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Background: Most patients undergoing left atrial appendage closure (LAAC) are older adult individuals 
with atrial fibrillation (AF) and many comorbidities, which may elevate the risk for complications associated 
with contrast agents with the fluoroscopic image-guided procedure. This retrospective cohort study of 
patients with AF at high risk for use of contrast agents compared the feasibility and safety of LAAC using 
percutaneous and non-fluoroscopic procedure with transesophageal echocardiography (TEE) as the only 
image guidance relative to those under fluoroscopic image guidance.
Methods: In this retrospective study, we enrolled 126 patients with AF who underwent LAAC from 
September 2017 to December 2020. Patients were divided into 2 groups based on the imaging guidance 
modality: a TEE group (n=32) and a fluoroscopic group (n=94). We analyzed the differences in complete 
closure rates and device- and procedure-related complications between the 2 groups. Continuous variables 
were assessed using the Student t-test or Mann-Whitney test, while categorical variables were evaluated 
using Pearson chi-squared test or Fisher exact test. Propensity-score matching was used to adjust for baseline 
differences.
Results: Propensity-score matching yielded 25 pairs of patients with similarly distributed age (72.9±6.9 vs. 
73.1±4.9 years; P=0.925), gender (10:15 vs. 11:14; P>0.99), weight (68.3±11.2 vs. 68.1±12.3 kg; P=0.948), and 
alanine aminotransferase level (20.0±9.8 vs. 22.5±14.2 U/L; P=0.482). The LAA was successfully occluded in 
all patients, and the TEE group showed similar results to the fluoroscopic group in terms of success rate (100% 
vs. 100%; P>0.99) and hospitalization duration [5.0 (IQ1–IQ3: 3.0–7.0) vs. 5.0 (IQ1–IQ3: 3.0–6.0) days; 
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Introduction

Patients with atrial fibrillation (AF), the most common type 
of arrhythmia (1,2), are at a 5-fold risk of secondary stroke 
due to thromboembolism. Oral anticoagulation decreases 
stroke risk but increases bleeding risk (3,4). Thrombus 
formation in patients with AF most likely occurs in the 
left atrial appendage (LAA) (5). For 90% of the affected 
patients, LAA closure (LAAC) effectively reduces the risk 
of thromboembolism and stroke with a similar effect to 
that of warfarin (3,6-8), which renders it a better choice for 
patients at high-risk of bleeding, especially from intracranial 
hemorrhage. However, traditional fluoroscopic-guided 
LAAC involves the use of contrast agents which increases 
the potential risk iatrogenic damage (5,9). Among older 
adult patients with comorbidities, the incidence of abnormal 
renal function is 15.6% (10,11) while the occurrence of 
contrast-agent allergy is 2–3% (12), which increases the 
risk of using contrast agents. Avoiding the use of potentially 
nephrotoxic drugs [such as contrast agents, angiotensin-
converting enzyme (ACE) inhibitors, and angiotensin 
receptor blockers (ARBs)] around the time of cardiac 
surgery is the better choice for these patients (13). We 
hypothesized that transesophageal echocardiography (TEE) 
is applicable for this specific population of patients and has 
comparable feasibility and safety to fluoroscopic guidance 
when used as the sole image-guidance method. Therefore, 
we retrospectively compared the short-term outcomes of 
LAAC under TEE with those under fluoroscopic image 
guidance. We present this article in accordance with the 
STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-169/rc).

Methods

Study participants

From September 2017 to December 2020, this single-center 
cohort study retrospectively included 126 consecutive 
patients with AF who underwent LAAC. The treatment 
principles for all patients followed the 2014 American 
College of Cardiology/American Heart Association (ACC/
AHA) guidelines (3), the 2014 European Heart Rhythm 
Association/European Association of Percutaneous 
Cardiovascular Interventions (EHRA/EAPCI) expert 
consensus (14), and the 2016 European guidelines for AF 
management (10,15). Treatment inclusion criteria for our 
center were as follows: age >18 years; with AF: persistent 
AF (lasting >3 months), long-standing persistent AF (lasting 
>1 year), or permanent AF; CHA2DS2-VASc [congestive 
heart failure, hypertension, age ≥75 years (doubled); 
diabetes mellitus prior to stroke or transient ischemic 
attack (doubled), vascular disease, age 65 to 74 years, and 
sex category] score ≥2 points; HAS-BLED (hypertension, 
abnormal renal/liver dysfunction, stroke, bleeding 
history, elderly, drugs) score ≥3 points; and on long-term 
clopidogrel and aspirin, with contraindication to oral 
anticoagulation or inability to use it for a prolonged period, 
or at high risk for contrast agents use, such as that associated 
with IV chronic kidney disease or allergy to contrast agents. 
The exclusion criteria were the following: (I) AF combined 
with moderate/severe mitral stenosis, (II) AF combined 
with other disease requiring surgery, (III) New York Heart 
Association Classification of Heart Failure (NYHA class) 
III–IV, (IV) acute myocardial infarction or unstable angina 

P=0.498]. The groups also demonstrated comparable complication rates, with 1 (4.2%) case of pericardial 
effusion and 1 (4.2%) case of residual shunt in the TEE group, and 5 (20%) cases of residual shunt, 1 (4.2%) 
case of pericardial effusion, 1 (4.2%) case of myocardial infarction, and 1 (4.2%) case of access-related 
complications in the fluoroscopic group. There were no deaths. The overall incidence rate of procedure-
related complications (6.2% vs. 18.1%, P=0.153) at mean 22.2±4.5 months follow-up between the 2 groups 
was similar. 
Conclusions: In patients with AF of high risk for use of contrast agents, LAAC under non-fluoroscopic 
guidance appears feasible and safe with similar outcomes to that under fluoroscopic guidance.
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pectoris, (V) and stroke or transient ischemic attack within 
30 days. Patients with an estimated glomerular filtration 
rate (eGFR) of less than 60 mL/min were considered to 
have renal insufficiency, which was equivalent to stage 3 
or higher chronic kidney disease. Due to the difference of 
baseline level between patients who underwent LAAC in 
TEE image guidance and in fluoroscopic image guidance, 
a 1:1 propensity-score match analysis was performed based 
on age, gender, weight, and alanine aminotransferase (ALT) 
level to minimize preoperative differences. This study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013) and was approved by the Ethics 
Committee of Fuwai Hospital of The Chinese Academy of 
Medical Sciences (No. 2018-9). Written informed consent 
was obtained from all patients enrolled in both groups. 
The number of cases encountered during the study period 
determined the sample size.

Preprocedural imaging of TEE guidance

For this study, the choice of an occluder was based on TEE 
instead of contrast; we formulated a selection scheme for the 
LAmbre occluder (LifeTech Scientific, Shenzhen, China), 
Amplatzer Cardiac Plug (ACP) occluder (Abbott Vascular, 
Santa Clara, CA, USA), and WATCHMAN occluder 
(Boston Scientific, Natick, MA, USA) under TEE guidance 
with TEE measurements (Figure 1A). First, the LAA orifice 
was defined as the plane connecting the pulmonary vein 
(PV) ridge superiorly to the inferior junction of the left 
atrium and the LAA at the level of the circumflex artery (16).  
The size and depth of the LAA were preoperatively 
measured with the 0o, 45°, 90°, and 135° views using TEE 
(Figure 1B,1C). The size of the WATCHMAN occluder was 
chosen to be 4–6 mm larger than the length of LAA orifice. 
The midpoint of the LAA orifice was marked as point A. 
TEE was performed to measure the distance between the 
left lower PV (D1) and the mitral annulus (D2) to point 
A. D1 or D2 (the shorter distance) was multiplied by 2, 
yielding the maximum diameter of the cover disc of the 
device (LAmbre or ACP) to be used. The LAA landing zone 
was defined as the area about 1.5 cm from point A, where a 
potential LAA device could be seated comfortably and safely 
within the confines of the body of the appendage. Passing 
through point A, a perpendicular line through the LAA 
orifice was made, and the diameter of the LAA was measured 
at a distance of 1.5 cm (D3) from point A. The diameter 
of the landing umbrella of the occluder (LAmbre or ACP) 
was chosen to be 6–8 mm larger than D3 (Figure 1D,1E).  

If the selected landing umbrella was too large, the occluder 
would be stretched and the cover disc would not cover the 
LAA orifice successfully (Figure 1F). The occluder size 
was selected based on the results of the above-described 
measurements.

Procedures

Supine and routine tracheal intubation with general 
anesthesia was completed. The position at which the top 
one-third of the landing umbrella was deployed out of the 
delivery sheath was indicated by the marking on the delivery 
cable (Figure 1G). The right femoral vein was punctured, and 
the distance between the right third intercostal parasternal 
space and the puncture site was measured as the working 
distance to control the catheter insertion length. A 9F 
sheath was introduced through which an SL1 atrial septum 
catheter (St. Jude) and a guidewire were advanced under 
TEE guidance into the right atrium through the inferior 
vena cava; the guidewire then was withdrawn. A transseptal 
needle was inserted through the catheter (Figure 1H),  
which was positioned at the posterior and inferior parts of 
the atrial septum toward the LAA under TEE guidance 
using apical 4-chamber and parasternal short-axis views. 
The transseptal needle was passed through the atrial 
septum. The catheter was advanced into the left atrium, and 
the transseptal needle was withdrawn (Figure 1I). Heparin 
(80–100 U/kg) was injected to maintain the activated 
clotting time (ACT) to between 200 and 300 seconds. The 
guidewire was inserted into the left atrium, the SL1 catheter 
was withdrawn, and the distance that the SL1 catheter 
had been inserted was measured. The delivery system was 
inserted into the left atrium along the guidewire according 
to the latter’s distance. The guidewire and the inner core 
were withdrawn while the delivery sheath was maintained 
in the left atrium. If the patient had an atrial septal defect, 
the delivery system was directly delivered to the left 
atrium through the defect. This was performed carefully 
under TEE guidance to avoid the guidewire entering the 
pulmonary veins. The pigtail catheter was placed into the 
LAA, and the delivery system was inserted into the LAA 
along the pigtail catheter (Figure 1J). The LAA occluder 
(LAmbre or ACP) was inserted along the delivery sheath. 
The top one-third of the landing umbrella was deployed out 
of the delivery sheath (Figure 1K) according to the marker 
on the cable, and the delivery sheath was advanced or pulled 
to ensure that the top of the landing umbrella reached 
the landing zone. When the WATCHMAN occluder was 
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Figure 1 Structure of the LAA occluder (LAmbre, ACP, and WATCHMAN) (A). TEE images of left atrium and left atrial appendage (B,C). 
Preprocedural imaging (D,E). Image of oversize occluder not being able to cover the left atrial appendage (F). The occluder being partly 
deployed out of the delivery sheath, with the delivery cable being marked with the arrow (↑) (G). The atrial septum being punctured (H) and 
the puncture catheter being passed through the atrial septum into the left atrium (I). The pigtail catheter being advanced into the left atrium 
(J). The landing umbrella of the occluder being stretched out of the delivery sheath (K). The WATCHMAN occluder being deployed (L). 
The cover disc of the LAmbre occluder being sequentially stretched out (M). The occluder being implanted without residual leakage as per 
Doppler ultrasound (N). The occluder being completely released (O). ACP, Amplatzer Cardiac Plug; PV, pulmonary vein; MV, mitral valve; 
D1, the distance between the left lower PV; D2, the mitral annulus; D3, distance of 1.5 cm from point A; LAA, left atrial appendage; TEE, 
transesophageal echocardiography. 

used, care was taken to ensure that the occluder was at the 
level of the LAA orifice or deeper (Figure 1L). The delivery 
cable was fixed, the delivery sheath was retrieved, and the 
occluder was implanted under TEE monitoring. A push-
pull test was performed to verify its stability (Figure 1M). 
TEE was used to detect residual leakage, mitral reflux, 
left inferior PV blood flow, and pericardial effusion and to 

confirm occluder morphology and position (Figure 1N).  
The delivery cable was rotated counterclockwise to 
release the occluder (Figure 1O). If the patient also had 
an atrial septal defect which required closure, an atrial 
septal defect occluder was inserted and implanted under 
ultrasound guidance (17). After the position and shape of 
the occluder were reconfirmed with TEE, the delivery 



Quantitative Imaging in Medicine and Surgery, Vol 13, No 9 September 2023 5835

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(9):5831-5841 | https://dx.doi.org/10.21037/qims-23-169

system was withdrawn. Pressure was applied to the femoral 
vein puncture site. The procedural time was defined as 
the interval from right femoral vein puncture to delivery 
system withdrawal. Patients were extubated in the operating 
room or the intensive care unit. Heparin was used for 
24 h. Administration of oral aspirin (100 mg/d) and 
Plavix (75 mg/d) was initiated on postoperative day 2 and 
continued for 6 months. Patients underwent clinical and 
echocardiographic follow-up at the outpatient department 
at 1, 3, 6, 12, and 24 months postprocedure to be checked 
for complete closure of the LAAC and complications. The 
possible complications included peridevice leak in or out of 
hospital, myocardial infarction, device dislocation, malignant 
arrhythmia, stroke, death, pericardial effusions requiring 
intervention, pericarditis, thrombus, anesthetic reaction, 
and access-related complications such as hematoma or 
femoral arteriovenous fistula.

Statistical analysis

Continuous data are expressed as the mean and standard 

deviation (SD) or the median and interquartile range (IQR) 
according to the presence or absence of normal distribution, 
respectively. Categorical variables are presented as 
percentages. The Student t-test or Mann-Whitney test was 
used for continuous variables. Pearson χ2 or Fisher exact test 
was used for categorical variables. Due to possible differences 
in baseline age, gender, weight, and ALT level between the 
TEE and fluoroscopic groups, a propensity score match 
analysis was performed based on these factors to minimize 
preoperative differences. All the analyses were performed 
with the statistical software packages R 3.3.2 (http://www.
R-project.org; The R Foundation for Statistical Computing) 
and Free Statistics software version 1.5. A 2-tailed test was 
performed, and P<0.05 was considered statistically significant.

Results

From September 2017 to December 2020, 126 eligible 
patients underwent LAAC. Ultimately, the fluoroscopic 
image guidance was used in 94 patients while TEE image 
guidance was used in 32 patients (Figure 2). TEE was also 

All patients with AF from September 2017 to December 2020

Evaluation
of LAAC

126 consecutive patients

PSM (1:1)

TEE group vs. fluoroscopic group
(n=25, respectively)

TEE group (n=32) Fluoroscopic group (n=94)

LAAC inclusion criteria
(I)	 Age >18 years
(II)	 Persistent AF, long-standing persistent AF 

or permanent AF
(III)	 CHA2DS2-VASc score ≥2
(IV)	 HAS-BLED score ≥3 
(V)	 Long-term clopidogrel and aspirin
(VI)	 Contraindication to oral anticoagulation
(VII)	High risk for contrast agents use

LAAC exclusion criteria
(I)	 Moderate/severe mitral stenosis
(II)	 Other disease requiring surgery
(III)	 NYHA class III–IV
(IV)	 Acute myocardial infarction or unstable 

angina pectoris
(V)	 Stroke or transient ischemic within 30 days

Figure 2 Patient flowchart. Among 126 eligible patients who received LAAC, 94 underwent the procedure under fluoroscopic image 
guidance while 32 were guided by TEE image. Following 1:1 PSM, 25 patients were included in each group for analysis. AF, atrial 
fibrillation; LAAC, left atrial appendage closure; TEE, transesophageal echocardiography; PSM, propensity score matching; CHA2DS2-
VASc score, congestive heart failure, hypertension, age ≥75 years (doubled); diabetes mellitus prior to stroke or transient ischemic attack 
(doubled), vascular disease, age 65 to 74 years, and sex category (female); HAS-BLED score, hypertension, abnormal renal/liver dysfunction, 
stroke, bleeding history, elderly, drugs; NYHA class, New York Heart Association Classification of Heart Failure. 

http://www.R-project.org
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used routinely for patients in the fluoroscopic group to 
evaluate the efficacy (not for guidance) after the LAAC 
procedure. A considerably higher proportion of patients in 
the TEE group was allergic to contrast agents (21.9% vs. 
0%; P<0.001), and their eGFR was also lower than that of 
the fluoroscopic group (52.7±8.8 vs. 71.8±15.9 mL/min;  
P<0.001), with the proportion of those with an eGFR 
less than 60 being higher (78.1% vs. 23.4%; P<0.001)  
(Table 1). The demographic characteristics of the 2 groups 
were different: the TEE group had a greater proportion 
of females (68.8% vs. 34.0%; P<0.001), higher mean age 
(75.4±7.9 vs. 65.7±10.0 years, P<0.001), a higher proportion 
of patients over 65 years old (90.6 % vs. 61.7%; P=0.005), 
lower weight (66.3±11.2 vs. 73.8±12.0 kg, P=0.002), and 
lower ALT level (17.7±9.7 vs. 25.8±15.7 U/L; P=0.007). 
In addition, the TEE group had a numerically but not 
significantly higher CHA2DS2-VASc score (P=0.106), 
smaller LAA diameter (P=0.344), and lower AST level 
(P=0.426). After propensity-score matching was completed 
for gender, age, weight, and ALT level, the distributions of 
demographic characteristics of the 2 groups (n=25 in each) 
were comparable.

Procedure findings

After propensity-score matching, there was no significant 
difference in device selection (P=0.103), diameter of cover 
disc (31.5±4.7 vs. 31.1±4.2 mm; P=0.753), diameter of 
landing umbrella (25.2±5.0 vs. 25.0±5.3 mm; P=0.906), 
success rate at the first attempt (under TEE observation, 
positions at 0º, 45º, 90º, and 135º are appropriate, with 
no residual shunt, good position, and stability without 
displacement; 100% vs. 100%; P>0.99), or hospitalization 
duration [5.0 (IQ1–IQ3: 3.0–7.0) vs. 5.0 (IQ1–IQ3: 3.0–6.0) 
days, P=0.498] between groups (Table 2).

Complications

The mean follow-up period for this study was 22.2±4.5 months 
(Table 2). Before propensity-score matching, there was 1 
(4%) case of residual shunt and 1 (4%) case of pericardial 
effusion requiring pericardiocentesis drainage in the TEE 
group. The overall complication rate was 6.2%. There 
were 10 (10.6%) cases of residual shunts, 1 (1.1%) case of 
myocardial infarction, 1 (1.1%) case of device dislocation 
requiring open heart surgery, 2 (2.1%) cases of pericardial 
effusions treated by pericardiocentesis drainage, and 
4 (4.3%) cases of access-related complications in the 
fluoroscopic group. The overall complication rate was 
18.1%, and after-propensity score matching, the overall 
complication rate was 2 (8%) in the TEE group and  
7 (28%) in the fluoroscopic group, which did not constitute 
a significant difference (P=0.138). Among patients with 
complications, the average cover disc diameter (30.7±4.6 vs. 
32.0±4.4 mm) and landing umbrella diameter (25.1±4. 3 vs. 
25.4±5.3 mm) of the LAA occluder device were both smaller 
than the average level of all patients. This may be related to 
the occurrence of residual shunts caused by the selection of 
a too-small occluder.

No patients experienced peridevice leak during the 
perioperative period, and no malignant arrhythmia, stroke, 
death, pericarditis, thrombus, or anesthetic reaction 
occurred during the follow-up. Finally, there was no 
significant difference in the non-complication probability 
curve between groups (P=0.1) (Figure 3).

Discussion

In this propensity score–matched and retrospective, single-
center study of patients with AF in whom contrast agent 
use posed considerable risk, midterm follow-up results 
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Figure 3 Non-complication probability curve for each group. 
No patients experienced peridevice leak during the perioperative 
period. There was no occurrence of malignant arrhythmia, stroke, 
death, pericarditis, thrombus, or anesthetic reaction during the 
follow-up. TEE, transesophageal echocardiography.



Quantitative Imaging in Medicine and Surgery, Vol 13, No 9 September 2023 5837

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(9):5831-5841 | https://dx.doi.org/10.21037/qims-23-169

Table 1 Demographics and baseline characteristics

Variables

Before matching After matching

Total (n=126)
TEE group 

(n=32)
Fluoroscopic 
group (n=94)

P value Total (n=50)
TEE group 

(n=25)
Fluoroscopic 
group (n=25)

P value

Gender <0.001 >0.99

Male 72 (57.1) 10 (31.2) 62 (66.0) 21 (42.0) 10 (40.0) 11 (44.0)

Female 54 (42.9) 22 (68.8) 32 (34.0) 29 (58.0) 15 (60.0) 14 (56.0)

Age, years 68.1±10.4 75.4±7.9 65.7±10.0 <0.001 73.0±5.9 72.9±6.9 73.1±4.9 0.925

>65 87 (69.0) 29 (90.6) 58 (61.7) 0.005 46 (92.0) 22 (88.0) 24 (96.0) 0.609

Weight, kg 71.9±12.2 66.3±11.2 73.8±12.0 0.002 68.2±11.7 68.3±11.2 68.1±12.3 0.948

Allergic to contrast 
agent

7 (5.6) 7 (21.9) 0 (0.0) <0.001 6 (12.0) 6 (24.0) 0 (0.0) 0.022

Diameter of LAA, mm 26.3±4.7 25.6±5.0 26.5±4.6 0.344 25.6±4.8 25.7±5.2 25.5±4.4 0.884

CHA2DS2-VASc score 4.0 (3.0, 5.0) 5.0 (3.8, 5.2) 4.0 (3.0, 5.0) 0.106 5.0 (3.0, 5.8) 4.0 (3.0, 5.0) 5.0 (4.0, 6.0) 0.022

Congestive heart 
failure/LV dysfunction

37 (29.4) 11 (34.4) 26 (27.7) 0.62 17 (34.0) 9 (36.0) 8 (32.0) >0.99

Hypertension 78 (61.9) 18 (56.2) 60 (63.8) 0.581 30 (60.0) 13 (52.0) 17 (68.0) 0.386

Diabetes mellitus 32 (25.4) 5 (15.6) 27 (28.7) 0.217 13 (26.0) 2 (8.0) 11 (44.0) 0.01

Stroke/TIA/TE 72 (57.1) 16 (50.0) 56 (59.6) 0.46 22 (44.0) 11 (44.0) 11 (44.0) >0.99

Vascular disease 46 (36.5) 8 (25.0) 38 (40.4) 0.176 21 (42.0) 7 (28.0) 14 (56.0) 0.086

Laboratory data

eGFR, mL/min 67.0±16.7 52.7±8.8 71.8±15.9 <0.001 58.1±12.1 54.1±7.7 62.2±14.3 0.016

eGFR <60, mL/min 47 (37.3) 25 (78.1) 22 (23.4) <0.001 29 (58.0) 19 (76.0) 10 (40.0) 0.022

AST, U/L 27.2±11.2 25.9±13.0 27.7±10.6 0.426 27.4±12.1 27.1±14.3 27.7±9.8 0.863

ALT, U/L 23.7±14.8 17.7±9.7 25.8±15.7 0.007 21.3±12.1 20.0±9.8 22.5±14.2 0.482

Data are expressed as the mean ± SD or median (IQR) for skewed variables or numbers (%) for categorical variables. Propensity-score 
matching for gender, age, weight and ALT. TIA, transient ischemic attack; TE, thromboembolic events; eGFR, estimated glomerular 
filtration rate; AST, aspartate transaminase; ALT, alanine aminotransferase; LAA, left atrial appendage; CHA2DS2-VASc, congestive heart 
failure, hypertension, age ≥75 years (doubled); diabetes mellitus prior to stroke or transient ischemic attack (doubled), vascular disease, 
age 65 to 74 years, and sex category (female); SD, standard deviation; IQR, interquartile range; LV, left ventricular.

showed that LAAC under TEE or fluoroscopy guidance 
were similar. Although the patients in the TEE group 
were older and had a lower eGFR, there was no significant 
difference in complications between the 2 groups. The 
overall complication rate in this study was 15.1%, which 
may be related to the broader range of complication 
definitions or the small overall sample size. However, the 
complications rate was also comparable to the results of 
other studies (18,19). Our findings further indicated that 
TEE and fluoroscopic image guidance had similar safety, 
especially for high-risk patients. Although there was no 
significant difference in the complication rates between the 

2 groups, the complication rates (6.2% vs. 18.1%) and non-
complication probability curve were slightly better in the 
TEE group than in the fluoroscopy group. A larger sample 
size study is necessary to clarify this issue.

LAAC i s  an  e f fec t i ve  t rea tment  for  reduc ing 
thromboembolism and stroke in patients with AF (20). 
Most patients undergoing LAAC are older adult individuals 
with many comorbidities, such as hepatic and/or renal 
insufficiency, and more frequently have a history of allergic 
reaction to contrast agents, and thus contrast agent use in 
these patients entails a higher risk (21). The multicenter 
Amplatzer Cardiac Plug registry indicates that chronic renal 
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Table 2 Procedure findings and complications

Variables

Before matching After matching

Total (n=126)
TEE group 

(n=32)
Fluoroscopic 
group (n=94)

P value Total (n=50)
TEE group 

(n=25)
Fluoroscopic 
group (n =25)

P value

Devices 0.045 0.103

LAmbre 98 (77.8) 26 (81.2) 72 (76.6) 37 (74.0) 20 (80.0) 17 (68.0)

WATCHMAN 26 (20.6) 4 (12.5) 22 (23.4) 11 (22.0) 3 (12.0) 8 (32.0)

ACP 2 (1.6) 2 (6.2) 0 (0.0) 2 (4.0) 2 (8.0.) 0 (0.0)

Diameter of cover disc (mm) 32.0±4.4 31.3±4.3 32.2±4.4 0.305 31.3±4.4 31.5±4.7 31.1±4.2 0.753

Diameter of landing umbrella 
(mm) 

25.4±5.3 24.5±4.9 25.8±5.5 0.296 25.1±5.1 25.2±5.0 25.0±5.3 0.906

Success at first attempt 123 (97.6) 32 (100.0) 91 (96.8) 0.57 50 (100.0) 25 (100.0) 25 (100.0) >0.99

Hospitalization duration, days 5.0 (3.0, 6.0) 5.0 (3.8, 7.0) 5.0 (3.0, 6.0) 0.13 5.0 (3.0, 6.0) 5.0 (3.0, 7.0) 5.0 (3.0, 6.0) 0.498

Complication 19 (15.1) 2 (6.2) 17 (18.1) 0.153 9 (18.0) 2 (8.0) 7 (28.0) 0.138

Peridevice leak during the 
perioperative period

0 (0.0) 0 (0.0) 0 (0.0) >0.99 0 (0.0) 0 (0.0) 0 (0.0) >0.99

Residual shunt 11 (8.7) 1 (3.1) 10 (10.6) 0.287 6 (12.0) 1 (4.0) 5 (20.0) 0.189

Myocardial infarction 1 (0.8) 0 (0.0) 1 (1.1) >0.99 1 (2.0) 0 (0.0) 1 (4.0) >0.99

Device dislocation 1 (0.8) 0 (0.0) 1 (1.1) >0.99 0 (0.0) 0 (0.0) 0 (0.0) >0.99

Malignant arrhythmia 0 (0.0) 0 (0.0) 0 (0.0) >0.99 0 (0.0) 0 (0.0) 0 (0.0) >0.99

Stroke 0 (0.0) 0 (0.0) 0 (0.0) >0.99 0 (0.0) 0 (0.0) 0 (0.0) >0.99

Death 0 (0.0) 0 (0.0) 0 (0.0) >0.99 0 (0.0) 0 (0.0) 0 (0.0) >0.99

Pericardial effusions requiring 
intervention 

3 (2.4) 1 (3.1) 2 (2.1) >0.99 2 (4.0) 1 (4.0) 1 (4.0) >0.99

Pericarditis 0 (0.0) 0 (0.0) 0 (0.0) >0.99 0 (0.0) 0 (0.0) 0 (0.0) >0.99

Thrombus 0 (0.0) 0 (0.0) 0 (0.0) >0.99 0 (0.0) 0 (0.0) 0 (0.0) >0.99

Anesthetic reaction 0 (0.0) 0 (0.0) 0 (0.0) >0.99 0 (0.0) 0 (0.0) 0 (0.0) >0.99

Access-related 
complications 

4 (3.2) 0 (0.0) 4 (4.3) 0.571 1 (2.0) 0 (0.0) 1 (4.0) >0.99

Follow-up, months 22.2±4.5 23.7±1.4 21.7±5.1 0.033 23.5±2.3 23.6±1.6 22.4±2.8 0.758

Data are expressed as the mean ± SD or median (IQR) for skewed variables or numbers (%) for categorical variables. Propensity score 
matching for gender, age, weight, and alanine aminotransferase. TEE, transesophageal echocardiography; ACP, Amplatzer Cardiac Plug; 
SD, standard deviation; IQR, interquartile range. 

failure is an indication for LAAC in approximately 15% of 
patients who are at an increased risk for contrast-induced 
injury (22).

In this study, all patients in the TEE group had 
contraindications, such as renal insufficiency or a history 
of allergy to contrast agents. As a non-fluoroscopic image 
guidance method, percutaneous and non-fluoroscopic 
(PAN) procedures have yielded satisfactory results in 

patients with congenital and valvular heart diseases while 
reducing the risk associated with exposure to radiation and 
contrast agents (16,23). Therefore, the results of this study 
might have greater potential for promotion and application 
and can be applied to all patients receiving LAAC.

A lack of contrast agent use precludes the determination 
of LAA position via fluoroscopy and measurement of 
LAA via contrast-enhanced computed tomography (CT) 
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to inform occluder selection. To overcome this problem, 
we summarized our experiences and proposed a selection 
scheme for the 3 kinds of LAA occluders under sole TEE 
guidance, standardized the parameters that needed to be 
measured, and achieved favorable outcomes. The PAN 
procedure has several advantages. First, TEE allows 
clear visualization of the heart structures and atrial septal 
puncture points, thereby minimizing the risk of damage 
during septal puncture. Second, TEE can show the distance 
from the left lower PV and the mitral annulus to the LAA, 
which helps prevent the PV and the mitral valve from being 
obstructed by the cover disc. By using TEE, surgeons can 
obtain dynamic whole-procedure images, while fluoroscopy 
can only provide visualization for few seconds with use 
of contrast agent. For patients with thrombosis in the 
LAA, TEE is considered the preferred and most accurate 
diagnostic technique for localizing thrombus within the 
LAA, which facilitates completion of LAAC in patients 
with LAA thrombosis; meanwhile, fluoroscopic imaging 
has limitations in detecting LAA thrombus (24). Third, 
TEE provides real-time monitoring of occluders as they 
reach the landing zone, while the fluoroscopic guidance 
procedure requires marking the shape of LAA on the screen 
using a marker pen. The tension of the delivery sheath 
during the procedure may change the position of the LAA, 
which could lead to incorrect determination of the required 
occluder size. Meanwhile, compared to fluoroscopy, the 
chief surgeon is less prone to committing visual errors when 
measuring the size with TEE. Therefore, TEE technology 
not only has greater adaptability, but it is also considered an 
essential skill for cardiologists.

This study demonstrated that LAAC with TEE was 
feasible. It is suitable for a more diverse set of patients, 
and real-time dynamic images can increase the accuracy of 
operation and further reduce the operation risk. In addition, 
the non-fluoroscopic procedure also protects medical staff 
and patients from radiation damage. With the advancement 
of technology and instruments, the non-fluoroscopic 
procedure could be used in a broader patient population. It 
could benefit a large number of patients in poverty-stricken 
areas where medical resources are scarce by eliminating the 
dependence on interventional operating room availability.

Limitations

This study had several limitations. First, the sample size 
was relatively small, and the design was nonrandomized; 
thus, large, randomized controlled trials are required to 

further assess the efficacy and safety of non-fluoroscopic-
guided LAAC. Second, this study relied on TEE imaging, 
and determining whether a TEE-guided procedure is an 
option for all patients, especially those with complex LAA 
anatomies and unclear TEE images, was beyond the scope 
of this analysis.

Conclusions

LAAC can be performed safely and effectively without 
radiation in patients who cannot tolerate fluoroscopy 
with contrast agents. LAAC under TEE guidance might 
provide a new alternative strategy to traditional fluoroscopy 
guidance for these patients and have a wide range of 
applications.
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