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Abstract 

In atrial fibrillation (AF), about 80% of the 

thrombi originates in left atrial appendage (LAA). 

However, it is still unclear how and to what extent 

LAA impaired mechanical contraction and the 

consequent compromised blood wash-out affects 

thrombogenesis. In this study, we proposed a novel 

approach to extract the centerline of LAA and defined 

different contraction parameters to assess the global 

impact of AF on LAA. Moreover, we also sub-divided 

the LAA into different regions and then performed 

regional contraction analysis. Up to now, we have 

tested this approach on patient-specific dynamic 

models of LAA, acquired from 5 normal subjects and 

5 AF patients. Our algorithm successfully defined the 

LAA centerline, irrespective of the existence of 

variable LAA morphologies and with the help of 

global and regional contraction parameters, the 

differences in the contractility of LAA in normal and 

AF patients were demonstrated.  
 

 

1. Introduction 

The left atrial appendage (LAA) is a complicated 

tubular structure possessing a narrow orifice that 

connects it to the left atrium body [1,2]. Furthermore, 

it carries unique anatomical and physiological 

properties [3]. In the past it was considered a 

relatively insignificant structure of cardiac anatomy; 

more recently, with continued in-depth analysis, the 

LAA is now considered a predominant location for 

thrombus development in individuals afflicted with 

non-valvular atrial fibrillation (AF) [4]. In fact, 

approximately 90% of the thrombus in AF occurs 

within the LAA [5]. Patients affected by AF exhibit 

improper contractility of the LAA, leading to 

stagnant blood flow within the LAA and increasing 

the risk of thrombus blood flow, ultimately resulting 

in stroke [6]8]. 

Moreover, the in-depth analysis of the contraction 

of LAA is still missing. Therefore, in this study, we 

aim to assess the contractility of LAA and to evaluate 

the differences in contraction between normal and 

pathological LAA anatomies. For this purpose, we 

are proposing a novel approach of extracting the 

centerline of LAA and with reference to the 

centerline, we are defining LAA global contraction 

parameters. In addition, we are dividing LAA into 

distinct regions and evaluating regional LAA 

contraction parameters. 

 

2. Material and Methods 

2.1. Dynamic image data acquisition 

CT dynamic acquisitions of the heart were 

obtained for five patients with AF with a control 

(CTRL) group of five normal subjects having normal 

size of heart structures and no previous history of AF. 

Volumetric CT images were reconstructed for a 

total of 10 phases from ventricular end diastole. Each 

reconstructed CT volume was 512x512x200 pixels. 

The voxel resolution was not isotropic: in-plane 

resolution was 0.39 mm, and through-plane 

resolution was 1 mm, resulting in a voxel size of 

0.39x0.39x1 mm3. 
 

2.2. Image segmentation 

    To reconstruct surfaces, the first acquired volume 

along cardiac cycle was considered. An active 

contour algorithm was used, which was previously 

developed in MATLAB environment. For 

segmentation, an algorithm based on deformable 

model theory was restricted to LA chamber including 

LAA only, by defining a region of interest (ROI), and 

then initialized. Evolution was stopped when 
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deformable surface meets the LA endocardium. The 

resulted surface in stereolithography format. 

In the next step, an affine transformation was 

applied between ten CT volumes of each dataset. The 

rigid LA motion was subsequently enhanced by 

employing a 3D non-rigid registration technique that 

is founded on the B-spline transformation model [9], 

utilizing the mean square difference as a measure of 

similarity. Following the  registration procedure, the 

displacements between frames were implemented on 

the vertices of the LA surface to reconstruct the LA 

surfaces along the cardiac cycle [10].  
 

2.3. Post processing of surfaces 

Before applying the centreline extraction 

approach, Laplacian smoothing was implemented on 

the LA surfaces. 

Then the LA appendage, specifically at its orifice, 

was manually detached from the LA body based on 

visual observation, taking into consideration the 

surface's curvature, and incorporating the ridge 

within the LA chamber (Figure 1a).  
 

2.4. LAA centerline extraction and 

regionalization 

 As a first step of LAA centerline extraction method, the 

best fitting LAA orifice plane was computed (Figure 1(a)). 

Then this plane was translated in the orthogonal direction 

to the orifice plane, towards the tip of LAA. As the 

translated plane intersected the LAA surface, the 

intersecting points were considered to compute the new 

barycenter. Using this barycenter and the intersecting 

points, a new best fitting plane was formulated, 

having the normal in the direction of previous 

barycenter and the new barycenter (Figure 1(b)). 

Then, if the new plane completely intersects the 

LAA, then the intersection was considered correct 

and complete. In case of incomplete intersection, a 

rotation was applied to the plane till the intersection 

was completed (Figure 1c). Using these intersecting 

points, the barycenter was computed and considered 

as one of the points of the centerline of LAA. These 

steps were repeated till the tip of the LAA was 

reached and by connecting all the points, LAA 

centerline was generated (Figure 1d).  

After the extraction of LAA centerline, LAA 

regionalization was applied to explore regional 

differences. For this step, the LAA surface was 

partitioned into three regions by splitting LAA 

centerline into equidistant sections. These regions 

were named proximal, medial, and distal from the 

LAA to the tip (Figure 1e, left). Subsequently, LAA 

was divided into two regions along its longitudinal 

direction, using the centerline best fitting plane. In 

this step, the region towards the LA body was 

identified as the medial region while the region 

towards the mitral annulus was labeled as the lateral 

region (figure 1e, right).  

To justify that the proposed LAA centerline 

extraction approach has the capability to work on 

variable LAA morphologies. This algorithm was 

tested on the four classical structural morphologies of 

LAA, presented in the literature [12]. The 

classification system was based on the shape and 

structure of LAA and identified them as: “Chicken 

wing” being the most common (48%), followed by 

“Cactus” (30%), “Windsock” (19%), and 

“Cauliflower” being the least common (3%) [13]. 
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Figure 1: a) LAA surface with best fitting ostium plane (red) 

and barycenter of ostium (black dot). b) LAA surface with 

translated ostium plane (red) and newly generated intersecting 

plane (blue). c) LAA surface with newly generated rotated 

intersecting plane along with the barycenter of the ostium and 

the intersecting points (black dots). d) LAA surface with 

piecewise linear centerline, starting from the ostium barycenter 

till the tip of the LAA surface. e) (left) subdivision of LAA into 

03 regions, (right) subdivision of LAA into 02 regions.   
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2.5. LAA contraction parameters 

Standard primary parameters throughout the cardiac 

cycle were computed to assess LAA function including 

LAA volume-time curve, LAA ejection fraction (EF), 

LAA orifice area, LAA centerline length and tortuosity. 

To assess regional changes, region-based contraction 

parameters were defined. For each region, regional radial 

dimension (RRD) was evaluated, as the average of 

Euclidean distance of each vertex belonging to a specific 

region from the centerline; regional radial strain (RRS) 

was then computed as: 

 

RRS(x) =
RRD(x) − RRDmin

RRDmin

∙ 100 

where RRD(x) is the current regional radial dimension at 

the time x and RRDmin is the minimum regional radial 

dimension throughout the cardiac cycle. Once RRS was 

computed for each region, the global radial strain (RS) was 

calculated as the average RRS value of medial and lateral 

at each frame. To compute longitudinal strain, the variation 

in the length of LAA centerline was traced out throughout 

the cardiac cycle with reference to the minimum of LAA 

centerline length, using this formula: 

 

LS(x)=
LAAlen(x)-LAAlen_min

LAlen_min

∙100 

where LAlen(x) is the LAA centerline length at current 

frame x and LAlen_min is the minimum LAA centerline 

length throughout the cardiac cycle. 

Contraction of each region was assessed in terms of 

regional wall motion (RWM), calculated as the difference 

between current RRD and minimum RRD for each region.  

The index of LAA asynchrony (IARWM) was computed 

separately among the three regions and the two regions. 

Finally, for each surface region, regional peak wall motion 

was divided by peak regional radial dimension to obtain 

regional shortening fraction (RSF). RSF was computed for 

each surface segment and averaged for each subject. 

 

3. Results and Discussion 

Anatomical models derived from CT imaging were 

analysed in 5 normal subjects and 5 AF patients. The 

approach was found feasible in all subjects.  

Centerline detection in all the four different 

morphologies of the LAA was successful. In Figure 2 we 

show an example for each LAA type. 

LAA orifice area, RRS and RSF for proximal region 

demonstrated statistically significant differences (p<0.05) 

between the two groups. However, in this small study, 

other parameters like global longitudinal strain, global 

radial strain and IARWM did not report significant 

differences. The main findings have been reported in 

Figure 3. 

Among all the parameters, LAA orifice area variation 

presented statistically significant differences. The median 

LAA orifice area percentage variation in CTRL group was 

59.6% in comparison with 37.1% in AF group (p < 0.005) 

which potentially highlights the disturbed contractility in 

AF group. It was also seen that the LAA centerline length, 

LAA orifice area and LAA tortuosity values were higher 

in the AF group compared to CTRL which showed the 

existence of dilation and complex morphological behavior 

of LAAs in AF group. Nevertheless, the differences were 

found to be not statistically significant. 

For region-based analysis, the LAA was subdivided into 

distinct regions. Nonetheless, only the proximal region 

showed the significant differences between CTRL and AF 

groups in terms of RRS and RSF. For proximal region, 

mean peak RRS in CTRL group was 47.9% while in AF 

group, it was 20.7% (p = 0.05). Similarly, mean peak RSF 

in the CTRL group was 0.32 and 0.17 in the AF group (p 

<0.05). This assessment strengthens the previous result 

where dysfunctionality in the contraction of LAA orifice 

was detected as the orifice is a part of proximal region. 

The proposed approach has several limitations, and this 

is because of the complex, curvy shape of LAA and the 

Figure 3: Computed LAA contraction parameters in CTRL and 

AF group 

CTRL group AF group 

Figure 2: Centerline extraction of variable morphological 

anatomies of LAA. a) Windsock. b) Chicken wing. c) Cactus. 

d) Cauliflower. 
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existence of high variability in the morphology of the 

LAA.  In some cases, when there exist multiple lobes, the 

identification of primary lobe can be misleading which 

generates incorrect centerline and ultimately includes error 

in the quantification of contractility. In such cases, there is 

a possibility to manually identify the main lobe and re-

generate the centerline, which makes this method 

semiautomatic. 

 

4. Conclusion 

To conclude, the approach presented in this study has 

the potential to extract the centerline of LAA irrespective 

of the morphological variations in LAA. Furthermore, the 

proposed LAA contraction parameters have the capability 

to assess and quantify the global and regional contractility 

of LAA. 
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