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Background: Surgical myectomy (SM) and Alcohol septal ablation (ASA) are effective therapies

for patients with hypertrophic cardiomyopathy who remain symptomatic despite medical ther-

apy. A plethora of data has recently emerged on the long-term outcomes of these procedures.

We hence sought to perform an updated meta-analysis comparing both procedures.

Methods: Studies reporting long-term (>3-years) outcomes of SM and/or ASA were included.

The primary endpoint was all-cause mortality. Secondary endpoints included cardiovascular

mortality, sudden cardiac death (SCD), reintervention, and complications including death, pace-

maker implantation, and stroke.

Results: Twenty-two ASA cohorts (n = 4213; follow-up = 6.6-years) and 23 SM cohorts

(n = 4240; follow-up = 6.8-years) were included. Septal myectomy was associated with higher

periprocedural mortality and stroke (2% vs 1.2%, P = 0.009 and 1.5% vs 0.8% P = 0.013, respec-

tively), but ASA was associated with more need of pacemaker (10% vs 5%, P < 0.001). During

long-term follow-up, all-cause mortality, cardiovascular mortality, and sudden cardiac death

rates were 1.5%, 0.4%, and 0.3% per person-year in the ASA group and 1.1%, 0.5%, and 0.3%

per person-year in the SM group (P = 0.21, P = 0.53, P = 0.43), respectively. Repeat septal reduc-

tion intervention(s) were more common after ASA (11% vs 1.5%, P < 0.001).

Conclusion: Compared with SM, ASA is associated with lower periprocedural mortality and

stroke but higher rates of pacemaker implantations and reintervention. However, there was no

difference between ASA and SM with regards to long-term all-cause mortality, cardiovascular

mortality, or SCD.
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1 | INTRODUCTION

Septal reduction therapies have revolutionized the management of

hypertrophic obstructive cardiomyopathy (HOCM) in patients who

remain symptomatic despite optimal medical therapy.1,2 Septal myect-

omy (SM) is still considered as the first line septal reduction method in

patients who are deemed appropriate surgical candidates and when

surgical expertise is available.3 However, alcohol septal ablation, first

introduced by Sigwart et al. in 1995, has emerged as a feasible

alternative to SM with safety and efficacy demonstrated in multiple

studies.1,4 Nonetheless, concerns arose about the long-term outcomes

of ASA due to the potential of increased propensity to life-threatening

arrhythmia induced by the ablation scar.5,6 Although early data with

ASA were reassuring, debates on the optimal choice of septal reduc-

tion methods continues, especially in light of the lack of randomized

trials providing head-to-head comparison between ASA and SM.7 A

previous meta-analysis by Liebregts et al. including 24 observational

studies demonstrated similar long-term mortality rates following SM
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vs ASA.8 However, a large number of studies reporting long-term out-

comes of SM and ASA have since been published. We sought to

perform a comprehensive systematic review and an updated meta-

analysis comparing transcatheter and surgical septal reduction

techniques in patients with HOCM.

2 | METHODS

We conducted a literature search of PubMed, Embase, and Cochrane

library from inception through May 5, 2018. Our search strategy is

presented in Table S1, Supporting Information. We utilized the

“related articles” function in PubMed to find relevant articles, which

were missed by the initial search. In addition, reference lists of

included studies were hand searched to further locate relevant articles

that were missed by keyword searches and the “related articles” func-

tion. Our search and meta-analysis was conducted and reported

according to Preferred Reporting Items for Systematic Reviews and

Meta-Analyses Protocols (PRISMA-P) Statement 2015.9

Titles and abstracts of studies retrieved by the initial search were

screened by two authors (MO and BK). Consequently, the full texts of

the potentially relevant articles were reviewed to determine if the study

fulfill the inclusions criteria. The initial database search retrieved 3203

articles. After excluding duplicates, 2550 articles were screened for eligi-

bility by reading the title and abstract of the study. A total of 174 studies

were screened using the predetermined inclusions criteria to assess eli-

gibility. We only included studies that reported ≥3 years of follow-up

for the primary endpoint. In case of multiple publications from the same

cohort, we only included the most recently published studies. In the

study of Collis et al. only surgical myectomy group was included as the

other groups had different surgical interventions (Mitral valve replace-

ment and repair).10 In the study by Lai et al. we only included the modi-

fied Morrow group as the other group reported outcomes for less than

3 years duration.11 In the study of Sorajja et al. we only included the

ASA cohort as the SM cohort was part of the study by Ommen

et al. during the same period.29,42 Quality of the included studies was

assessed by two different authors (KO and HA) using the Modified

Newcastle-Ottawa Scale (MNOS) Table S1. Details of the study selec-

tion process are reported following the PRISMA guidelines in Figure 1.

The primary outcome of interest was long-term all-cause mortal-

ity, secondary outcomes included long-term sudden cardiac death

(SCD) (defined as mortality which was classified as SCD by the

included studies and excluding resuscitated SCD and defibrillator

shocks), long-term cardiovascular death (death due to heart failure),

reintervention (need for repeat SM or ASA), periprocedural mortality

(defined as mortality within the first 30 days of the procedure), com-

plete heart block requiring pacemaker implantation and periprocedural

complications (stroke, cardiac tamponade, ventricular septal defects,

and coronary artery dissections) .

Effect estimates were extracted from each study in the form of

events in dichotomous data and mean or medians for continuous data.

These were directly extracted from the article or calculated indirectly

based on the available data presented in the text of the article. The

effect measures were pooled together using the random effect model.

Heterogeneity between studies was explored by Cochran Q statistic

(P < 0.05) and I-squared (I2) statistic. All statistical tests were two-

sided and P values <0.05 were considered statistically significant. Fun-

nel plots were examined for publication bias (Figure S1) and potential

sources of heterogeneity were investigated using meta-regression.

We also conducted subgroup analysis in which we only included com-

parative studies (studies which reported data for alcohol septal abla-

tion and surgical myectomy) and excluded single-arm studies. All

statistical analyses were conducted with Comprehensive Meta-

analysis software professional version 3.3.070.

3 | RESULTS

A total of 40 studies including 22 ASA studies4,12–32 and 23 SM

cohorts10,11,18,25,30,32–49 were included. The ASA cohort contained

4213 patients with a mean follow-up of 6.6 � 2.8 years. The myect-

omy cohort included 4240 patients with a mean follow-up of

6.8 � 2.6 years. Patients in the ASA group were older than SM group

with a mean age of 54 � 6 years in the ASA group compared to

45 � 9 years in the SM group (P < 0.001). Detailed study-level charac-

teristics are shown in Table S1.

Periprocedural death occurred in 44 patients (1.2%, 95%CI 0.9%-

1.6%) in the ASA group and 76 patients (2%, 95%CI 1.4%-3.1%) in the

SM group (P = 0.009). Periprocedural rates of stroke and cardiac tam-

ponade were higher after SM than after ASA; (1.5%, 95%CI 1%-2.3%

vs 0.8%, 95%CI 0.5%-1.3%, P = 0.013), and (1.8%, 95%CI 0.8%-3.6%

vs 1.3%, 95%CI 0.9%-1.7%, P = 0.14), respectively. Permanent pace-

maker implantation secondary to complete heart block was required

in 409 (10%) patients in the ASA group compared to 180 (5%) patients

in the SM group P < 0.001. There were a few reported events of ven-

tricular septal defects and coronary arteries dissection, hence no com-

parative analysis of these events was performed.

Long-term all-cause mortality was reported by all the included

studies. There was a total of 450 deaths in the ASA group compared

to 350 deaths in the myectomy group during the follow-up period.

Pooled all-cause mortality rate was 1.5% per person-year in the ASA

group and 1.1% per person-year in the SM group (P = 0.10). (Figure 2).

Severe heterogeneity was present for all-cause mortality in the ASA

group (I2 = 76%; P < 0.001) and SM group (I2 = 86%; P < 0.001).

Meta-regression revealed that age, duration of follow-up and differ-

ence in study quality played an important role in the heterogeneity. In

the ASA group studies with older cohort, shorter duration of follow-

up and higher quality as reported by higher MNOS score reported

higher rate of all-cause mortality (R2 = 0.63, I2-residual = 50%, P for

heterogeneity = 0.07). (Figures S2, S3, and S4). In the SM group,

higher all-cause mortality rates were reported by earlier publications.

(R2 = 0.16, I2-residual = 83%, P for heterogeneity <0.001). (Figure S5).

Cardiovascular mortality data were available from 21 studies in

the ASA and 21 studies in the SM group. There was a total of 88 car-

diovascular deaths in the ASA group compared to 179 cardiovascular

deaths in the SM group. Pooled cardiovascular mortality rate was

0.4% per person-year in the ASA cohort and 0.5% per person-year in

the SM group (P = 0.53). (Figure 3). Mild heterogeneity was detected

in the ASA cohort (I2 = 32%, P = 0.08) but severe heterogeneity was

observed in the SM group (I2 = 85%, P < 0.001). In a meta-regression
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analysis, there was no interaction between any of the study covariates

and cardiovascular mortality heterogeneity in the ASA group. In the

SM cohort, studies published earlier reported higher rate of mortality

than recent studies (R2 = 0.33, I2-residual = 78%, P for heterogene-

ity<0.001). (Figure S6).

Sudden cardiac death data was available in 17 studies in the ASA

cohort and 19 studies in the SM cohort. There was a total of 48 events

in the ASA compared to 84 events in the SM group. The pooled SCD

rate was similar at 0.3% for the ASA group and the SM group. (Figure 4)

Mild heterogeneity was detected in the ASA cohort (I2 = 26%, P = 0.13)

and severe heterogeneity in the SM group (I2 = 65%, P < 0.001). In

meta-regression analysis for the ASA cohort, there was a tendency for

higher SCD rate in studies with shorter duration of follow-up and higher

alcohol volume injected during ablation (R2 = 0.82, I2-residual = 7%,

P for heterogeneity = 0.3). (Figure S7 and S8). In the SM cohort, studies

published earlier reported higher rate of SCD than recent studies

(R2 = 0.39, I2-residual = 47%, P for heterogeneity = 0.01). (Figure S9).

The need for repeat septal reduction interventions (ASA or SM)

was higher in the ASA group with 398 patients requiring reinterven-

tions (11.6%) compared to only 51 patients in the SM group (1.5%)

(P < 0.001). (Figure S10).

In the subgroup analysis involving only comparative studies, there

was no significant difference between the two groups in term of all-

cause mortality, cardiovascular mortality or sudden cardiac death rates

(risk difference = 0.0%, 95%, CI = −0.8-0.8, I2 = 17%, P = 0.3) (risk differ-

ence = −0.2%, 95% CI = −1-0.7, I2 = 41%, P = 0.17), (risk difference =

0.1%, 95% CI = −0.2-0.3, I2 = 0%, P = 0.7), respectively. (Figure S11).

4 | DISCUSSION

The management of HOCM patients who remain symptomatic despite

medical treatments continues to be challenging for providers. Surgical

myectomy has been the gold standard septal reduction therapy

because of its safety and effectiveness in patients who are deemed

suitable for surgery.3 However, the excellent data of SM come from

center of excellence with experienced surgeons and high surgical vol-

ume limiting their generalizability.21,49,50 In a nationwide survey of SM

and ASA, a clear relationship was observed between annual SM vol-

ume and outcomes with patients in the lowest tertile (SM volume) hos-

pitals experiencing significantly higher mortality after SM (adjusted

odds ratio, 3.11; 95% CI, 1.98-4.89).51 Alcohol septal ablation has faced

heightened scrutiny despite the promising early reports on its mid- and

long-term outcomes4,52 because of the feared effects of the septal scar

in young patients and the higher likelihood of needing a permanent

pacemaker. Nonetheless, there is now growing long-term evidence of

the safety and efficacy of ASA even in younger patients53 This is

coupled with an increasing volume of ASA procedures performed

worldwide. Indeed, it is estimated that the number of ASA procedures

performed in the last 10 years outnumbered the sum of all SM proce-

dures done in the last 50 years.3 In addition, there are now emerging

data on the optimal ASA techniques and their associated learning curve

confirming the increasing interest in this procedure.4,54–56

One meta-analysis comparing long-term outcomes of SM and ASA

(24 studies including 4804 patients) has previously been published.8 In

this analysis, Liebregts et al. found similar long-term rates of mortality

and SCD in patients undergoing SM or ASA. However, a large number

of studies have been reported since, and hence our updated meta-

analysis aims to assess the long-term safety and efficacy of ASA in light

of these emerging data. Our meta-analysis included 40 observational

studies that reported long-term outcomes of 8453 patients undergoing

SM or ASA. The findings of our analysis confirm the long-term safety

of ASA as an alternative to SM. Although SM resulted in more durable

results evident by the lower need for reintervention, it was associated

with significantly higher periprocedural mortality, stroke and cardiac

tamponade compared with ASA. Nonetheless, long-term outcomes (all-

FIGURE 1 The preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram
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cause mortality, cardiovascular mortality, and SCD) were comparable

between the two groups suggesting that ASA remains a viable option

for symptomatic HOCM patients.

4.1 | Limitations

This analysis has number of limitations that needs to be mentioned.

First, there is no randomized clinical trial comparing ASA vs

SM. Hence, all studies included in our meta-analysis are observational

and are therefore subject to the known limitations of observational

studies. Second, there was significant heterogeneity between the

included studies, likely because of the differences in patient's risk pro-

file and treatment preferences. Patients in the ASA were older and

had higher prevalence of morbid conditions. Nonetheless, our findings

of lower perioperative morbidity and mortality after ASA, and compa-

rable long-term outcomes after ASA or SM despite the higher risk pro-

file of patients in the ASA arm supports our main findings that ASA

has an important role in the treatment of symptomatic HOCM

patients. Third, there was a paucity of studies reporting the status of

patient's symptoms and functional status. Hence, we used the rate of

reintervention as a surrogate for clinical efficacy. However, the deci-

sion to reintervene might be subject to other factors that are not

FIGURE 2 Forest plot for pooled all-cause mortality rate per person-year in A, ASA and B, SM. ASA, alcohol septal ablation; SM, surgical myectomy

OSMAN ET AL. 193



captured by this analysis. Fourth, reporting bias is an important limita-

tion of this analysis, as it is likely that the current literature emerges

from centers performing a large number of either ASA or SM or those

with positive outcomes. Moreover, techniques of ASA and SM vary

significantly among centers and may have undergone refinements

overtime. This, along with the increasing experience might explain our

finding of improved surgical outcomes overtime. Fifth, most of the

SM studies were performed earlier than the ASA ones which may

explain the higher perioperative mortality compared to the ASA

group.

In conclusion, this updated meta-analysis including >9000

patients undergoing ASA or SM, ASA was associated with lower rates

of periprocedural mortality, stroke and cardiac tamponade but higher

rates of permanent pacemaker implantations and reintervention.

FIGURE 3 Forest plot for pooled cardiovascular mortality rate per person-year in A, ASA and B, SM. ASA, alcohol septal ablation; SM, surgical

myectomy
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However, there was no difference between ASA and SM with regards

to long-term all-cause mortality, cardiovascular mortality or SCD.

These data are supportive of ASA as feasible alternative to SM in

selected patients.
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