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Abstract 

This study aims to investigate the left atrial appendage (LAA) regarding external 

morphology, positional relation of the ostium of LAA to the left superior pulmonary vein 

(LSPV), ostium shape, ostium diameter and functional depth. LAA of sixty-five cadaveric 

hearts were examined. The prevalence of Cauliflower, Windsock, Cactus and Chicken wing 

type of LAA were 27.7%, 27.7%, 26.1% and 18.5% respectively. LAA with two lobes was 

the most common. All specimens showed no accessory LAA. The relation of the ostium to 

the LSPV was found in two types which were mid-type (LAA ostium was at the same level 

as LSPV) in 29 cases (44.6%) and inferior type (LAA ostium was below the level of LSPV) 

in 36 cases (55.4%). The shapes of LAA ostium were oval and round with a prevalence of 

55.4% and 44.6% respectively. The diameter of round type ranged from 9.53- 21.51 mm with 

a mean of 14.56±2.6 mm. While in oval type, the long and short diameters ranged from 

11.61-31.71 mm with a mean of 14.23 ± 4.2 mm and 6.70- 23.90mm with a meanof 11.66 ± 

3.5mm, respectively. The surface area of the ostiumwas calculated from the ostium diameter, 
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range from 71.29-594.92 mm2with a mean of 169.56±84.73 mm2. There was no statistically 

significant difference of the surface area between LAA types. The mean functional depth of 

LAA was 11.57±4.43 mm. The functional depth of the Windsock-type appeared to be 

statistically significant from the others. However, there was no correlation between the 

functionaldepth and the ostium surface area. This morphometric data might be beneficial for 

deployment of LAA closure device in the Thai population. 

Key words: functional depth of LAA, left atrial appendage, left atrial appendage 

closure, left superior pulmonary vein, ostium diameter, ostium shape, ostium surface 

area 

 

 

Introduction 

 The prevalence of atrial fibrillation (AF) in Thai elderly aged more than 65 is 1.9% 

and tends to be higher in older population [15].AF is known to be a common risk factor for 

stroke. Thrombus formation is contributed from 3 elements which consist of abnormalities of 

the heart wall, abnormal blood stasis, and blood constituents as described in Virchow’s 

triad[27]. Abnormalities in coagulation and stasis of blood in the left atrium and left atrial 

appendage (LAA) contribute to stroke risk [10]. Despite efficacy of anticoagulants, many 

agents used in clinical practice are still not able to prevent thromboembolic stroke due to high 

cost and lack of reversibility if bleeding occurs. The risks of anticoagulants lead to great 

interest in alternative treatment including site-specific therapy of LAA occlusion. An LAA 

closure device acts as an occluder to prevent emboli from LAA to flow into the blood stream 

which may cause life-threatening embolic events such as embolic ischemic stroke or 

myocardial infarction [2]. 

The Watchman device is the only device that is FDA (Food and Drug Administration) 

approved [5, 12, 19]. Several parameters such as ostium size and shape, depth of LAA and 

morphological type of LAA must be determined prior to and during device deployments [19, 

28]. Matching of the proper size of the device to LAA morphology is necessary. 

Complications of the Watchman device deployment usually include peri-procedural 

pericardial effusion and procedural stroke, which can be reduced by interventionist’s 

experience according to PROTECT-AF trial [16]. Morphological data of LAA is useful for 

prevention of procedural complication. Investigations of LAA morphological data in both 

living-patient and in cadaveric specimen were performed in CT/MRI/Echocardiography and 

cadaveric examination [1,3,4,7-9,11,13,14,16-18,20-22,25,29]. However, the functional depth 
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of the LAA in each type and its ostium surface area still lacks in cadaveric study [5, 18, 20]. 

These data are necessary for the matching of appropriate device size to the LAA. Currently, 

morphometric data of LAA in Thai population are still unavailable. Therefore, the authors 

conducted this study to provide practical data for deployment ofthe LAA closure device in 

Thai population. Morphological details of LAA in cadaveric specimens of non-congenital 

anomaly heart obtained from the Department of Anatomy, Faculty of Medicine, 

Chulalongkorn University were investigated. 

 

Materials and methods 

Sixty-five formaldehyde-embalmed cadaveric hearts from 23 females and 42 

males(age range 30-107) were provided by the Department of Anatomy, Faculty of Medicine, 

Chulalongkorn University. All specimens had no gross evidence of congenital cardiac 

anomaly. The LAA was inspected externally for determining morphological type based on 

Wang’s classification (Table 1) and number of LAA lobe was identified and counted in each 

specimen. The occurrence of accessory LAA which is a common anatomic variation of LAA, 

often arises from the right upper wall of the left atrium (21) was searched around the 

atrioventricular region. After external morphology was recorded, the left atrium wall was 

incised vertically at 1 cm from the right border paralleled to the right superior and inferior 

pulmonary veins. Then, horizontal incision was made 0.5 cm above the coronary sulcus. The 

posterior wall of LA was everted to expose the LAA ostium (Fig 1). The position of LAA 

ostium in relation to the LSPV was categorized into superior, mid and inferior type. The 

shape of the LAA ostium was noted as oval or roundand its diameter was determined. In case 

of oval shape, the long and short perpendicular diameters were measured (Fig1A). After the 

diameter of each type was obtained, surface area of the ostium was calculated using this 

formula:  A = πr1r2 (r = Diameter/2). In order to prevent the deviation of the spinal needle, a 2 

mm in thickness dough pad with a diameter close to the ostium was placed on the ostium and 

an 18- gauge spinal needle was inserted perpendicularly into the center of the ostium until its 

tip touched the LAA wall. Functional depth was determined by measuring the length of the 

needle from the dough pad to its tip (Fig 2) by a micrometer in 2 point decimal format. Each 

parameter was measured twiceand the average was calculated. To ensure consistency, the 

same micrometer was usedandall measurements were performed by the same investigator. 

 

Statistical analysis 
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Statistical analysis was performed by usingIBM SPSS Statistics Base version 22.0. 

Mean and standard deviation of each parameter was obtained. Levene’s test was conducted to 

verify homogeneity of variance. One-Way ANOVA was used to compare functional depth 

and surface area of the ostium between types of LAA. The correlation coefficient was used to 

measure statistical dependence between functional depth and ostium surface area. A P value 

< 0.05 was determined as statistically significant. 

 

Ethical consideration 

This cadaveric study has been approved by the Institutional Review Board (IRB), 

Faculty of Medicine, Chulalongkorn University (IRB NO.112/62) 

 

Results 

External morphology, types and number of LAA lobe 

 According to Wang’s classification, the number and percentage of each type was: 

Cauliflower (18, 27.7%), Windsock (18, 27.7%), Cactus (17, 26.1%) and Chicken wing (12, 

18.5%) (Fig3). The number of LAA lobe ranged from 1 - 3 lobes. LAA with double lobes 

was the most common (34, 52.4%), followed by one lobe (22, 33.8%), and three lobes (9, 

13.8%), respectively. All samples showed no accessory LAA. 

 

The positional relation to the LSPV, shape, diameter and surface area of the LAA ostium 

Results of the positional relation of the LAA ostium to the LSPV showed that no 

single specimen wassuperior type. The number and percentage of each positional relation to 

the LSPV was 29, 44.6% for the mid-type and 36, 55.4% for the inferior type . 

The shape of the ostium was oval and round. The number and percentage of oval and 

round types were 36, 55.4 % and 29, 44.6% respectively.In round type, the diameter ranged 

from 9.53-21.51 mm with a meanof 14.56±2.6 mm. While in oval type, the long diameter 

ranged from 11.61-31.71 mm with a mean of 14.23 ± 4.2 mm, and the short diameter ranged 

from 6.70- 23.90 with a mean of 11.66 ± 3.5 mm. Surface areas varied widely ranging from 

71.29 -594.92 mm2with a mean of 169.56±84.73 mm2.Details of shape and surface area of 

the ostium are shown in Table 2. Furthermore, the surface area of the ostium did not show 

any statistically significant difference in type of LAA. 

 

The functional depth of LAA and its correlation with ostium surface area 



5 
 

Functional depth of LAA ranged from 4.48-32.14 mm. The mean of the functional 

depth of LAA in each type is shown in Table 2.Statistical analysis revealed that the functional 

depth of Windsock type was statistically significant different from the other types (p=0.036). 

The correlation coefficient showed no significant correlation between the surface area of 

LAA ostium and functional depth of LAA (r = 0.195 p = 0.119).  

 

Discussion 

Nowadays, the left atrial appendage is known as the anatomical area responsible for 

the embolic ischemic phenomenon in atrial fibrillation patients [2]. Many devices are 

developed to prevent emboli from LAA. The Watchman’sdevice is the only FDA-approved 

device [5, 12]. Several parameters such as the ostium size and shape, depth of LAA and 

morphological type of LAA were used before and during device deployment [28].There are 

many reportsthat have involved the classification of external morphology of LAA, but the 

most common one is Wang’s Classification which consists of four types;  Chicken wing, 

Cactus, Cauliflower, and Windsock. In this study population, prevalence of each type was 

similar to previous studies in CT, MRI and three dimensional transesophageal 

echocardiography [1, 3, 6-9, 13, 14, 25] [Table3]. Windsock LAA was reported as the most 

common type and Chicken wing was the least common type in a previous cadaveric study 

[20]. In this study, Windsock and Cauliflower were found equally while Chicken wing was 

found least. Two previous cadaveric studies did not describe the type of LAA [5, 

18].Different results were reported in imaging studies (Table3).However, the outer shape of 

appendage does not have to resemble the inner cavity of the LAA, in order to assess the inner 

cavity appearance of LAA, other method of examine must be proceed such as molding the 

cast of LAA. Shape and size of LAA ostium are also factors to consider prior to device 

deployment and this study revealed that both oval and round shape were found in a similar 

proportion. The variability of ostium shape was found in many studies [18, 20, 22, 25].This 

may be due to the different methods of study in the living or in cadavers (Table 

3).Nonetheless, the evaluation of shape and size of ostium by inspecting the cadaveric 

specimen is rather approximate due to many confounding factors such as the stiffness of the 

specimen or the measurement’s precision etc.  Peri-device leakage after Watchman’s device 

deployment was found in 30% of patients and increased in each serial examination [23]. 

Thus, matching of the appropriate size of the device to the ostium is critical. The diameter of 

ostium is also a very essential parameter in order to select proper device size to deploy 

according to the Watchman device implantation overview [24]. The selected device must 
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achieve 8% to 20% compression [24]. The result of Thai population showed that the maximal 

diameter of the ostium in oval shape was 17.23 ±4.20 mm and in round shape was 

14.55±2.59 mm. which were less than previous studies (Table3). The surface area of the 

ostium was also showed in the same way as ostium diameter. These results might be useful to 

best match the LAA occluding device for Thai patients.  

The functional depth of LAA measured in this study was defined as the distance from 

the ostium surface to the first bend of the LAA. Functional depth of LAA is a crucial factor to 

prevent the pericardial effusion complication in device deployment. Puncture and breakage to 

the LAA wall of the device is a severe and commonly occurring complication 

[16].Comparing to previous studies, the current study measured functional depth by using an 

18-guage spinal needle to define the distance from the ostium to the atrial wall of the first 

bend of LAA, while others measured by imaging modality [4, 17, 25, 29] and cast mold from 

LAA cadaveric specimens [18]. From this study, there was a range of variations in functional 

depth according to size and type of LAA. Furthermore, the functional depth of the Windsock 

type was significantly different when compared to other groups. This result is expected given 

the shape of the windsock type which usually bends in less angle and consists of only one 

dominant lobe. Using the spinal needle to estimate the functional depth may be not 

representing the actual depth. Its tip can enter far and to very narrow parts of the LAA cavity 

as shown in Fig 2. In the practice, the pigtail-guide ending is much wider which limits the 

penetration to the narrow part of the LAA cavity. As aforementioned, the most life-

threatening and common peri-procedural complication is pericardial effusion, which is a 

result from advancing the device too deeply, thereby penetrating the LAA wall. Therefore, 

the correlation between functional depth and ostium surface area was evaluated and showed 

no correlation between these two parameters (r = 0.195, p = 0.119). From the previous study, 

it was shown that increasing the number of LAA lobes was significantly associated with the 

existing LAA thrombus despite the clinical risk and blood stasis [26]. Results of the LAA 

lobe number showed similarity to earlier researches that the maximum number was three 

lobes, but the prevalence of each number of lobes was not concordant with others [20, 25].   

The accessory lobe of LAA which often arises from the right upper wall of the left atrium 

was reported in 3 patients in the study of Vargas et al. (n=54) [21]. One of them contained a 

thrombus. There was no accessory LAA lobe in this current study. 

During occluding device deployment, one of the essential landmarks is the LSPV. 

Therefore, the relationship between LAA ostium and the LSPV was studied and classified by 

López et al. into three types, superior-type (LAA ostium level was above LSPV), mid-type 
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(LAA ostium was at the same level as LSPV) and inferior type (LAA ostium was in at the 

level below LSPV). The result of this study revealed that only two relations, inferior-type and 

mid-type were presented. The inferior type was more common.This data was in accordance to 

the previous cadaveric study which reported that the superior-type was the least common. 

[20] 

 

Limitations of the study 

Limitations of this study included the use of embalmed cadavers which might yield 

different results from fresh or soft-embalmed cadaveric hearts. Also, all specimens were 

collected from donors with the average age of 60 and we did not know whether or not they 

were AF patients. Increasing the number of specimens and knowing the history of heart 

disease may show other significant results. As aforementioned discussed, molding the cast to 

evaluate in inner cavity of LAA may yield more accurate parameter. 

 

Conclusions 

The morphology and morphometric data of the left atrial appendage in Thai cadaveric 

specimen was described; the proportion of each morphological category based on Wang’s 

classification was in similar proportion. Two-lobes-LAA is the most common in our samples. 

Osmium shape of both oval and round type, was also in similarproportion. The surface area 

of the ostium appeared to have significant variation, but the relationship between surface area 

and each morphological type was not found. The functional depth of LAA was also varied 

depending on the morphological type of LAA. Windsock-type functional depth appears to be 

significantly different from other types. There is no accessory lobe of LAA found in the study 

samples. The most common relationship between LAA and LPSV found in this study was the 

inferior-type. 
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Table 1. Main characteristics of LAA type based on Wang’s Classification (24) 

 

  

The LAA type Main Characteristics 

Chicken wing An obvious bend in the proximal or middle part of the dominant lobe 

Windsock  One dominant lobe of sufficient length as the primary structure 

Cauliflower  Limited overall length, more complex internal characteristics and a  

number of significant lobes present without one dominant lobe 

Cactus  A dominant central lobe with secondary lobes extending from the 

central lobe in both superior and inferior directions 
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Table 2. Morphology and morphological data of the left atrial appendage  

 

 

 

  

Type of LAA appendage Cactus Cauliflower Chickenwing Windsock Total 

N 17 18 12 18 65 

Shape of 

ostium 

Oval 11 9 8 8 36 

Round 6 9 4 10 29 

Ostium 

surface 

area 

(mm2) 

Mean ± SD ( 

Range ) 

199.13±116.21 151.08 ±78.82 174.98±77.08 156.50±53.15 169.56±84.73 

(93.20-594.93) (71.29-363.20) (78.93-296.36) (84.27-284.67) (71.29-594.93) 

95% 

CI for 

mean 

Upper 

bound 
258.88 190.28 223.95 182.94 190.56 

Lower 

bound 
139.38 111.88 126.01 130.07 148.56 

Functional 

depth 

(mm) 

Mean ± SD ( 

Range ) 

12.71±6.14 9.86±2.44 8.99±2.78 13.94±3.54 11.57±4.43 

(6.54-32.14) (4.87-13.86) (4.48-13.71) (6.65-20.29) (4.48-32.14) 

95% 

CI for 

mean 

Upper 

bound 
15.87 11.07 10.76 15.1 12.67 

Lower 

bound 
9.55 8.64 7.22 12.17 10.47 
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Table 3. Comparison of morphological types of the left atrial appendage, shape, diameter and 

surface area of the ostium between this study and eight previous studies 

  Wang  

et al. 

(24) 

Di 

Biase 

et 

al.(1) 

Kong  et 

al. 

(9) 

Kimura 

et al  

(8) 

Khurra

m et al 

(7) 

Nedios 

et al 

(14) 

Su et al 

(19) 

Üerler et al 

(13)  

Current 

study 

Method CT CT or 

MRI 

CT CT CT CT Gross 

specimen 

Gross 

Specimen 

Gross 

specimen 

N 612 932 219 80 1063 100 31 56 65 

Morphological 

type 

                

Chicken wing 18.3% 48% 52.2% 17.5% 45.1% 32%  12% 18% 

Windsock 46.7% 19% 23.9% 37.5% 26.4% 10%  38% 28% 

Cauliflower 29.1% 3% 13.0% 40% 10.3% 40%  26% 28% 

Cactus 5.9% 30% 10.9% 5% 18.4% 18%  24% 26% 

 

Type of ostium 

         

Oval 68.9%       37.5% 55% 

Round 5.7%       62.5 45% 

other 25.4%         

 

Diameter of 

ostium (mm) 

(mean ± SD ) 

         

Oval shape 

(long, short  

diameter) 

25.4 ±5.5 

16.8 ±4.5 

     17.4 ±4.0 

10.9 ±4.2 

16.5±4.0 

10.7±3.9 

17.2 ±4.2 

11.6±3.5 

Round shape 24.6 ±4.7        14.5±2.6 

Unspecified  

type 

  * 

25.14±5.5  

24.14±3.58  

26.07±3.26 

27.38±3.70 

  

27.4±7.1 

** 

20 ±4 

18 ±4 

19 ±5 

21 ±4 

 

   

Surface area 

(mm2) (mean ± 

SD ) 

374.5 

±184.4 

  462.5 

±213.4 

 ** 

36±15 

45±28 

35±16 

32±15 

  169.56 

±84.73 

 

Distance from 

the orifice to the 

first bend (mm) 

(mean ± SD ) 

 

14.1±4.0 

      

7-12 

(range) 

  

11.57 

±4.43 

 

*, ** in order of Chicken wing, Windsock, Cauliflower and Cactus respectively 
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FIGURE LEGENDS 

Fig.1 The left atrial wall was everted to evaluate the shape and diameter of LAA ostium. A). 

Oval type ostium, long diameter (AB) and short diameter (CD) B). Round type ostium, both 

diameter (AB and CD) were equal. 

Fig2. Diagram showing the measurement of functional depth of LAA. A).Cactus B). 

Cauliflower C). Chicken wing D). Windsock  

Fig3. The morphological type of LAA based on Wang’s Classification A).Cactus B). 

Cauliflower  C). Chicken wing  D). Windsock 

 








