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Background Patients with hypertrophic cardiomyopathy (HCM) and atrial fibrillation (AF) are at increased stroke risk in comparison to 
those with non-valvular AF not affected by HCM.

Objectives To investigate the role of left atrial appendage closure (LAAC) in patients with HCM and AF.

Methods 
and results

We identified patients with HCM and AF using the National Readmission Dataset. Patients were stratified based on LAAC 
status. The primary efficacy outcome was a composite of ischaemic and haemorrhagic stroke, TIA, and all-cause mortality. 
The primary safety outcome was a composite of major bleeding and pericardial complications. Patients were matched using 
inverse probability of treatment weighting. Cox-proportional hazard regression was applied to calculate the hazard ratio 
(HR) with a 95% confidence interval (CI) on matched cohorts. We identified 71 980 patients with HCM and AF. 1351 
(1.9%) patients underwent LAAC. Two hundred and eighty-seven (21.2%) underwent transcatheter LAAC. LAAC was as
sociated with a lower risk of the primary efficacy outcome (2.5% vs. 5.4%, HR: 0.38; 95% CI: 0.17–0.88; P = 0.024), the pri
mary safety outcome (2.9% vs. 6.8%, HR: 0.39; 95% CI: 0.23–0.66, P = 0.001), and reduced major bleeding. The LAAC group 
trended towards a lower risk of ischaemic stroke and all-cause mortality.

Conclusion Surgical and transcatheter LAAC was associated with a lower risk of haemorrhagic stroke and major bleeding.
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Graphical Abstract
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What’s new?

• Hypertrophic cardiomyopathy patients with AF who undergo 
LAAC have a significantly lower composite endpoint of ischaemic 
or haemorrhagic stroke, TIA, and mortality.

• Hypertrophic cardiomyopathy and AF patients who undergo LAAC 
also have a lower composite endpoint of major bleeding and pericar
dial complications.

• Left atrial appendage closure patients were likely to be younger, 
have coagulopathy, obesity, and were treated in large hospitals or 
teaching hospitals.

• Amongst patients who did not undergo concurrent myectomy, 
LAAC was still associated with a reduction in the primary efficacy 
outcome, suggesting that LAAC is efficacious independent of septal 
myectomy.

• We observed a lower rate of heart failure admissions in the LAAC 
group, which is counter to previously reported data.

Introduction
Atrial fibrillation (AF) represents the most common arrhythmia in pa
tients with hypertrophic cardiomyopathy (HCM), presenting in up to 
28% of patients.1 AF has been identified as an independent predictor 
of mortality in HCM patients due to stroke, thromboembolism, and 
heart failure.1–3 Ischaemic strokes are up to eight times more common 
when HCM patients are in AF than when they are in sinus rhythm.1

Traditional stroke risk prediction models, such as the 
CHA2DS2-VASc score, have failed to demonstrate high predictive ac
curacy for ischaemic strokes in HCM patients with a significant number 
of strokes occurring in patients with a CHA2DS2-VASc score of 0.2,4

The factors that have been associated with a high risk of systemic 
thromboembolism in HCM patients with AF include left atrial size, in
creasing age, heart failure symptoms, and vascular disease.4

Additionally, the stroke risk in HCM patients with AF is independent 
of the duration of AF episodes (paroxysmal or permanent) or the num
ber of paroxysmal episodes.5

The 2020 EHRA/EAPCI Expert Consensus Statement on 
Catheter-Based Left Atrial Appendage Occlusion supports the use 
of percutaneous LAAC in patients with an increased stroke risk 
and a contraindication to long-term anticoagulation.6 The 2019 
AHA/ACC Focused Update of the 2014 Guidelines for the 
Management of Patients with AF assigns a class IIb indication for 
LAAC in this population.7 LAAC has demonstrated clinical benefits 
in large, prospective, randomized controlled trials, with respect to 
stroke prevention, cardiac mortality, and all-cause mortality in pa
tients with non-valvular AF, however, HCM patients are 
not-represented in these studies.7 Additionally, careful patient selec
tion for LAAC is important as those with heart failure have been de
monstrated to suffer from adverse effects when undergoing LAAC.8

Furthermore, for patients with AF undergoing cardiac surgery, 
LAAC at the time of surgery has demonstrated a reduction in stroke 
or systemic thromboembolism risk.9

The 2020 AHA/ACC Guideline for the Diagnosis and Treatment of 
Patients with Hypertrophic Cardiomyopathy recommends anticoagula
tion for systemic thromboembolism prevention in HCM patients with 
AF.5 However, no recommendations were made for LAAC due to the 
under-representation of HCM patients in trials evaluating the safety and 
efficacy of transcatheter LAAC. Similarly, there is a paucity of data re
garding the efficacy of surgical LAAC in HCM patients.

Given the high prevalence of AF in HCM patients, the associated high 
morbidity and mortality, and the under-representation of HCM 
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patients in LAAC studies, we sought to use this retrospective cohort to 
evaluate the efficacy and safety of LAAC in HCM patients with AF.

Methods
Data source
Data were extracted from 2016 to 2019 Nationwide Readmission Database 
(NRD). NRD is an all-payer database, a subset of the Healthcare Cost and 
Utilization Project (HCUP), sponsored by the Agency for Healthcare 
Research and Quality. NRD from 2016–19 contains data from approximately 
17 million discharges per year, across 28 geographically dispersed states. This 
dataset accounts for 60% of the total U.S. resident population and 58.2% of all 
U.S. hospitalizations.10 The NRD utilizes a de-identified unique number for 
every patient, tracking patients and determining readmissions across hospitals 
within a calendar year. NRD has been studied and validated in multiple pre
vious studies.11,12 Due to the use of de-identified patients, institutional review 
board approval was not required. This study followed the reporting guidelines 
specified by the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) reporting guideline.13

Patient selection
We identified patients with HCM using previously described ICD-10 CM 
codes (I42.1, I42.2) in the primary or secondary diagnosis fields.14 AF was 
identified using appropriate ICD-10 CM codes (I48) in either the primary 
or secondary diagnosis fields. Patients with missing information on age, gen
der, mortality, length of stay, or age <18 were removed (Figure 1).

Baseline variables
We used the variables provided in the NRD by HCUP to identify baseline 
characteristics including age, sex, hospital characteristics (location, bed size, 
and teaching status), and patient-specific aspects including primary 
payer.15,16 We utilized the ICD-10-CM codes provided by the Elixhauser 
comorbidity index calculator given by HCUP to identify obesity, hyperten
sion, diabetes, heart failure, chronic lung disease, chronic liver disease, alco
hol disorder, peripheral vascular disease, cancer, coagulopathy, and anaemia 
(see Supplementary material online, Table S1).17,18 Other comorbidities 
such as chronic kidney disease stage 3 or more (CKD), prior coronary ar
tery bypass grafting (CABG), prior percutaneous coronary intervention 
(PCI), hyperlipidaemia, previous stroke/transient ischaemic attack, and to
bacco use were identified using appropriate ICD-10-CM codes (see 
Supplementary material online, Table S1).

Intervention & outcomes
The intervention of interest was LAAC (surgical or percutaneous). LAAC 
was identified using appropriate ICD-10 PCS codes (02L7) in either the pri
mary or secondary procedure codes. The primary efficacy outcome was a 
composite of the incidences of any (ischaemic or haemorrhagic) stroke, 
transient ischaemic attack (TIA), and all-cause mortality. The primary safety 
outcome was a composite of major bleeding (composite of gastrointestinal 
bleeding, intracerebral haemorrhage (ICH), hospitalization for bleeding, and 
blood transfusion), pericardiocentesis, and cardiac tamponade. Individual 
primary outcomes and heart failure readmissions were considered second
ary outcomes. Details regarding outcomes are provided in Supplementary 
material online, Table S2.

Nationwide Readmission
Database 2016-2019

Patients hospitalized with
hypertrophic cardiomyopathy

and atrial fibrillation

Index patients with hypertrophic
cardiomyopathy and atrial

fibrillation
(N = 71 980)

Left Atrial Appendage
Closure

(N = 1351)

No Left Atrial
Appendage Closure

(N = 70 629)

Excluded
–  Age <18 years
–  Missing gender or age
–  Missing length of stay or death

Figure 1 Patient selection and study design. Depiction of the patient selection algorithm and study design that was implemented.

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad101#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad101#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad101#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad101#supplementary-data
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Table 1 Baseline characteristics

Patient populations No-LAAC LAAC All patients P-valuea

70 629 1351 71 980

Age, mean ± SD 70 ± 13.1 67.5 ± 10.1 69.9 ± 13.1 <0.001

Sex <0.001

Male 46.6% 54.6% 46.7%

Female 53.4% 45.4% 53.3%

Comorbiditiesb

Hypertension 82.1% 82.8% 82.1% 0.678

Diabetes 28.4% 27.2% 28.4% 0.449

Hyperlipidaemia 56.1% 64.9% 56.3% <0.001

Heart failure 57.5% 51.0% 57.4% 0.001

Prior PCI 7.5% 7.3% 7.4% 0.843

Prior CABG 4.9% 3.2% 4.8% 0.030

Stroke/TIA 12.3% 12.6% 12.3% 0.800

Chronic lung disease 30.4% 21.6% 30.2% <0.001

Chronic kidney disease 30.5% 22.1% 30.3% <0.001

Chronic liver disease 5.9% 5.7% 5.9% 0.843

Peripheral vascular disease 25.4% 23.8% 25.4% 0.368

Tobacco use disorder 27.9% 35.7% 28.1% <0.001

Coagulopathy 11.2% 28.3% 11.5% <0.001

Obesity 21.4% 27.7% 21.6% <0.001

Cancer 6.2% 1.3% 5.2% <0.001

Anaemia 6.4% 5.9% 6.4% 0.560

CHA2DS2-VASc 4.1 ± 1.7 3.9 ± 1.7 <0.001

Elixhauser comorbidity index, median (IQR) 5 (4–7) 6 (4–7) 0.272

Concurrent procedures

Myectomy 2.2% 19.5% 2.57%

CABG 1.5% 18.5% 1.84%

Transcatheter aortic valve replacement 0.5% <0.8% <0.51%

Surgical aortic valve replacement 1.6% 19.4% 1.9%

Mitral valve surgery 2.1% 40.1% 2.8%

Pulmonary valve surgery <0.02% <0.8% <0.1%

Tricuspid valve surgery 0.2% 4.7% 0.3%

Atrioventricular septal closure 0.2% 3.0% 0.3%

Primary payer <0.001

Private/self 22.9% 31.8% 23.1%

Medicare/Medicaid 77.1% 68.3% 76.9%

Hospital size <0.001

Small/medium 40.9% 22.1% 40.6%

Large 59.1% 77.9% 59.4%

Teaching hospitalc <0.001

Non-teaching 24.2% 14.2% 24.0%

Teaching 75.8% 85.9% 76.0%

Hospital location 0.169

Non-urban 40.3% 36.8% 40.2%

Urban 59.7% 63.2% 59.8%

Income per zip code 0.068

0–25th 23.3% 20.7% 23.2%

Continued 
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Statistical analysis
We presented categorical variables as numbers and percentages and con
tinuous variables as means with standard deviation or medians with inter
quartile range (IQR). Categorical variables were compared between the 
two groups using Chi-square, while continuous variables were compared 
using the t-test or Wilcoxon rank-sum test. A non-parsimonious multivari
able logistic regression model was developed to estimate the propensity 
score using all variables mentioned in Table 1 to match patients with or 
without LAAC. Then, a double-robust method was used to generate treat
ment weights, and the inverse probability of the treatment weighting meth
od was applied to match patients. Time-to-event was determined from 
discharge date to readmission date for all outcomes. If patients were not 
readmitted, they were censored, and censored time was calculated from 
discharge month to the end of the year (see Supplementary material 
online, Table S3). On matched cohorts, Cox-proportional hazard regression 
was applied to calculate the hazard ratio (HR) with a 95% confidence inter
val (CI) for post-discharge outcomes. The global test of proportionality 

assumption was not violated (global test P > 0.05). Kaplan–Meier graphs 
were constructed and Kaplan–Meier estimates were calculated for out
comes. The balance of baseline variables before and after matching are pre
sented in Supplementary material online, Figure S1. A two-tailed P-value of 
0.05 was designated as statistically significant. Interaction testing was per
formed between LAAC and surgical myectomy on heart failure readmis
sions. We adhered to the methodological standards of HCUP. All 
statistical analyses were conducted using appropriate weighting, stratifying, 
and clustering samples to obtain national estimates using the svy package of 
STATA, version 16.1 (StataCorp, College Station, TX).

Results
A total of 71 980 patients were included in the final analysis, of which 1351 
(1.9) underwent LAAC (Table 1). 287 (21.2%) underwent transcatheter 
LAAC. The mean age of the cohort was 69.9 ± 13.1 years and 53.3% 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Continued  

Patient populations No-LAAC LAAC All patients P-valuea

70 629 1351 71 980

26–50th 25.3% 27.0% 25.4%

51 = 75th 26.0% 22.8% 25.9%

76–100th 24.1% 27.6% 24.2%

Values are mean ± SD or %. 
aThe P-value comparing LAAC to no-LAAC. 
bInternational classification of diseases-10th revision codes was used to identify respective comorbidities as per Supplementary material online, Table S2. The bed size cut-off points divided 
into small, medium, and large have been done so that approximately one-third of the hospitals in a given region, location, and teaching status combination would fall within each bed size 
category (https://www.hcup-us.ahrq.gov/db/vars/hosp_bedsize/nrdnote.jsp). 
cA hospital is considered to be a teaching hospital if it has an American Medical Association–approved residency programme (https://www.hcup-us.ahrq.gov/db/vars/hosp_ur_teach/ 
nrdnote.jsp.). 
CABG, coronary artery bypass graft; IQR, interquartile range; LAAC, left atrial appendage closure; PCI, percutaneous coronary intervention; SD, standard deviation; TIA, transient 
ischaemic attack.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Primary and secondary outcomes by LAAC status

No-LAAC LAAC IPTW method P-value
n = 70 629 n = 1351 HR (95% CI)

Primary efficacy outcome 5.4% 2.5% 0.38 (0.17–0.88) 0.024

Primary safety outcome 6.8% 2.9% 0.39 (0.23–0.66) 0.001

Ischaemic stroke 1.9% 0.8% 0.20 (0.04–1.12) 0.067

Intracerebral haemorrhage 0.2% 0.0% NA <0.001

All-cause mortality 3.5% 2.6% 0.48 (0.19–1.23) 0.124

Major bleeding 6.0% 1.6% 0.34 (0.18–0.64) 0.001

Gastrointestinal bleeding 1.3% 0.2% 0.22 (0.06–0.79) 0.020

Blood transfusions 4.90% 2.10% 0.37 (0.19–0.73) 0.004

Admission for bleeding 2.30% 0.50% 0.20 (0.07–0.58) 0.003

Pericardiocentesis 0.30% 0.20% 0.44 (0.06–3.19) 0.42

Cardiac tamponade 0.30% 0.50% 1.33 (0.41–4.35) 0.635

Heart failure hospitalizations 13.2% 6.4% 0.52 (0.33–0.82) 0.005

The primary efficacy outcome was a composite of ischaemic or haemorrhagic stroke, TIA, and/or mortality. 
The primary safety outcome was a composite of major bleeding, pericardiocentesis, and pericardial tamponade. 
Major bleeding was a composite of intracranial haemorrhage, gastrointestinal bleeding, blood transfusion, and/or admission for bleeding. 
Cumulative percentages using Kaplan–Meier curve time-to-event analysis. 
Cox-proportional hazards regression model was used to generate hazard ratios. 
CI, confidence interval; HR, hazard ratio; IPTW, inverse probability of treatment weighting; LAAC, left atrial appendage closure.

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad101#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad101#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad101#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad101#supplementary-data
https://www.hcup-us.ahrq.gov/db/vars/hosp_bedsize/nrdnote.jsp
https://www.hcup-us.ahrq.gov/db/vars/hosp_ur_teach/nrdnote.jsp
https://www.hcup-us.ahrq.gov/db/vars/hosp_ur_teach/nrdnote.jsp
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were female. The most common comorbidities were hypertension 
(82.1%), heart failure (57.4%), hyperlipidaemia (56.3%), CKD (30.3%), 
and chronic lung disease (30.2%). The median follow-up was 165 days.

Those who underwent LAAC were significantly younger than those 
who did not (67.5 ± 10.1 years vs. 70.0 ± 13.1 years, P < 0.001) and 
were more likely to be male than female (54.6% vs. 45.4%, P <  
0.001). Patients who underwent LAAC were more likely to have a his
tory of coagulopathy (28.3% vs. 11.2%, P < 0.001), obesity (27.7% vs. 
21.4% P < 0.001), tobacco use disorder (35.7% vs. 27.9%, P < 0.001), 
and hyperlipidaemia (64.9% vs. 56.1%, P < 0.0001). Additionally, pa
tients who underwent LAAC were more likely to be admitted to large 
hospitals (77.9% vs. 59.1%, P < 0.001) or teaching hospitals (85.9% vs. 
75.8%, P < 0.001). They were less likely to have a history of heart failure 
(51.0% vs. 57.5%, P = 0.001), prior CABG (3.2% vs. 4.9%, P-0.030), 
chronic lung disease (21.6% vs. 30.4%, P < 0.001), CKD (22.1% vs. 
30.5%, P < 0.001), or cancer (1.3% vs. 6.2%, P < 0.001) as compared 
to patients who did not undergo LAAC (Table 1).

The primary efficacy outcome (a composite of ischaemic or haemor
rhagic stroke, TIA, and mortality) was significantly lower in patients who 
underwent LAAC (2.5% vs. 5.4%, HR: 0.38; 95% CI: 0.17–0.88; P =  
0.024) compared to those who did not (Table 2, Central Illustration). 
The primary safety outcome was significantly lower in patients who 
underwent LAAC (2.9% vs. 6.8%, HR 0.39; 95% CI: 0.23–0.66, P =  
0.001) (Table 2, Figure 2).

Individually, ischaemic stroke (0.8% vs. 1.9%, HR 0.20; 95% CI: 0.04– 
1.12, P = 0.067) and all-cause mortality (2.6% vs. 3.5%, HR: 0.48; 95% 
CI: 0.19–1.23; P = 0.124) were numerically lower with LAAC but did 

not reach statistical significance. LAAC was associated with lower rates 
of ICH (0.0% vs. 0.2%; P < 0.001), major bleeding (1.6% vs. 6.0%, HR 
0.34, 95% CI 0.18–0.64, P = 0.001), GI bleeding (0.2% vs. 1.3%, HR 
0.22; 95% CI: 0.06–0.79, P = 0.020), blood transfusions requiring admis
sion (2.10% vs. 4.90%, HR 0.37, 95% CI 0.19–0.73, P = 0.004), and ad
missions for bleeding (0.50% vs. 2.30%, HR 0.20, 95% CI 0.07–0.58, P =  
0.003). The incidence of pericardiocentesis and cardiac tamponade 
were similar in both groups. An exploratory secondary outcome of 
heart failure readmissions (6.4% vs. 13.2%, HR 0.52, 95% CI 0.33– 
0.82, P = 0.005), was lower with LAAC (Table 2). A significant inter
action between LAAC and myectomy upon heart failure readmissions 
was not present (P-value for interaction = 0.76). LAAC without myect
omy (HR 0.575, 95% CI 0.348–0.949, P = 0.030) and myectomy with
out LAAC (HR 0.495, 95% CI 0.328–0.745, P = 0.001) were both 
independently associated with reduced heart failure readmissions. 
The combination of LAAC and myectomy was also significantly asso
ciated with heart failure readmissions (HR 0.242, 95% CI 0.109– 
0.537, P < 0.001).

In the subgroup analysis, patients who underwent LAAC and had a 
history of septal myectomy (0.8% vs. 1.2%, HR: 0.27; 95% CI: 0.11– 
0.66; P = 0.004), non-concurrent myectomy (3.1% vs. 5.5%, HR: 0.37; 
95% CI: 0.15–0.92; P = 0.033), and persistent AF (1.0% vs. 5.9%, HR: 
0.07; 95% CI: 0.01–0.48; P = 0.007) had a significantly lower risk for 
the primary efficacy outcome (Table 3). Patients who underwent 
LAAC and had a history of obstructive HCM or paroxysmal AF had a 
lower risk for the primary efficacy outcome but did not reach statistical 
significance (Table 3).

Month since discharge

Hazard ratio: 0.38, 95% CI: 0.17-0.88, P -value = 0.024

LAAC – 2.5%

No LAAC – 5.4%

C
um

ul
at

iv
e 

in
ci

de
nc

e

P
rim

ar
y 

ef
fic

ac
y 

ou
tc

om
e 

(%
)

10

0

0 1 2 3 4 5 6 7 8 9 10 11 12

2

4

6

8

LAAC 1,295 1,179 1,063 937 817 724 628 530 423 327 182 96 0

No LAAC 67,727 61,420 56,173 50,856 45,912 40,849 35,776 30,523 25,011 19,300 13,000 7,004 0

LAACNo LAAC

Number at risk
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Discussion
Our study demonstrates that HCM patients with AF who undergo 
LAAC have a significantly lower composite endpoint of ischaemic or 
haemorrhagic stroke, TIA, and mortality which was primarily driven 
by a reduction in haemorrhagic stroke. There was also a significantly 
lower rate of the primary safety outcome in those who underwent 

LAAC. Interestingly, we observed a lower rate of heart failure admis
sions in the LAAC group, which is counter to previously reported 
data that LAAC may increase the rate of heart failure admissions.19

Those who underwent LAAC were likely to be younger and as young 
patients are more likely to undergo myectomy, this cohort includes a 
large proportion of surgical LAAC. In contrast, percutaneous LAAC 
is often more commonly performed in the elderly.20 We also found 
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Figure 2 Kaplan–Meier failure estimate of primary safety outcome. Time-to-event analysis of primary safety outcome of major bleeding (gastrointes
tinal bleeding, intracerebral haemorrhage, hospitalization for bleeding, and blood transfusion), pericardiocentesis, and cardiac tamponade comparing 
LAAC (red) with no-LAAC (blue). CI, confidence interval; HR, hazard ratio; LAAC, left atrial appendage closure.
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Table 3 Subgroup analysis of primary efficacy outcome

Subgroups n No-LAAC LAAC IPTW method

HR (95% CI) P-value

Obstructive HCM 15 551 5% 1.7% 0.36 (0.10–1.24 0.104

Septal myectomy 1848 1.2% 0.8% 0.27 (0.11–0.66) 0.004

Non-concurrent myectomy 33 593 5.5% 3.1% 0.37 (0.15–0.92) 0.033

Paroxysmal AF 33 363 4.9% 2.9% 0.50 (0.20–1.24) 0.133

Persistent AF 38 582 5.9% 1.0% 0.07 (0.01–0.48) 0.007

The primary efficacy outcome was a composite of ischaemic or haemorrhagic stroke, TIA, and/or mortality. 
Cumulative percentages using Kaplan–Meier curve time-to-event analysis. 
Cox-proportional hazards regression model was used to generate hazard ratios. 
CI, confidence interval; HCM, hypertrophic cardiomyopathy; HR, hazard ratio; IPTW, inverse probability of treatment weighting; LAAC, left atrial appendage closure.
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that these patients were more likely to be obese, a known risk factor 
for AF.7 Males underwent LAAC more frequently, a trend similar to 
past cohorts that exclusively underwent percutaneous LAAC.20

Patients who underwent LAAC were also more likely to have been 
treated in large or teaching hospitals, suggesting a referral bias for these 
complex HCM patients to tertiary institutions for multidisciplinary care.

We also found that patients with HCM, AF, and coagulopathy were 
more likely to undergo LAAC, a trend consistent with EHRA/EAPCI 
and AHA/ACC guidelines for the use of LAAC in patients unable to tol
erate anticoagulation.6,7 The need for both blood transfusions and ad
missions for bleeding was significantly lower in the LAAC group, 
suggesting that LAAC may be an appropriate intervention for those 
at high risk of bleeding due to coagulopathy. Given this, the more fre
quent use of LAAC in those with coagulopathy seems appropriate.

The mechanisms of AF in HCM are likely multifactorial.21 The ele
vated left ventricular filling pressures found in HCM resulting in elevated 
LA afterload with subsequent LA dilation and shortening of the effect
ive atrial refractory period are thought to be major promotors of left 
atrial remodelling, however, atrial myopathy secondary to HCM is 
also recognized. The high burden of fibrosis may promote an electrical 
substrate that contributes to increased arrhythmias and AF.21 The high
er rates of recurrent AF following successful pulmonary vein isolation, 
particularly in those with persistent AF, and the important predictive 
value of LA size in HCM support this theory of atrial myopathy.21,22

In our subgroup analysis, we saw that even when septal myectomy is 
performed, LAAC further reduced the incidence of our primary effi
cacy outcome, reinforcing the above theory that elevated LA afterload 
alone is not solely responsible for AF in this population. Furthermore, in 
patients who did not undergo concurrent myectomy, LAAC was still 
associated with a reduction in the primary efficacy outcome, suggesting 
that LAAC is efficacious independent of septal myectomy and the po
tential benefits of a reduction in outflow tract gradient. Despite the 
concern that embolic stroke in HCM patients with AF may not be solely 
LAA in origin, our results suggest that LAAC is efficacious and safe.

Preliminary data from a small single-arm retrospective pilot study in
volving 36 HCM patients with AF undergoing percutaneous LAAC for 
primary or secondary stroke prevention demonstrated the safety and 
efficacy of this approach.23 At a mean follow-up time of 28.4 months, 
no thromboembolic events occurred in either the primary or second
ary stroke prevention groups and 97.2% of patients achieved freedom 
from anticoagulation.

Our large retrospective data support the efficacy and safety of LAAC 
for stroke prevention in HCM patients with AF. The benefits are driven 
primarily by a reduction in ICH, GI bleeding, blood transfusions, and ad
missions for bleeding. Importantly, there was no significant increase in 
the rate of pericardiocentesis or cardiac tamponade in the LAAC 
group. Although the patients in our cohort were treated with predom
inantly surgical LAAC, reflecting the availability of this therapy long be
fore transcatheter LAAC, we believe that the benefits of LAAC seen in 
this cohort may be extrapolated to transcatheter LAAC. This is further 
highlighted by the efficacy associated with LAAC without concurrent 
myectomy, suggesting that myectomy alone is not responsible for the 
improvement in the primary efficacy outcome with LAAC.

Limitations
First, this is an observational, retrospective analysis using an administra
tive database, thus it is subject to errors related to coding discrepancies, 
and the fidelity of data is dependent on the rigour of coding practices of 
institutions submitting data to this database. Furthermore, we do not 
have left atrial size data, which has been demonstrated to predict sys
temic thromboembolic events in HCM-AF patients.24 We also do 
not have information regarding the success rate of LAAC as assessed 
by the presence of flow into the appendage following closure. 

Anticoagulation and procedural and peri-procedural stroke details in
dependent of long-term stroke prevention benefits are not available 
in this predominantly surgical cohort. Furthermore, most patients 
underwent LAAC during surgical myectomy, however, our subgroup 
analysis showed an association with improvement in the primary effi
cacy outcome in the absence of concurrent myectomy. Although the 
groups compared in our analysis underwent propensity matching, there 
may be variables that are not accounted for that are different between 
the groups, resulting in confounding. This can only be completely over
come with a randomized controlled study. Finally, our mean follow-up 
time of 165 days is relatively short, resulting in a relatively low event 
rate.

Conclusions
Left atrial appendage closure is associated with a significantly lower rate 
of a primary efficacy outcome of ischaemic or haemorrhagic stroke, 
TIA, and mortality that was driven by a reduction in ICH. There was 
also a significant reduction in the primary safety outcome. Overall, 
our findings indicate that surgical and transcatheter LAAC is appropri
ate in HCM patients with AF and an elevated bleeding risk or contra
indication to anticoagulation. Furthermore, in patients referred for 
surgical myectomy who have a history of AF, concomitant surgical 
LAAC should be considered. Future LAAC registries may provide fur
ther information on the impact of left atrial size on patient selection and 
long-term outcomes of surgical and transcatheter LAAC in this patient 
population.
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