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Abstract

Objective: The aim of this study was primarily to determine efficacy after alcohol

septal ablation (ASA) in mildly symptomatic patients (NYHA class II) with hypertro-

phic obstructive cardiomyopathy (HOCM), as compared to medical therapy.

Methods: This retrospective study included 163 mildly symptomatic patients with

HOCM evaluated in Beijing Anzhen Hospital between March 2001 and August 2019,

consisting of the medical group (n = 105) and the ASA group (n = 58). All-cause mor-

tality and HCM-related death were mainly observed.

Results: Follow-up was completed in 161 patients and the median follow-up was

6.0 years. Compared to medically treated patients, patients post-ASA had compara-

ble survival free of all-cause mortality (98.3% and 95.1% vs. 93.0% and 83.1% at

5 and 10 years, respectively; p = 0.374). Survival free of HCM-related death was also

similar between ASA and medical groups (98.3% and 95.1% vs. 94.3% and 86.2% at

5 and 10 years, respectively; p = 0.608). However, compared to medical therapy,

ASA had advantages on the improvement of NYHA class (1.4 ± 0.6 vs. 2.1 ± 0.5,

p = .000) and lower occurrence of new-onset atrial fibrillation (AF) (7.8% vs. 20.4%,

p = .048). Multivariate analysis demonstrated that resting LVOT gradient at the last

clinical check-up was an independent predictor of all-cause mortality (HR = 1.021,

95%CI 1.002–1.040, p = .027).

Conclusion: This registry suggests that mildly symptomatic patients with HOCM

treated with ASA have comparable survival to that of medically treated patients, with

the improvement of NYHA class and lower occurrence of new-onset AF. All-cause

mortality is independently associated with resting LVOT gradient at the last clinical

check-up.
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1 | INTRODUCTION

Hypertrophic obstructive cardiomyopathy (HOCM) is an inherited

myocardial disease caused by genetic mutations that has the impor-

tant pathophysiological characteristics of marked myocardial hyper-

trophy (>15 mm) and dynamic left ventricular outflow tract (LVOT)

obstruction.1,2 Clinical manifestations include exertional dyspnea,

chest pain, syncope and even sudden cardiac death (SCD), which seri-

ously affect the life quality of patients.3 Several previous studies indi-

cated that alcohol septal ablation (ASA) was one of the effective

therapies for the relief of LVOT obstruction.4–6 Current guidelines

recommended ASA for highly symptomatic patients (NYHA class ≥III)

with HOCM.7 However, several data have demonstrated that mark-

edly increased LVOT gradient has an adverse influence on the progno-

sis of HOCM patients irrespective of severity of clinical symptoms.8 In

mildly symptomatic (NYHA class II) or asymptomatic patients with

HOCM, this observed survival was slightly lower than expected sur-

vival of an age- and sex-matched U.S. general population, and remark-

ably increased LVOT gradient was associated with a high risk of

developing heart failure and death.8 Medical therapy is recommended

as first-line treatment to improve symptoms in mildly symptomatic

patients with HOCM, while invasive therapy is also considered in

some centers.7 Nevertheless, there was no definite evidence of the

outcome of ASA in mildly symptomatic patients. Therefore, the pur-

pose of this study was mainly to evaluate the efficacy of ASA com-

pared with medical therapy in mildly symptomatic patients with

HOCM, so as to provide an evidence for clinical practice.

2 | METHODS

2.1 | Patient selection

This retrospective study included 163 mildly symptomatic patients

with HOCM evaluated in the Department of Cardiology of Beijing

Anzhen Hospital affiliated to Capital Medical University between

March 2001 and August 2019, consisting of the medical group

(n = 105) and the ASA group (n = 58). All patients gave informed con-

sent before enrollment. This study was approved by the Medicine

Ethics Committee of Beijing Anzhen Hospital and conformed to the

Declaration of Helsinki. This study was registered in the Chinese Clini-

cal Trial Registry (No. ChiCTR2000041464).

The established diagnosis of HOCM was made by experienced

cardiologists engaged in this disease, based on clinical, electrocardio-

graphic, echocardiographic, and/or cardiac magnetic resonance imag-

ing features, with septal hypertrophy (septal thickness ≥ 15 mm)

unexplained of abnormal loading conditions.4,6,8–10 Obstruction was

defined as the LVOT gradient ≥30 mmHg at rest or after provoca-

tion.2 Comorbidities of participants included hypertension, coronary

artery disease, diabetes, chronic kidney disease and stroke. Medical

group included mildly symptomatic patients who obtained sufficient

symptom relief after medication (e.g., β-blockers and verapamil).

Mildly symptomatic patients met the inclusion criteria for ASA,

including: (1) Intolerant to optimal medical therapy; (2) Had a strong

wish for symptomatic relief; (3) LVOT gradient≥50 mmHg at rest or

after provocation. Consecutive patients with the following criteria

were excluded: (1) The refusal of patients; (2) Presence of severe com-

orbidities; (3) Presence of need for concomitant surgical procedure

(e.g., coronary artery bypass grafting); (4) Septal thickness ≥ 30 mm or

in the absence of appropriate coronary anatomy; (5) Presence of com-

plete left bundle branch block; (6) The high risk of SCD, such as: family

history of premature SCD, nonsustained ventricular tachycardia and

documented exertional syncope. All patients were informed about the

experience and potential risk of ASA at the institutional site and sub-

sequently in agreement with the procedure, which was performed by

interventional experts experienced in this disease. Details of the ASA

technique have been described in several previous reports.4,11,12

2.2 | Data collection and follow-up

Follow-up in the medical group was from the time registered in Beijing

Anzhen Hospital to the last clinical check-up. Follow-up of the ASA

group started at the time of procedure. Most patients had a routine

clinical examination 3 months after ASA and then once every year.

Check-up of a large proportion of patients was conducted in outpa-

tient clinic visit including the following programs: symptoms, the

occurrence of clinical events, ECG, and echocardiographic parameters,

while others by means of telephone contact and online communica-

tion regarding clinical data offered by local institutional sites. For

patients who died outside hospitals, communication with next of kin

was implemented to ascertain the cause of death.

2.3 | Definitions and study endpoints

The primary endpoints were all-cause mortality and HCM-related death.

In addition, the implementation of this current study in mildly symptom-

atic patients with HOCM was also to determine: (1) Differences in symp-

tomatic improvement and the occurrence of new-onset atrial fibrillation

(AF) between two groups; (2) Predictors of all-cause mortality. The causes

of HCM-related death consisted of SCD, congestive heart failure and AF-

related stroke. Periprocedural death occurring within 30 days after ASA

was also considered as HCM-related death. SCD was defined as instanta-

neous and unexpected death within 1 h after witnessing collapse in

patients who were in a previously stable clinical condition, or nocturnal

death with no antecedent history of worsening symptoms. Congestive

heart failure was defined as death that occurred cardiac decompensation

stage along with disease developing, and may be accompanied by pulmo-

nary edema or cardiogenic shock.

2.4 | Statistical analysis

Statistical analysis was conducted with SPSS 25.0 (IBM, Armonk, NY)

and GraphPad (release 8.2.0; GraphPad Software Inc, La Jolla, CA).
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Normally distributed continuous variables were expressed as mean

± SD. The independent Student's t test was used for the comparison

between two groups, while paired Student's t test was used within

the same group. Non-normally distributed continuous data were

expressed as median (interquartile range [IQR]). The Chi square test

was used to analyze categorical variables summarized as numerals

(percentages). Survival analysis was performed by Kaplan–Meier

method and subsequently survival difference between two groups

was compared using the Log-rank test. The prognostic predictors of

clinical events were determined by Cox regression model. First in a

univariable model, potential variables having an influence on the end-

point were evaluated, including: age; sex; ASA; AF at the last check-

up and some echocardiographic parameters. Second, variables with a

p < 0.10 were entered into a backward stepwise multivariable analy-

sis. Moreover, probabilitySCD at 5 years was also added to Cox regres-

sion model, and the HCM Risk-SCD formula was introduced in the

2014 ESC guidelines. All tests were two sided, and a p value of <0.05

was considered statistically significant.

3 | RESULTS

3.1 | Baseline characteristics

Baseline clinical and echocardiographic characteristics of the study

population are shown in Table 1. A total of 163 patients participated

in this study, including 105 patients treated with medical therapy and

58 undergoing ASA. Volume of injected alcohol during ASA was 1.9

± 0.9 ml. Patients in the ASA group were younger (48.2 ± 11.9 years)

than those in the medical group (55.4 ± 14.7 years, p = .002). Left

atrium diameter of patients in the ASA group was larger than in the

medical group (41.8 ± 5.1 vs. 39.4 ± 6.1 mm, p = .013). LVOT gradient

TABLE 1 Characteristics of 163

mildly symptomatic patients with
hypertrophic obstructive cardiomyopathy
(HOCM) at baseline and last clinical
check-up

Medical therapy (n = 105) ASA (n = 58) p value

Age (years) 55.4 ± 14.7 48.2 ± 11.9 .002

Female (n, %) 45(42.9) 19(32.8) 0.206

BMI (kg/m2) 25.8 ± 3.8 26.7 ± 3.9 0.140

SBP (mmHg) 123.8 ± 16.1 127.5 ± 15.8 0.159

DBP (mmHg) 74.3 ± 10.3 77.2 ± 8.9 .072

Comorbidity (n, %) 58(55.2) 25(43.1) 0.138

Atrial fibrillation (n, %) 7(6.7) 7(12.1) 0.375

NYHA class 2.0 2.0

Left atrium diameter (mm) 39.4 ± 6.1 41.8 ± 5.1 .013

LV end-diastolic diameter (mm) 42.9 ± 5.0 44.0 ± 5.1 0.206

LV ejection fraction (%) 69.5 ± 7.4 68.2 ± 6.1 0.250

Septal thickness (mm) 20.3 ± 5.1 20.3 ± 4.1 0.924

Resting LVOT gradient (mmHg) 66.8 ± 34.7 73.5 ± 41.4 0.273

Medications

Beta-receptor antagonist (n, %) 83(79.0) 44(75.9) 0.639

Calcium-channel blocker (n, %) 38(36.2) 16(27.6) 0.264

Follow up

NYHA class 2.1 ± 0.5 1.4 ± 0.6a .000

NYHA class I (n, %) 8(7.6) 38(65.5) .000

NYHA class III/IV (n, %) 14(13.3) 3(5.4) 0.113

New-onset atrial fibrillation (%) 20/98(20.4) 4/51(7.8) .048

Left atrium diameter (mm) 43.1 ± 6.9a 40.9 ± 5.0 .033

LV end-diastolic diameter (mm) 43.8 ± 4.9 45.5 ± 5.1 .042

LV ejection fraction (%) 66.3 ± 7.2a 64.0 ± 7.6b .061

Septal thickness (mm) 19.8 ± 4.5 16.2 ± 3.5a .000

Resting LVOT gradient (mmHg) 56.3 ± 27.4a 26.1 ± 19.1a .000

Reduction in LVOT gradient (%) 28.8 ± 18.5 66.1 ± 19.3 .000

Abbreviations: ASA, alcohol septal ablation; BMI, body mass index; DBP, diastolic blood pressure; LV, left

ventricular; LVOT, left ventricular outflow tract; NYHA, New York Heart Association; SBP, systolic blood

pressure.
ap < .001 compared with the baseline characteristics.
bp < 0.01.
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at rest of patients in the ASA group was 73.5 ± 41.4 mmHg, similar to

that of patients in the medical group (66.8 ± 34.7 mmHg, p = 0.273).

3.2 | Survival analysis

During the median follow-up of 6.0 years (IQR: 3.0–8.0 years, maxi-

mum: 18.0 years), two (1.2%) patients were lost to long-term follow-

up. There were 14 deaths in patient cohort, including 11 deaths in the

medical group and three in the ASA group, which translates into mor-

tality rate of 0.9% per year and 0.4% per year, respectively. The classi-

fication of clinical endpoints is summarized in Table 2. Survival free of

all-cause mortality at 5 and 10 years of the ASA group was 98.3%

(95%CI:88.4%–99.8%) and 95.1% (95%CI:81.0%–98.8%), respectively.

This survival was comparable to that of the medical group, whose 5-

and 10-year survival rates were 93.0% (95%CI:84.9%–96.8%) and

83.1% (95%CI:69.5%–91.0%), respectively(p = 0.374) (Figure 1). The

5- and 10-year survival free of HCM-related death for two groups

was 98.3% (95%CI:88.4%–99.8%) and 95.1% (95%CI:81.0%–98.8%)

versus 94.3% (95%CI:86.7%–97.6%) and 86.2% (95%CI:72.7%–

93.3%), respectively (p = 0.608) (Figure 2). SCD accounted for larger

percentage (7/12, 58.3%) of HCM-related death in this study. Three

(5.1%) patients died of HCM-related death in the ASA group, including

1(1.7%) attributable to congestive heart failure during the peri-

procedural period and 2(3.4%) due to SCD in the long-term follow-up.

Cox multivariate regression analysis showed that resting LVOT gradi-

ent at the last clinical check-up was an independent predictor of all-

cause mortality (HR =1.021, 95%CI 1.002–1.040, p = .027) (Table 3).

3.3 | Clinical outcomes

Clinical and echocardiographic characteristics of the last check-up are

depicted in Table 1. ASA had reduced resting LVOT gradient from

73.5 ± 41.4 to 26.1 ± 19.1 mmHg (p < .001), which equates to a mean

reduction of 66.1%. Septal thickness in the ASA group was reduced

from 20.3 ± 4.1 to 16.2 ± 3.5 mm (p < .001). Moreover, the NYHA

class was also remarkably improved (post-ASA: 1.4 ± 0.6, p<.001), and

38(65.5%) patients were in NYHA class I. Meanwhile, obstruction was

reduced from 66.8 ± 34.7 to 56.3 ± 27.4 mmHg (p < .001) in the

medical group, which translates into a mean reduction of 28.8%.

Patients of the medical group had left atrium diameter increasing from

39.4 ± 6.1 to 43.1 ± 6.9 mm (p < .001). When it refers to the NYHA

class in the medical group, there was no statistical difference after

medication (p = 0.202). Compared to medical therapy, ASA had

advantages on the improvement of NYHA class (1.4 ± 0.6 vs. 2.1

± 0.5, p = .000) and the reduction of LVOT gradient (66.1 ± 19.3%

vs. 28.8 ± 18.5%, p = .000) at the last check-up. By means of follow-

ing up, left atrium diameter of patients in the medical group was larger

than after ASA (43.1 ± 6.9 vs. 40.9 ± 5.0 mm, p = .033), with higher

occurrence of new-onset AF (20.4% vs. 7.8%, p = .048).

One (1.7%) patient was implanted an ICD for secondary preven-

tion according to current guidelines in periprocedural phase. During

the period of following up, 1(1.7%) patient underwent repeated ASA

due to inadequate symptomatic relief, while 1(1.7%) patient had a per-

manent pacemaker implanted attributable to complete atrioventricular

block 10 years after ASA. In the medical group, 2(1.9%) patients had a

permanent pacemaker implanted and no patients received an ICD

implantation.

4 | DISCUSSION

This study firstly reported the efficacy of ASA used for mildly symp-

tomatic patients with HOCM in China. Moreover, the efficacy

TABLE 2 The classification of clinical
endpoints during follow-up (n, %)

Events Medical therapy (n = 105) ASA (n = 58) p value

All-cause death 11 (10.5) 3 (5.1) 0.387

Periprocedural death 1 (1.7)

Cardiovascular death 9 (8.6) 3 (5.1) 0.630

Noncardiovascular death 2 (1.9) 0

HCM-related death 9 (8.6) 3 (5.1) 0.630

Periprocedural death 1 (1.7)

Sudden cardiac death 5 (4.8) 2 (3.4) 1.000

Congestive heart failure 1 (1.0) 1 (1.7) 1.000

AF-related stroke 3 (2.8) 0

F IGURE 1 Kaplan–Meier curves depicting survival free of all-
cause mortality between the alcohol septal ablation (ASA) and medical
groups
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comparison between ASA and medical groups was also revealed. The

principal findings of this study are as follows: (1) Survival free of all-

cause mortality and survival free of HCM-related death after ASA is

similar to that of patients treated with medical therapy. (2) Compared

to medical therapy, ASA has advantages on the improvement of

NYHA class and the mean reduction of LVOT gradient, with a lower

occurrence of new-onset AF. (3) All-cause mortality is independently

associated with resting LVOT gradient at the last clinical check-up.

Currently, ASA is predominantly recommended for highly symp-

tomatic patients with HOCM, achieving long-term benefits in several

previous studies.4,6,13 Scarce evidence supported the clinical applica-

tion of ASA procedure in asymptomatic or mildly symptomatic

patients. Recently, the result was reported based on Euro-ASA regis-

try that long-term survival after ASA in mildly symptomatic patients

with HOCM was similar to the expected survival of an age- and sex-

matched general population (p = 0.62) and patients treated with ASA

had LVOT gradient reduction and symptomatic relief with a low risk

of developing heart failure.14 However, the perspective that positive

implementation of invasive therapy in mildly symptomatic patients

with HOCM has not been clear and further related research is needed.

The results of the current study (mean age at ASA 48 years) demon-

strate that survival free of all-cause mortality is 98.3% at 5 years and

95.1% at 10 years after ASA, compared with the Euro-ASA registry

study14 (mean age at ASA 53 years) with survival rate of 94% and

87% at 5 and 10 years after ASA in mildly symptomatic patients with

HOCM, respectively, and their patients are older than those included

in the present study. Although overall survival of patients enrolled in

our study was not compared with the age- and sex-matched Chinese

general population, overall survival at 5 and 10 years after ASA was

higher than the survival reported by Sorajja et al.8 in 544 asymptom-

atic or mildly symptomatic patients with HOCM, who did not undergo

septal reduction therapy (98.3% and 95.1% vs. 85.8% and 69.3% at

5 and 10 years, respectively). Furthermore, survival rate at 5 and

10 years after ASA in the present study was also higher than the sur-

vival reported by Veselka et al.6 in highly symptomatic patients

treated with ASA(89.0% and 77.0% at 5 and 10 years after ASA,

respectively). These findings described above may suggest the signifi-

cance of timely ASA treatment for maximally improving long-term sur-

vival in mildly symptomatic patients with HOCM intolerant to medical

therapy. Different from other relevant studies, this study evaluated

the efficacy difference between ASA and medical therapy in mildly

symptomatic patients with HOCM. The results suggest that survival

free of all-cause mortality and survival free of HCM-related death

after ASA is comparable to that of patients in the medical group, while

ASA is in a favorable position on the improvement of NYHA class and

lower occurrence of new-onset AF.

AF is the most common sustained arrhythmia in HCM, with a

prevalence of 20–30%.1,15,16 The occurrence of AF as a turning point

F IGURE 2 Kaplan–Meier curves depicting survival free of HCM-
related death between the alcohol septal ablation (ASA) and medical
groups

TABLE 3 Predictors of all-cause mortality

Variable

Univariate Multivariate

HR (95%CI) p value HR (95%CI) p value

Age (years) 1.037(0.994–1.082) .096 1.034(0.990–1.081) 0.133

Female 1.625(0.542–4.870) 0.386

ASA 0.563(0.155–2.046) 0.383

Left atrium diameter (mm) 1.034(0.935–1.144) 0.514

LV end-diastolic diameter (mm) 0.951(0.856–1.057) 0.352

Septal thickness (mm) 1.004(0.879–1.147) 0.956

Resting LVOT gradient (mmHg) 1.009(0.996–1.023) 0.187

ProbabilitySCD at 5 years (%) 0.957(0.696–1.316) 0.787

Follow up

Atrial fibrillation 1.256(0.386–4.091) 0.705

Left atrium diameter (mm) 1.044(0.961–1.133) 0.309

LV end-diastolic diameter (mm) 0.903(0.803–1.014) .084 0.935(0.830–1.053) 0.266

Septal thickness (mm) 1.080(0.972–1.200) 0.154

Resting LVOT gradient (mmHg) 1.021(1.002–1.040) .027 1.021(1.002–1.040) .027
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in the course of HCM leads to the impairment of life quality and the

increased mortality.17 AF-related stroke is one of the main causes of

adverse prognosis in HCM patients.18 In our study, the incidence

of new-onset AF following ASA was significantly lower than that of

patients in the medical group(7.8% vs. 20.4%, p = .048). The reason

may be related to the impact of the two therapeutic methods on left

atrium diameter: patients after medical therapy had a significantly

increased left atrium diameter at the last check-up, while the left

atrium diameter of patients who underwent ASA was not statistically

significant. It was worth noting that patients treated with ASA had

larger left atrium diameter compared with patients of the medical

group at baseline (41.8 ± 5.1 vs. 39.4 ± 6.1 mm, p = .013). Conversely,

left atrium diameter of patients in the medical group was larger than

after ASA at the last clinical check-up (43.1 ± 6.9 vs. 40.9 ± 5.0 mm,

p = .033). Several previous studies also revealed that increased left

atrium diameter was independently associated with the occurrence of

AF.17,19 The possible reason why the left atrium diameter of patients

undergoing ASA was not statistically significant is that ASA had a

remarkable reduction of LVOT gradient compared to medical therapy

(a mean reduction of 66.1% vs. 28.8%, p = .000). Nevertheless,

whether ASA could reduce the incidence of new-onset AF needs to

be determined with a larger sample and longer follow-up time.

Evidence from the Euro-ASA registry indicated that LVOT gradi-

ent at the last check-up was one of independent predictors of all-

cause mortality in highly symptomatic patients treated with ASA.6

Similarly, Veselka et al.20 suggested that residual LVOT obstruction

(LVOT gradient≥30 mmHg) after ASA increased the risk of cardiovas-

cular mortality events in highly symptomatic patients with HOCM.

According to multivariable regression analysis in our study, resting

LVOT gradient at the last clinical check-up was also an independent

predictor of all-cause mortality in mildly symptomatic patients with

HOCM, and each mmHg increase in LVOT gradient at the last clinical

check-up was associated with a 2.1% increase in the long-term risk of

all-cause mortality. Therefore, the improvement of LVOT obstruction

should be paid attention to during the clinical practice, regardless of

the severity of symptom.

The safety of ASA procedure has been clarified in several stud-

ies.14,21,22 The rate of mortality and permanent pacemaker implanta-

tion during periprocedural period was 1.3% and 10.0%, respectively.22

In our current study, the rate of mortality (1.7%) during periprocedural

period was similarly low compared with the result of the Euro-ASA

registry.14 The possible reason why the incidence of permanent pace-

maker implantation was low is that volume of injected alcohol during

ASA was conservative (1.9 ± 0.9 ml). Likewise, injection of large vol-

umes of alcohol during ASA is not recommended, as it is associated

with a higher incidence of permanent pacemaker dependency.23 In

addition, scar formation after ASA is closely associated with fatal

arrhythmias, and the risk of SCD is a concern. In this study, there were

two patients who died of SCD in the ASA group, which was similar to

the medical group.

This study was a retrospective, nonrandomized and single-center

study with a small sample, and the results were limited. First, analysis

may be influenced by selection and referral bias because a part of

patients from referral cannot represent the general HOCM popula-

tion. Second, the efficacy and safety of ASA was cautiously extended,

since patients were treated in our center experienced in HCM man-

agement in China. Third, comorbidities (e.g., coronary artery disease)

were known to affect patient survival and may be more remarkable in

larger sample or longer follow-up time. This study did not evaluate the

impact of relevant aspects. Fourthly, the management of AF patients,

for example, indications for medical therapy including anticoagulation

have changed significantly during the inclusion period. In our study,

AF patients took a relatively small proportion and adhered to taking

warfarin as the anticoagulant therapy. Therefore, the anticoagulant

therapy considered as a confounding factor has little effect on the

prognosis. Finally, overall survival of patients enrolled in our current

study was not compared with expected survival of an age- and sex-

matched Chinese general population.

5 | CONCLUSION

This registry suggests that mildly symptomatic patients with HOCM

treated with ASA have comparable survival to that of medically

treated patients. Furthermore, ASA has advantages on the improve-

ment of NYHA class and the reduction of LVOT gradient, with a lower

occurrence of new-onset AF. Therefore, ASA could be considered as

an alternative therapy for mildly symptomatic patients with HOCM

intolerant to medication.
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