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[Abstract]  Objective This study was designed to investigate left atrial appendage (LLAA) size and
morphology characteristics in patients with non-valvular atrial fibrillation (NVAF) by enhanced cardiac computed
tomography (CT) scanning, and to evaluate the predictive value of these parameters for thromboembolic risk.
Methods A total of 189 NVAF patients were prospectively enrolled during December 2012 to January 2014 in West
China Hospital of Sichuan University. Fifty-two atrial tachycardia patients without organ dysfunction were also
recruited as controls. All subjects were scheduled for radiofrequency ablation and underwent enhanced cardiac CT
scan. The clinical characteristics, comorbid diseases, anticoagulant therapy, and AF chronicity were collected and
CHA,DS,-VASc score was calculated for the assessment of thromboembolic risk. The NVAF cohort was also
divided further into LAA thrombus present (n = 13) and absent (n = 176) subgroup according to LAA with
thrombus or not. Differencesin size and morphology characteristics of the LAA were compared among controls and
different CHA, DS,-VASc thromboembolic risk subgroups, and between LAA thrombus and non-thrombus group.
In addition, logistic regression analysis was used to identify whether these parameters predict thrombus formation
independent of the CHA,DS,-VASc score in NVAF patients. Results Compared with controls, NVAF patients had
significantly bigger orifice size. Windsock and cactus-type LAA were main morphology in controls, while the
distribution of the four kinds of LAA types were similar in NVAF patients. The orifice and volume of the LAA were
increased with increasing CHA,DS,-VASc riskscore, and chicken wing-type LAA was the predominant prevalence

in low-intermediate thromboembolic risk subgroup while cauliflower in high thromboembolic risk subgroup.
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Compared with non-thrombus patients. LLAA-thrombussubgroup exhibited a significantly increased orifice and
volume, and higher prevalenceof the cauliflower shaped LAA. Logistic regression showed that the LAA orifice and
cauliflower shape were independent predictors for thrombus formation in patients with NVAF following adjustment
for the CHA,DS,-VASc score. Conclusion Cardiac images obtained with CTis feasible for the analysis of LAA size

and morphology. and these parameters provide incremental value in assessing the LAA thrombus risk in patients

548 &

with NVAF.
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Fig 1 LAA orifice diameter (A), area (B) and depth (C) were measured in the oblique-transverse view of the LAA orifice by CT Fig 2
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LAA volume was analyzed by CT lamination measurement. LAA was respectively displayed at sagittal (A), coronal (B), and horizontal (C) plane
(purple part). After the LAA border was manually delineated by layer, the software automatically calculated the volume Fig 3 LAA
morphology. A: The Cauliflower type LAA exhibits a limited overall length with more complex internal characteristics. B: The Chicken Wing type
LAA exhibits a sharp bend in the dominant lobe of the LAA anatomy at a distance from the perceived ostium. C. The Cactus LAA morphology
exhibits a dominant central lobe, with secondary lobes that extend from the central lobe in both superior and inferior directions. D: The Windsock

type LAA exhibits an anatomy in which one dominant lobe of sufficient length comprises the primary structure
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Table 1

Baseline characteristics of participants

Control group

Variable

CHA;DS;-VASc score subgroup in NVAF patients

(n=52) Total (n=189) 0 (n=70) 1 (n=37) =2 (n=82)
Clinical characteristic
Age/yr. 55.04+15.2 59.4+11.8 50.6+10.6 62.4+8. 65 65.9+8. 84
Age group/case (%)
=75 yr. 0 (0) 8 (4.2)" 0 (0) 0 (0) 8 (9.8)
65-74 yr. 14 (26.9) 57 (30.2) 0 (0) 16 (43.2) 41 (50.0)
Female/case (%) 30 (57.7) 72 (38.1) 25 (35.7) 3 (8. 1) 44 (53.7)
SBP/mmHg 120.7£20. 8 126.1£14.3 124.3+13.3 127.7+£13.0 127.0£15.7
DBP/mmHg 75.9+12.7 784+10.6 78.7+10.6 78.9+10.3 77.0+£10.7
HR/min ! 79.1+22.5 80.2+22.4 77.1£14.8 79.6420.9 83.4+28.0
Comorbid disease/case (%)
CHF 0 (0) 12 (6.3) " 0 (0) 12.7 11 (13.4)
Hypertension 18 (25.8) 72 (38.1) 0 (0) 15 (40.5) 57 (69.5)
Diabetes mellitus 4 (6.9) 14 (7.4) 0 (0) 2 (5.4) 12 (14.6)
History of stroke 0 (0) 8 (4.2)" 0 (0) 0 (0) 8 (9.8)
Vascular disease 0 (0) 15 (7.9~ 0 (0) 12.7 14 (17. D

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HR: Heart rate; CHF: Congestive heart failure. 1 mmHg=0. 133 kPa.

* P<C0. 05, vs. control group; /A P<C0.05, vs. subgroup 0
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Table 2 Baseline characteristics of the NVAF patients with and without LAA thrombus

. Total LAA thrombus subgroup
Variable o P
(n=189) Present (n=13) Absent (n=176)
Clinical characteristic
Age/yr. 59.4+11.8 55.6+9.7 59.8+11.9 0.214
Age group/case (%)
=175 yr. 8 (4.2) 0 (0) 8 (4.5) /
65-74 yr. 57 (30.2) 3 (23.1) 54 (30.7) 0.297
Female/case (%) 72 (38.1) 5 (38.5) 67 (38.1) 0. 866
SBP/mmHg 126.1+14.3 118.9+17.3 126.6+14.0 0.053
DBP/mmHg 78+£10.6 74.9413.1 78.2+10.4 0.259
HR/min ! 80.2+22.4 75.1+16.6 80.6+22.8 0.377
Comorbid disease/case (%)
CHF 12 (6. 3) 2 (15.4) 10 (5.7) 0.483
Hypertension 72 (38. 1) 4 (30.8) 68 (38.6) 0. 440
Diabetes mellitus 14 (7. 4) 1(7.7 13 (7. 4) 1. 000
History of stroke 8 (4.2) 8 (61.5) 0 (0) /
Vascular disease 15 (7.9) 1(7.7) 14(8.0) 1. 000
Anticoagulant therapy
CHA;DS;-VASc score 1.36=+1. 30 2.31+1.32 1.294+1.28 0. 006
Aspirin/case (%) 34 (18.0) 1(7.7) 33 (18.8) 0.122
Warfarinn/case (%) 81 (42.9) 10 (76.9) 71 (40.3) 0. 001
INR value 1.79£0.54 1.8440.59 1.7840.58 0.771
NOACs/case (%) 2 (1. 0 (0) 2 (1.D /
Mean duration of anticoagulation therapy 2.24+1.61 2.1+1.24 2.34+1.85 0.588
prior to CT/d
AF chronicity/case (%)
Paroxysmal 112 (59.3) 6 (46.2) 106 (60.2) 0.319
Persistent 66 (34.9) 6 (46.2) 60 (34.1) 0.563
Long-standing persistent 11 (5.8) 1(7.7) 10 (5.7) 1. 000

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HR: Heart rate; CHF: Congestive heart failure; INR: International

normalized ratio; NOAC: Novel oral anticoagulant (dabigatran, rivaroxaban, apixaban); AF. Atrial fibrillation
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Table 3 LAA data of the controls and NVAF patients with different CHA, DS,-VASc score
Variabl Control group CHA;DS;-VASc score subgroup in NVAF patients
ariable
(n=52) All (n=189) 0 (n=70) 1 (n=37) =2 (n=282)

Orifice/cm 1.86+0. 28 2.1240. 44" "~ 2.00+0. 44 2.15+0.32" " 2.2140.47" " "7
Area/cm? 3.3441.00 3.73+1.41 3.24+1.16 3.96+1.327 4,034+1.54" %%
Depth/cm 2.7740.53 3.02+0. 64 3.04+0.66 2.98+0.55 3.03+0.68
Volume/mL 9.21+£3.18 10. 68+4. 39 9.60+3.89 10.46+3.61 11.70+£4,89 *-#
LAA type/case (%)

Chicken wing 7 (13.5) 49 (25.9) 19 (27. 1) 12 (32. 4) 18 (22.0)

Windsock 25 (48. 1) 43 (22.8) "~ 15 (21.4) 7 (18.9) 21 (25.6)

Cactus 13 (25.0) 45 (23.8) 18 (25.7) 9 (24.3) 18 (22.0)

Cauliflower 7 (13.5) 52 (27.5)" 18 (25.7) 9 (24.3) 25 (30.5)

* P<0.05, % % P<(0.01, % x x P<C0.001, vs. control group; # P<C0.01, # # P<C0.001, vs. subgroup 0
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Table 4 LAA data of the NVAF patients with and without LAA thrombus

) Total LAA thrombus subgroup
Variable _ P
(n=189) Present (n=13) Absent (n=176)

Orifice/cm 2.124+0. 44 2.4040. 35 2.1040. 44 0.019
Area/cm? 3.734+1.41 4.35+1. 26 3.5841.45 0.041
Depth/cm 3.02+0. 64 3.034+0.55 3.0240. 65 0.937
Volume/mL 10.68+4. 39 12.46+3.92 10. 45414, 40 0.025
LAA type/case (%)

Chicken wing 49 (25.9) 2 (15.4) 47 (26.7) 0. 568

Windsock 43 (22.8) 2 (15.4) 41 (23.3) 0. 754

Cactus 45 (23.8) 17.7 44 (25.0) 0.282

Cauliflower 52 (27.5) 8 (61.5) 44 (25.0) 0.012

% 5 Logistic B3 LAA M1

Table 5 Predictors of thromboembolic events in NVAF patients in the logistic regression model

Factor b B SE Wald P OR (95%CD
CHA;DS;-VASc 0.586 0. 764 0.253 5.378 0.020 1.797 (1.095 -2.950)
Cauliflower 0.744 1.661 0.637 6.799 0. 009 5.263 (1.511-18. 338)
Orifice 0.693 1.712 0.763 5.027 0.025 5.539 (1.240-24.733)
Area —0.309 —0.257 0. 480 0. 287 0.592 0.773 (0.301-1.982)
Volume 0.292 0.075 0.132 0.324 0. 569 1. 078 (0.832-1.398)
Depth —0.221 —0. 385 0.675 0. 326 0.568 0.680 (0.181-2.553)

b: Standard patial regression coefficient; B Patial regression coefficient; SE; Standard error; OR: Odds ratio; CI: Confidence interval
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