.2  mm2. The superior aspect mean value 
was from 162.23 ± 133.33  mm2 and the inferior mean value 
was from 108.24 ± 108.67  mm2.

The content of the LVS is highly variable. Only 11.25% 
(9 of 80 hearts) of the LVS were shown to have without 
trespassing the coronary arteries passing through them. The 
majority of the LVS contained at least one additional branch 
from the LAD (50 [62.5%] Dx branches in 80 hearts studied 
or 36 [45%] Cx branches in 80 hearts studied) and 16 speci-
mens contained the ramus intermedius. Most (92.5%) of all 
LVS investigated comprise the GCV dividing the LVS into 
the superior and inferior fields. The relation of the LAA-LVS 
with additional coronary vessels is presented in Figs. 2, 1D, 
and 3B.

The biggest coverage over the superior aspect of the LVS 
was found in the Chicken Wing type, followed by the Wind-
sock type, then the Cactus, and finally the Broccoli type 
(Table 1). We found that the highest coverage over the inac-
cessible area was in the Broccoli type (almost 90% of the 
inaccessible area) followed by the Windsock type (81.61%), 
then the Chicken Wing type (74.09%), and finally the Cactus 
type (64.45%).

The biggest coverage over inferior aspect of the LVS over 
the inferior area coverage was found in the Windsock type 
(77.74% of the accessible area), followed by the Chicken 
Wing type (56.55%), then in the Cactus type (45.52%), and 
finally in the Broccoli type (34.09%). The only correlation 
between the LAA size and the LVS coverage was found in 
the Chicken Wing type (r = 0.66, p = 0.0006) (Table 1).

There was no significant relationship between the LAA 
shape/type, percent coverage, sex, BMI, and cadaver weight. 
It is also worth reporting that the Chicken Wing type had 
the highest coverage over the septal summit and aorto-mitral 
continuity from the epicardial aspect.

5  Discussion

The anatomical relationship between the LAA and the LVS 
has previously been represented as case studies, registries, 
and imaging studies [5, 8–12]. In the current study, we con-
ducted detailed analysis of a large sample of cadaveric hearts 
to investigate the LAA’s coverage of the LVS and its useful-
ness in mapping and accessibility to ablate the arrhythmias 
arising from the LVS.

The LVS is bounded by two branches of the LCA bisected 
by the GCV. The superior inaccessible aspect is located 
above the GCV and can be reached from the epicardial 
side. It is covered by an extensive amount of EAT crossed 
by many coronary vessels. From an external approach, the 
LVS appears to be a narrow and delicate space for any clini-
cal maneuvers. The inferior aspect lies below the coronary 
veins. According to electrophysiology studies, the most 
common point of arrhythmias in the LVS region is the transi-
tion between the GCV and the anterior interventricular vein 
also reachable from the epicardial side [22]. This region is 
also accessible from the venous system; however, the venous 
system may hinder a successful approach for ablation proce-
dures [5]. It has been previously described that the LAA in 
98% of human hearts cover the coronary venous transition 
point [8].

5.1  LAA coverage over LVS

The most common morphology amongst investigated hearts 
in our study was the Windsock and the Chicken Wing 
types. Both morphologies with the length of more than 
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4 cm represent approximately 2/3 of all samples. The mean 
biggest LAA area (measured by the external borders) was 
found to be in the Chicken Wing type (606.31mm2) and was 
almost twice as big as the area obtained in the Broccoli type 
(330.56mm2).

Interestingly, we found that the overall size of the LAA 
was not the ultimate indicator for degree of overlap with 
the LVS. Because of different angles and shapes, smaller 
appendages may have a bigger coverage in some parts of 
the LVS. For example, the Broccoli covers the most part of 
the inaccessible/superior area, while the Windsock covers 
the most part of the accessible/inferior of area of the LVS. 
The Chicken Wing (because of its sharp internal angle) pro-
vides the most coverage over the LVS, including the right 
ventricular output truck.

The overall size of the LVS, depending on the anatomy of 
the SP, and the coronary vein course are also highly variable 
amongst individuals [5].

5.2  LAA accessibility

While the external LAA borders, with a large coverage 
over the LVS, may be a promising vantage point for abla-
tion of troublesome VAs, the internal LAA anatomy may 
bring obstacles. After removing the superior aspect of the 
LAA, we discovered that possible access to the LVS could 
be diminished from 25 to 65% from the external borders 
(Fig. 4). This is due to the sharp interior angles in a short 
distance, or the pectinate muscles may hinder access over 
desirable aspects. The pectinate muscles also arise in the 
central aspect of the LAA body and divide subsequent lobes 
(Fig. 2E). The number of the pectinate muscles, indepen-
dently of the LAA type, may vary from 4 to 21; however, 
this is typically in a range from 5 to 9 in 64 hearts. The high-
est density (pectinate muscle/LAA area), and statistically 
significant (p < 0.005), of the pectinate muscles is observed 
in the Broccoli type, while the lowest density was found 
in the Chicken Wing type. The highest number of lacu-
nas/pouches bigger than 3 × 5 mm/pouch was found in the 
Chicken Wing type (2.95/appendage) and the Cactus type 
(2.41/appendage) with statistical correlation of p < 0.005. 
Interestingly, the Cactus type has the highest number of pen-
etrable pouches.

Some publications reported that extensivity of the tra-
beculation network within the LAA correlates with a higher 
rate of thromboembolic risk [23], while other did not find 
this correlation [19]. The Chicken Wing is possibly the most 
advantageous LAA of all types because it has the deepest 
and the most numerous lacunas. Meta-analytic studies indi-
cate that patients with the Chicken Wing LAA morphology 
are less likely to develop thromboembolic events compared 
to those patients with other types of LAA morphologies. 
Specifically, patients with Broccoli morphologies were eight 

times more likely than Chicken Wing morphologies to expe-
rience stroke/transient ischemic attack events [23–25].

The Chicken Wing (because of at least one sharp angle) 
has smaller accessibility for catheter ablation; nevertheless, 
its large area size may compensate the internal access. The 
most accessible LAA type for the mapping electrode is the 
Windsock which offers a large coverage and no accessory 
lobes. The curvatures of the mapping electrodes also limit 
the possible approach; thus, the Windsock type is the most 
accessible LAA of all types.

5.3  LAA and LVS distance

The relationships of the LAA and the LVS in most individual 
clearly demonstrate the usefulness of the LAA as a vantage 
point for approaching the LVS when ablating arrhythmias 
arising from the supravalvular aortic to the septal summit 
region.

The presence of a base made up of fat tissue provides 
promising stability for adequate radiofrequency ablation 
energy delivery into target epicardial muscle tissue to safely 
target VA foci in a more controlled manner [26].

Unfortunately, the space between the LAA and the LVS 
(the inaccessible area) is a sensitive zone that contains the 
coronary artery branches from the left Cx artery or from 
the LAD; therefore, assessing the location of the cardiac 
vessels is crucial for procedural safety [6]. Thus, in patients 
undergoing ablation, pre-procedural imaging with computed 
tomography angiography may be helpful to assess the LAA 
morphology and its relationship to the LVS [17].

Lastly, the long LAA distance to the LVS surface, the 
LAA floor and EAT thickness, can also provide obstacles 
for performing ablation.

6  Limitations

There are a several limitations that are considered:

1. Cadaveric specimens were not surrounded by their phys-
iological environment.

2. The body of the LAA with extending lobes into a com-
plex and multiform structure is difficult to access. There-
fore, the LAA access by electrodes (via a transseptal 
puncture) might be a pitfall and further anatomical 
research is needed to understand the possible mapping 
obstacles.

3. The muscle’ density, which is highest in the Broccoli 
type, makes the floor of the LAA thick and thus may 
affect the measurements performed.

4. EAT size above the LVS is highly variable, and no cor-
relation was found between BMI and BSA thickness.

308 Journal of Interventional Cardiac Electrophysiology (2023) 66:301–310



1 3

5. EAT was removed before measurements were obtained. 
The presence of fat can impede lesion formation during 
RF delivery.

6. The autopsied hearts have smaller LAAs because they 
are not in their physiological state within the body and, 
e.g., have no circulatory blood volume flowing through 
them.

7  Conclusions

The LAA is the anatomical structure close to the left 
sinus of Valsalva, RVOT and pulmonary trunk, and the 
epicardial surface of the summit of the left ventricle. It is 
technically more accessible than the transvenous approach 
over the so-called Bermuda Triangle, which can only be 
completed in anatomically favorable patients [22, 26–29].

The Chicken Wing-shaped LAA has the best coverage 
over the septal summit region and projection over the right 
side of the LVS. The Windsock-shaped LAA is mostly 
accessible type; however, it is not covering the highest area 
of the LVS. The Cactus-shaped LAA contains the highest 
number of pouches and uprising pectinate muscles (in the 
central part of the body) and probably is the most sensitive 
type for access with the ablation catheter. The Broccoli-
shaped LAA is the most robust for access with the ablation 
catheter but has a small range and thick inferior aspect 
therefore less applicable for RF/bipolar ablation.

Overall, the complex anatomy of the LAA provides 
helpful information on its accessibility to terminate trou-
blesome arrhythmias originating from the LVS.
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