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Abstract. – OBJECTIVE: To investigate the 
efficacy of transesophageal echocardiography 
(TEE) in the treatment of nonvalvular atrial fibril-
lation with left atrial appendage (LAA) occlusion. 

PATIENTS AND METHODS: Forty-nine pa-
tients with nonvalvular atrial fibrillation were 
selected from January 2015 to December 2015 
to serve as control group, and 49 patients with 
nonvalvular atrial fibrillation were selected from 
January 2016 to December 2016 to serve as 
observation group. Patients in both groups 
were treated with LAA occlusion. After surgery, 
patients in control group received 2D-trans-
esophageal echocardiography (2D-TEE), while 
patients in observation group received 3D-TEE. 
LAA diameter, maximum depth, postoperative 
parameters, and postoperative complications 
were compared between two groups.

RESULTS: The maximum LAA diameter can 
be measured from different angles in control 
group, and maximum depth cannot be measured 
in control group. No significant differences in 
maximum LAA diameter and maximum depth 
were found between two groups from different 
angles (p<0.05). No significant difference in left 
ventricular end diastolic diameter (LVEDd), left 
atrial diameter (LA-d), left ventricular ejection 
fraction (LVEF), mitral regurgitation volume (MV 
Reg V), E peak and pulmonary vein diastolic 
flow velocity (PVd) were found between those 
two groups (p<0.05). The overall occurrence 
of postoperative complications in observa-
tion group and control group were 0.00% and 
12.24%, respectively, significant difference was 
found between those two groups (p<0.05).

CONCLUSIONS: Compared with 2D-TEE, the 
application of 3D-TEE in treatment of nonvalvu-
lar atrial fibrillation with left atrial appendage oc-
clusion is more conducive to the selection of the 
size of the reservoir, and can reduce the occur-
rence of postoperative complications.
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Introduction

Nonvalvular atrial fibrillation is a clinical ar-
rhythmia problem with a potential risk of throm-
bosis. It has been pointed out that1,2 the emboli 
of about 90% of patients with nonvalvular atrial 
fibrillation were from atrial appendage (LAA). 
Although long-term use of warfarin can reduce 
the occurrence of stroke, the poor compliance 
and tolerance of patients to long-term use of 
warfarin increases the risk of bleeding. While 
surgical treatment can cause relatively big trau-
ma, LAA cannot be completely blocked in about 
36% of patients, and the success rate of catheter 
ablation at low- and long-term efficacy is poor3. 
Therefore, percutaneous LAA occlusion has been 
widely used in the treatment of nonvalvular atrial 
fibrillation. However, because LAA wall is thin 
and morphology is not uniform, an accurate as-
sessment should be done during surgery and after 
surgery to shorten the operation time, reduce 
the prevalence of complications, and improve 
patient prognosis4. In this study, the efficacies 
of 2D- transesophageal echocardiography (TEE) 
and 1D-TEE in treatment of nonvalvular atrial 
fibrillation with left atrial appendage occlusion 
were compared with the expectation of providing 
a reference for late clinical treatment.

Patients and Methods

Patients
Forty-nine patients with nonvalvular atrial 

fibrillation were selected from January 2015 to De-
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cember 2015 to serve as control group, and another 
49 patients with nonvalvular atrial fibrillation were 
selected from January 2016 to December 2016 to 
serve as observation group. In the control group, 
there were 33 males and 16 females, and the age 
ranged from 35 to 87 years with an average age 
of 69.38 ± 6.38 years. 31 patients were combined 
with hypertension, and 19 patients had a history 
of stroke. In the observation group, there were 36 
males and 13 females, and the age ranged from 
36 to 89 years with an average age of 68.36 ± 6.13 
years. 28 patients were combined with hyperten-
sion, and 21 patients had a history of stroke. No 
significant difference in age, gender, and other 
basic information were found between the two 
groups (p<0.05).

Inclusion criteria: 1) patients clinically diag-
nosed with nonvalvular atrial fibrillation; 2) pa-
tients ≥18 years old; 3) patients failed in anticoag-
ulant treatment; 4) patients with warfarin-related 
contraindications showing adverse reactions; 5) 
patients who signed informed consent.

Exclusion criteria: 1) patients with left ven-
tricular ejection fraction (LEVF) <40% and New 
York Heart Association (NYHA) heart failure 
grade IV; 2) patients experienced myocardial 
infarction or acute myocardial infarction within 
3 months; 3) with spontaneous echo contrast and 
thrombosis in left atrium and LAA; 4) patients 
with coagulation dysfunction or active bleeding 
within 3 months after surgery.

The study was approved by the Ethics Com-
mittee of the First Affiliated Hospital of Zheng-
zhou University.

Instrument
The GE Vivid E9 ultrasound system was 

used. Lesions in cardiac valves were excluded, 
and LVEF was measured using chest ultrasound 
probe M5S. 3D-TEE and 2D-TEE images were 
acquired using esophageal three-dimensional ul-
trasound probe 6VT-D.

Operation Method
2D-TEE: lesions in valves were excluded and 

left ventricular function was evaluated, followed 
by TEE examination. Using two-dimensional 
model, images of left atrium, LAA, atrial septum 
and two valves were acquired from the section 
of the middle part of esophagus. Mitral regurgi-
tation, pericardial effusion, and pulmonary vein 
diastolic flow velocity were measured.

3D-TEE: LAA was displayed in a 90° sec-
tion. 4D-Zoom was used to move LAA into 

the sampling box under 3D mode. Images of 
LAA volume in 5 continuous cardiac cycles 
were stored, and the images were transferred 
to EchoPac workstation for data analysis. LAA 
diameter was measured. The distance from the 
midpoint of the diameter of LAA body to the 
furthest tip was the depth of LAA. Postoperative 
left ventricular end diastolic diameter (LVEDd), 
left atrial diameter (LA-d), LEVF, mitral re-
gurgitation volume (MV Reg V), E peak and 
pulmonary vein diastolic flow velocity (PVd) 
were measured.

Statistical Analysis 
SPSS19.0 software package (Mathematica, 

Beijing, China) was used for statistical analysis. 
Measurement data and count data were processed 
by t-test and χ2-test, respectively. Comparisons 
among multiple groups were performed by ANO-
VA and LSD t-test, p<0.05 was considered to be 
statistically significant.

Results

Comparisons of LAA Diameter 
and Maximum Depth

Maximum LAA diameter can be measured 
from different angles in control group, and max-
imum depth cannot be measured in control group. 
No significant differences in maximum LAA di-
ameter and maximum depth were found between 
the two groups from different angles (p<0.05) 
(Table I for details).

Comparison of Postoperative Parameters 
There was no significant difference in LVEDd, 

LA-d, LVEF, MV Reg V, E peak, and PVd between 
the two groups (p<0.05) (Table II for details).

Table I. Comparisons of LAA diameter and maximum depth 
(mm).

Groups Cases LAA Maximum
 (n) diameter  depth

Control group 49 19.99±3.64 —
Observation group 49  
   0°  20.73±2.99 27.57±4.57
   45°  18.81±2.44 27.08±5.34
   90°  19.39±2.47 25.63±5.12
   135°  19.65±2.71 24.24±4.41
   F-value  1.811 3.158
   p-value  0.075 0.057
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Comparison of Prevalence 
of Complications

Overall prevalences of postoperative compli-
cations in observation group and control group 
were 0.00% and 12.24%, respectively, significant 
differences were found between the two groups 
(p<0.05) (Table III for details).

Discussion

An accurate assessment of the anatomy of 
LAA and accurate measurement of the diam-
eter is very important for LAA occlusion. Al-
though the conventional 2D-TEE can be used to 
understand the morphology of LAA by multi-
slice rotation scanning, the multi-slice rotation 
scan requires a longer inspection time, which 
cannot be tolerated by some patients. So, infor-
mation about the anatomy of LAA cannot be 
obtained in a short period through 2D-TEE5,6. 
3D-TEE can be used to assist the application 
of reservoir. 3D-TEE images can display the 
head, the whole body of reservoir, the location 
of catheter in the heart, and the structure of 
the surrounding tissue. 3D-TEE images can 
also display the front of the reservoir after 
placement, which can reflect the occlusion7. 
Therefore, 3D-TEE is conducive for the devel-
opment of personalized LAA occlusion. In this 
study, the efficacies of 2D-TEE and 1D-TEE in 
treatment of nonvalvular atrial fibrillation with 
left atrial appendage occlusion were compared 
with the expectation of providing a reference 
for late clinical treatment. 

In this study, no significant differences in 
maximum LAA diameter and maximum depth 
were found between the two groups from dif-
ferent angles (p>0.05). There are two types of 
occluders commonly used in clinical practice, 
including Lefort occluder and LAmbre occluder. 
LAmbre occluders are divided into two types 
including specially used and conventional used 
types. The specially used type is also called 
small umbrella with big plate type. The open-
ings of small umbrellas were covered by the big 
plate to complete occlusion. This technique is 
usually used for multiple lobular LAA with sim-
ilar diameters. Conventional LAmbre occluders 
are suitable for most patients8. Occlusion using 
LAmbre occluder is achieved by making the 
head of trabeculae in atria 1 cm higher than the 
inner mouth of LAA. Lefort occluder is an um-
brella device, and the occlusion was achieved by 
opening the umbrella and pushing. This device 
is suitable for single deep LAA. Lefort occluder 
cannot be used to complete occlusion for LAA 
with big atria, shallow body, irregular cross sec-
tion of mouth, and cauliflower shape atria9. With 
the three-dimensional multi-slice reconstruction 
imaging mode, 3D-TEE can be used to get more 
clear images of cross-section, which is conducive 
for the selection of occluder10. 3D-TEE can be 
used to more clearly display the three-dimen-
sional of valves, which is helpful for physicians 
to find the best puncture point. After puncture, 
3D-TEE can also be used to observe the location 
of the sheath guide wire in LAA and the whole 
process of occlusion achieved by occluder, which 
is helpful for the placement of occluder. Also, 

Table II. Comparison of postoperative parameters.

 Cases LVEDd LA-d LVEF MV Reg V E peak PVd 
Groups (n) (mm) (mm)  (%)  (ml)  (m/s)  (m/s)

Control group 49 47.00±3.91 39.17±5.88 61.78±5.93 3.39±1.70 0.84±0.17 0.53±0.13
Observation group 49 46.87±3.67 39.35±5.01 62.87±6.65 3.87±2.77 0.88±0.19 0.55±0.13
F-value  1.912 1.679 1.615 1.813 1.947 1.897
p-value  0.068 0.091 0.190 0.077 0.056 0.069

Table III. Comparison of prevalence of complications [n(%)].

 Cases Reservoir Pericardial    Total 
Groups (n) displacement tamponade Thrombus Bleeding Stroke prevalence rate

Control group 49 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Observation group 49 2 (4.08) 1 (2.04) 1 (2.04) 1 (2.04) 1 (2.04) 6 (12.24)
F-value       7.037
p-value       0.020
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3D-TEE can also be used to display the whole 
body of LAA after the placement of occluder, 
which in turn avoid the compression on left upper 
lung vein caused by occluder11. The key points of 
postoperative follow-up of patients with valvular 
atrial fibrillation are occluder displacement, peri-
cardial tamponade, formation of thrombus, and 
bleeding. It has been reported12 that hemodynam-
ic changes usually occurred within 24 hours after 
LAA occlusion, or within 2-4w for some cases. 
3D-TEE can be used to sensitively observe the 
conditions of occluder displacement, pericardial 
tamponade, formation of thrombus and bleeding 
by finding the shunt residual through the images 
of the spaces between LAA and occluder, which 
in turn reduced the prevalence of complications. 
Results of this study showed that overall prev-
alence of postoperative complications in obser-
vation group and control group were 0.00% and 
12.24%, respectively; significant difference was 
found between those two groups (p<0.05), which 
supported the conclusions mentioned above.

Conclusions

Both 3D-TEE and 2D-TEE were accurate in 
measuring LAA during LAA occlusion surgery, 
which in turn increased the success rate of sur-
gery. Compared with 2D-TEE, the application 
of 3D-TEE in treatment of nonvalvular atrial 
fibrillation with left atrial appendage occlusion 
is more conducive to the selection of the size of 
the reservoir and can reduce the prevalence of 
postoperative complications.
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