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Introduction
Ischemic stroke from atrial fibrillation (AF)is associated with adverse 

clinical outcomes (increased morbidity and mortality)as compared 

to ischemic stroke in the absence of AF.1 2 Non-Vitamin K oral 
anticoagulants (NOACs) and warfarin has been the mainstay of stroke 
prevention in AF patients, although their use can be limited by increased 
bleeding risk and drug-drug interaction.3 4 Left Atrial Appendage 
(LAA) is considered the primary site for thrombus formation in non-
valvular AF. Though surgical methods have been available, epicardial 
and endocardial approaches to LAA closure have gained popularity 
with the introduction of Lariat (510K Class II Clearance by FDA 
in 2006) and Watchman/Watchman-FLX (FDA approved in 2015 
and 2020) devices in the last two decades.5-7 Amplatzer Amulet LAA 
occluder device was approved in Europe in 20138 and almost a decade 
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Abstract
Introduction:  Left atrial (LA) strain (Σ) and Σ rate (SR) analysis by two-dimensional speckle tracking echocardiography (2D-STE) is a novel 

way of LA function assessment.We aimed to assess the effects of left atrial appendage occlusion with Amulet device on LA function using 
2D-STE.

Methods: LA function parameters were calculated from apical two and four-chamber view with the reference point set at QRS, using 
2D-STE.LA emptying fraction (LAEF), LA expansion index (LAEI), Σs, and SRs during ventricular systole represent LA reservoir function. Passive 
emptying fraction (EFe), Σe, and SRe during early ventricular diastole represent LA conduit function. Active emptying fraction (EFa), Σ a, and 
SRa during atrial contraction represent LA booster function.  

Results: 54 patients were included in the study, mean age was 76.94±5.9 years and 58% were males. Mean CHADS2VASc2 and HAS-BLED 
scores were 5.2±1.9 and 4.1±1.3, respectively. There was significant improvement in conduit function [post 30.9±8.7 vs. pre 23.6±13.9 
(p=0.03)], reservoir function [post 107.3±127.2 vs pre 62.7±29.8 (p=0.02), and booster function [post 26.5±12.9 vs pre 16.6±09.1 (p=0.02)].  
Similarly, a significant improvement was demonstrated in ‘strain in early ventricular diastole [post 9.98±4.4 vs pre 5.49±4.3; p=0.02]’, 
‘strain in atrial contraction phase [post 10.4±2.96 vs pre 8.6±4.7; p=0.048)]’ and ‘strain rate in atrial contraction phase [post – 0.68 ± 0.27 
vs pre − 0.26 ± 0.68; p= 0.01)]’. 

Conclusions: LAAO using Amulet can significantly improve the LA volumetric indices along with the conduit and reservoir function.
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later has been recently approved in United States with AMULET-
IDE trial.9

Left atrial (LA) strain (Σ) and Σ rate (SR) analysis by two-
dimensional speckle tracking echocardiography (2D-STE) is a novel 
way of LA function assessment.  This is a valuable echocardiograph 
marker to detect LA dysfunction in hypertensive patients even before 
LA enlargement10 and a prognostic tool in patients with heart failure 
with preserved ejection fraction.11 We have previously demonstrated 
improvement in LA function (assessed by LA strain analysis) following 
LAA occlusion with both epicardial and endocardial device –  Lariat 
and Watchman device LAA.12 13 Nonetheless, there is no data on LA 
functional indices following left atrial appendage occlusion (LAAO) 
with Amplatzer Amulet occluder device.  We aimed to assess the effects 
of LAA exclusion with Amulet device on LA function using 2D-STE. 

Methods
A total of 54 patients from the LAFIT-Amulet registry were 

included in the study. LAFIT-Amulet is a single-center registry of 54 
patients undergoing endocardial exclusion via the Amplatzer Amulet 
LAAO device. The institutional review board approved the study 
protocol, and informed consent was obtained from all patients.

Inclusion Criteria
Eligible patients met the following inclusion criteria: 1) age ≥18 years 

and older; 2) nonvalvular AF; (3)at least one risk factor for embolic 
stroke (CHADS2VASC2 ≥ 2); transthoracic echocardiography (TTE) 
performed within 3 months before LAAO(used as a baseline); and 
TTE performed within 30 days after the procedure.

Exclusion Criteria
Patients were excluded if they met any of the following exclusion 

criteria: 1) LAA landing zone < 11 mm or > 31 mm; 2) presence of 
LAA thrombus; 3) atrial septal defect or patent foramen ovale; 4) active 
infection; and 5) presence of AF during TTE.  

Endocardial Exclusion of LAA using Amulet Device
LAA exclusion via Amplatzer Amulet device was performed using 

techniques as described previously.14

Baseline Transthoracic Echocardiography
Baseline TTE studies were performed using commercial platforms. 

American Society of Echocardiography (ASE) guidelines were used 
for the chamber quantifications.15 The measurements included the LA 
active and passive emptying fraction, LA diameter, and LA volume 
(measured as average LA volume from apical two and four-chamber 
views).  2D Cardiac Performance Analysis software (TomTec, Munich, 
Germany) was used for strain analysis.

Assessment of LA mechanical function using speckle-
tracking echocardiography (STE)

All TTE analysis and measurements were performed in sinus rhythm. 
Three consecutive beats were acquired in apical two-and four-chamber 
views using the harmonic mode (frame rate > 60 frame/s) to achieve 
2D speckle tracking imaging. Careful delineation of extracardiac 
structures and myocardial tissue by giving explicit attention to imaging 
that exhibited an adequate grayscale was implemented.LA function 
parameters (volumetric, strain indices) were calculated from apical four-
chamber views, using 2D-STE before and after Amulet implantation. 
Mean time from LAAO to follow-up echocardiography was 8 weeks 
± 2 days. 

Left atrial conduit function occurs during early diastole and was 
assessed by measuring LA passive emptying fraction (LAPEF) and 
Strain rate in early ventricular diastole (SRe). LAPEF was calculated 
by measuring (Volmax − Volbac)/Volmaxx 100), where Volmax was defined 
at the beginning of LV diastole and Volbac was defined at the end of 
passive LV filling. 

Left atrial reservoir function occurs during ventricular systole and 

Figure 1: Box and whisker plot illustrating improved left atrial expansion 
index(or reservoir function) post-Amplatzer Amulet implantation 

Table 1: Baseline Characteristics of the study population

Clinical variables N = 54

Age (years) 76.85 ± 5.94

Males (n, %) 29 (58%)

BMI (mean, SD) 27.98 ± 3.43

Hypertension (n, %) 51 (94%)

Diabetes Mellitus (n, %) 18 (33%)

Dyslipidemia (n, %) 40 (74%)

Chronic Kidney Disease (n, %) 18 (33%)

Coronary Artery disease (n, %) 42 (78%)

Chronic Heart Failure (n, %) 19 (35%)

Mitral Regurgitation (n, %) 50 (93%)

Persistent atrial fibrillation (n, %) 35 (65%)

Paroxysmal atrial fibrillation (n, %) 19 (35%)

Catheter Ablation for atrial fibrillation (n, %) 20 (37%)

CHADS2VASC2 (mean, SD) 5.22 ± 1.90

HAS-BLED (mean, SD) 4.14 ± 1.32

Left ventricular ejection fraction (%) 50.09 ± 8.41
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was assessed by measuring LA expansion index (LAEI) and Strain rate 
during ventricular systole (SRs).  LAEI was calculated by measuring 
(Volmax − Volmin)x100%/Volmin, where Volmax was defined as the maximal 
LA volume, and Volmin was defined as the minimal LA volume.  

Left atrial pump or booster function occurs during end-diastole and 
was assessed by measuring LA active emptying fraction (LAAEF) and 
Strain rate in the atrial contraction phase(SRa). LAAEF was calculated 
by (Volp − Volmin/Volp x 100), where Volp is the pre-atrial contraction 
volume, and Volmin is the LA volume at mitral valve closure.

Statistical Analysis
This study was designed as an observational study; therefore, the 

sample size was not defined as priori.  Categorical variables were 
expressed in either percentage or mean± standard deviation (SD) 
or median (interquartile range) for non-normally distributed data. 
Continuous variables were expressed as mean ± SD.  A box and whisker 
plots were used to describe the volumetric and strain indices pre- and 
post-Amulet implant. The ends of the box represented the upper and 
lower quartiles, while the median was marked by a horizontal line inside 
the box.  The whiskers were the two lines outside the box that extend 
to the maximum and minimum values. Two-tailed p-value< 0.05 was 
considered significant.  Analyses were performed using GraphPad 6 
(Graph Pad Software, La Jolla, CA) and SPSS 24.0 (IBM, Armonk, 
New York).

Table 2: Left atrial reservoir and conduit function as assessed by volumetric 
methods after LAA exclusion via Amulet device.

2D echocardiographic Parameters Pre-Amulet Post-Amulet p-value

Left atrial emptying fraction (LAEF) % 36.3 ± 10.8 44.4 ± 13.3 0.005

Left atrial expansion index (LAEI)
Reservoir function

62.7 ± 29.8 107.3 ± 127.2 0.02

Left Atrial Passive Emptying Fraction (LAPEF) %
Conduit function

23.6 ± 13.9 30.9 ± 8.7 0.03

Left Atrial Active emptying fraction (LAAEF) %
Pump or booster function

16.6 ± 9.1 26.5± 12.9 0.02

Data represented as mean ± SD or n (%); Data compared using Wilcoxon Signed Rank test 
(IBM SPSS statistics version 22), p value (two tailed) less than 0.05 was considered statistically 
significant.

Results
Baseline characteristics

A total of 54 patients were included in the LAFIT-Amulet study.
Amplatzer Amulet occluder was successfully implanted in all patients 
with no procedure-related complication. There was no peri-device 
leak and device-related thrombosis.  Mean age was 76.94 ±5.9 years 
with 58% males and mean left ventricular ejection fraction of 50 ± 
8.4%.  Mean CHADS2VASc2 and HAS-BLED scores were 5.2 ± 1.9 
and 4.1 ± 1.3, respectively.  65% of patients had persistent AF, while 
35% had paroxysmal AF.  38% percent of patients had prior catheter 
ablation for AF.  Table 1 highlights the baseline characteristics of the 
study population. 

LAA Exclusion improves the mechanical function of LA as 
assessed by Volumetric indices

There was significant improvement in conduit function (LA passive 
emptying fraction; post 30.9 ± 8.7 vs pre 23.6 ± 13.9 (p = 0.03), reservoir 
function (LA expansion index; post 107.3± 127.2 vs pre 62.7 ± 29.8 (p 
= 0.02), and booster function (LA active emptying fraction; post 26.5 
± 12.9 vs pre 16.6 ± 09.1 (p = 0.02) in LA volumetric indices (Table 2 
, Figure 1 & Figure 2). 

LAA Exclusion improves the mechanical function of LA as 
assessed by deformation analysis

There was significant improvement noted with strain indices in 
conduit function (SRe; post –0.87 ± 0.46 vs pre − 0.66 ± 0.32(p= 0.04) 
and reservoir function (SRs; post + 0.95 ± 0.02 vs pre + 0.57 ± 0.27(p 
= 0.01).  Similarly, a significant improvement was demonstrated in 
‘strain in early ventricular diastole (Σe; post 9.98 ± 4.4 vs pre 5.49 ± 
4.3; p= 0.02)’, ‘strain in atrial contraction phase(Σa; post 10.4 ± 2.96 vs 
pre 8.6 ± 4.7; p= 0.048)’and ‘strain rate in atrial contraction phase(SRa; 
post – 0.68 ± 0.27 vs pre − 0.26 ± 0.68; p= 0.01)’ following LAAO with 
Amplatzer Amulet device(Table 3 & Figure 3)

Discussion
This study serves an observational purpose in an unexplored 

intervention-induced hypothesis.  Our research is the first to 
demonstrate a significant improvement in LA volumetric and strain 
indices post LAAO with Amplatzer Amulet device.  Additionally, a 
significant improvement was noted in LA volumetric indices (LAVI) 
and improved LA reservoir and conduit function post-implant. 

The LAA is an embryologic remnant recognized for its significant 
role in mechanical, physiologic, and endocrine function.LAA has 
been a target of occlusion devices, both epicardial and endocardial, 
due to its established role as a substrate for thrombogenes is and 
arrhythmogenicity.16 As newer devices and techniques are developed 
and become part of clinical practice, awareness of their impact on an 
organ system and clinical utility is becoming even more imperative.

Left atrial dysfunction (as assessed by LAVI/strain analysis) is 
associated with adverse clinical outcomes.17 Therefore, whether LAAO 
with Amulet device has any impact on LA function remains unclear. 
LA volumetric index remains the main echocardiographic parameter to 
assess the LA remodeling and indirectly the LA function. The findings Figure 2:

Box and whisker plot illustrating significant changes in emptying 
fraction post-Amplatzer Amulet implantation (conduit function or 
LA passive emptying fraction and booster function or LA active 
emptying fraction) 
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loss – more so with Amplatzer Amulet device than Watchman), thus 
accounting for improved LAVI, LA reservoir and conduit function as 
noted in our study.

Therefore, improved LA mechanical function and positive 
remodeling are reassuring in patients undergoing LAAO with 
Amplatzer Amulet device.  Since LA failure has been associated with 
poor quality of life, exercise intolerance, heart failure hospilization 
resulting in increased morbidity and mortality.  The 2D-STE allows for 
myocardial deformation quantification in variety of disease substrates 
(like amyloid) and following therapeutic intervention (transcatheter 
aortic valve replacement, transcatheter mitral valve repair and 
percutaneous LAAO to name a few) with its ability to detect subtle 
myocardial changes, with tremendous diagnostic and prognostic value.   
Whether this also results in electrical remodeling and improvement 
in cardiovascular endpoints (in sinus rhythm) remains unknown and 
hypothesis-generating. 

Limitations
Our results should be considered in light of several significant 

limitations. The most important limitation being that our study was 
too small (and lack of control group) to allow conclusions about 
hard clinical endpoints. Although no patients had peri-procedure 
and procedure-related complications, a critical gap of knowledge 
remains due to lack of long-term follow-up data.  Second, technical 
limitations in image analysis based on the 2D-STE technique could 
not be excluded.  Also, sampling error and proximal disc artifacts made 
the post-processing analysis difficult. Third, retrospective study design 
and the relatively newer device cannot determine the exact underlying 
pathophysiology behind improvement in LA function observed in our 
study. Fourth, whether prior AF ablation (38% patients in our study) 
impacted the results in our study remains unclear at this time.  Further 
long-term prospective studies are needed to fully delineate the impact 
of LAAO on atrial mechanics in sinus rhythm and atrial fibrillation. 
Fifth, operator-center selection bias may arise because all cases and 
echocardiographic measurements were performed at high volume 
centers with experienced operators.  

Conclusion
Our study demonstrates that LAAO with Amplatzer Amulet device 

affects the LA mechanical function as evidenced by improvement in 
LA volumetric indices, conduit and reservoir function.
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