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Objective: To evaluate the safety and effectiveness of alcohol septal ablation (ASA) and

septal myectomy (SM) for the treatment of hypertrophic obstructive cardiomyopathy.

Methods: We searched the PubMed, MEDLINE, EMBASE, and CBM databases for

observational research articles related to ASA and SM published from the establishment

of the databases to November 2021. All ultimate selected articles were highly related

to our target. The Newcastle-Ottawa Scale was used to evaluate the literature quality.

A fixed or random effect model was performed in the meta-analysis depending on the

heterogeneity of the included studies. The Mantel-Haenszelt test with relative risk ratio

(RR) and 95% confidence interval (CI) was used to measure the effect indicator of binary

data, while the inverse variance method with weighted mean difference (WMD) and 95%

CI was used to measure the effect indicator of continuous data.

Results: A totally of 3,647 cases (1,555 cases treated with ASA and 2,092 cases treated

with SM) were included. The results of the systematic review indicated no statistically

significant difference in postoperative all-cause mortality (RR= 0.82; 95% CI: 0.65–1.04;

P = 0.10) between patients treated with ASA and SM, but both the reduction in the

postoperative left ventricular outflow tract pressure gradient (WMD = 9.35 mmHg, 95%

CI: 5.38–13.31, P < 0.00001) and the post-operative improvement on cardiac function,

assessed by the grade of New York Heart Association (NYHA), compared to pre-

operative measurements (WMD = 0.13; 95% CI: 0.00–0.26; P < 0.04) in the ASA group

were slightly inferior to those in the SM group. In addition, both the risk of pacemaker

implantation (RR = 2.83, 95% CI: 2.06–3.88; P < 0.00001) and the risk of reoperation

(RR = 11.23, 95% CI: 6.21–20.31; P < 0.00001) are recorded at a higher level after

ASA procedure.

Conclusion: Both ASA and SM have a high degree of safety, but the reduction in the

postoperative left ventricular outflow tract pressure gradient and the improvement on
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cardiac function are slightly inferior to SM. In addition, both the risk of pacemaker

implantation and the risk of reoperation are recorded at a higher level after ASA

procedure. The operative plan should be chosen through multidisciplinary discussions

in combination with the wishes of the patients and the actual clinical situation.

Keywords: hypertrophic obstructive cardiomyopathy, alcohol septal ablation, septal myectomy, meta-analysis,

systematic review

INTRODUCTION

Hypertrophic cardiomyopathy (HCM) is a heritable heart disease
defined as spontaneous genetic mutations probably, isolated,
and progressive myocardial hypertrophy. Gene mutations that
encode proteins of the cardiomyocytic contractile apparatus
(thick and thin myofilament contractile of the cardiac sarcomere)
are major causes of HCM. The disease has obvious clinical
heterogeneity, ranging from asymptomatic patients with a
positive genotype to patients with typical symptoms of angina
pectoris or heart failure and even to the extreme state with
sudden cardiac death as the first symptom. It is also the
main cause of sudden cardiac death in young people and
athletes, according to epidemiological investigations (1, 2). HCM
can be divided into two phenotypes, obstructive and non-
obstructive, based on the hemodynamic characteristics. Left
ventricular outflow tract obstruction is a specific risk factor for
sudden cardiac death. Septal reduction therapy is the main non-
pharmaceutical therapy for medically refractory hypertrophic
obstructive cardiomyopathy (i.e., symptomatic with a poor
drug treatment effect and a left ventricular outflow tract
pressure gradient ≥50mm Hg at rest or excitation) (3). Surgical
treatment with septal myectomy (SM), considered the “gold
standard” for the treatment of severe hypertrophic obstructive
cardiomyopathy, can reduce the left ventricular outflow tract
pressure gradient, release the degree of outflow tract obstruction,
and improve the cardiac function and prognosis (4). With the
continuous development of cardiac interventional technology
and the emergence of new therapeutic instruments, alcohol
septal ablation (ASA) has accumulated considerable supporting
clinical evidence because of it causes less trauma with a rapid
recovery, especially for elderly patients or patients with a variety
of chronic diseases (5).

However, a comparison of ASA and SM with respect to
the ability to reduce the left ventricular outflow tract pressure
gradient and improve cardiac function, the risk of perioperative
complications, short -and long-term postoperative mortality, and
other issues requires further analysis. Although Liebregts et al.
performed systematic retrospective analyses on the long-term
outcomes of SM and ASA in 2015 (6), however, their study
did not present direct comparisons of both strategies. Moreover,
the data range of the extant research is outdated, and many
newly published research data were not included in the analysis.
Therefore, this study aimed to present head-to-head comparisons

Abbreviations: HCM, Hypertrophic cardiomyopathy; ASA, Alcohol septal

ablation; SM, septal myectomy; RR, relative risk ratio; CI, confidence interval;

WMD, weighted mean difference; I2, I-square.

the efficiency and safety of ASA and SM by integrating the latest
data to provide insights for clinical treatment.

MATERIALS AND METHODS

Literature Retrieval Strategy
The authors collected data from the literature published until
November 2021 from several sources, namely, the China
Biomedical Literature (CBM), PubMed, MEDLINE, and
EMBASE databases. The keywords used were “hypertrophic
cardiomyopathy,” “alcohol septal ablation,” and “septal
myectomy.” We adopted a search strategy that combined
the medical subject headings and text words. Meanwhile,
other strategies, such as the manual retrieval of literature, were
employed to supplement potentially relevant literature.

The Criteria of Literature Inclusion and
Exclusion
The inclusion criteria were as follows: (1) Participants: Patients
with hypertrophic cardiomyopathy; (2) Study type: cohort
studies; (3) Intervention measures: alcohol septal ablation was
considered as the experimental group, while septal myectomy
was considered as the control group; and (4) Outcome indicators:
all-cause mortality (number of deaths / total number of patients
× 100%), reduction of postoperative left ventricular outflow tract
pressure gradient, improvement on cardiac function, and the risk
of permanent pacemaker implantation.

The exclusion criteria were as follows: (1) studies without
controls; (2) case studies or special case reports; (3) incomplete
or un-extractable data on outcome indicators; (4) reviews; and
(5) animal experiments.

Data Extraction and Literature Quality
Evaluation
Two authors (Zheng and Feng) used Microsoft Excel to extract
and organize the data of the included literature.

Data Extraction
We screened the literature in strict accordance with the inclusion
and exclusion criteria. Publications were preliminarily excluded
based on the title and abstract and then further screened based on
the full text. The information extracted mainly included: (1) title,
corresponding authors, and publication time; (2) methodological
quality evaluation elements; (3) the gender, age, sample size, time,
and specific intervention methods of patients in the treatment
and control groups; and (4) outcome indicators.
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FIGURE 1 | The flowchart of the study.
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Literature Quality Evaluation
The Newcastle-Ottawa Scale (7) was used to evaluate the
literature quality and contained three sections with eight
subsections: (1) Exposure: representativeness of the exposed
cohort, selection of the non-exposed cohort, ascertainment of
exposure, and the demonstration that the outcome of interest
was not present at the start of the study; (2) Comparability:
comparability of cohorts based on the design or analysis; and (3)
Outcome: an assessment of outcome, whether the follow-up was
long enough for outcomes to occur, and the adequacy of follow-
up of the cohorts. A star-rating system was adopted, and the total
possible score of a cohort study was 13.

Statistical Method
The authors employed ReviewManager 5.3 software to conduct
a systematic review analysis. The Mantel-Haenszelt test with
relative risk ratio (RR) and 95% confidence interval (CI) was used
to measure the effect indicator of binary data, while the inverse
variance method with weighted mean difference (WMD) and
95% CI was used to measure the effect indicator of continuous
data. A fixed or random effect model was performed in the meta-
analysis depending on the heterogeneity of the included studies.
The heterogeneity was determined by the P value obtained from
Cochran’s Q test and I2. For P value > 0.1 and I2 <50%, the
heterogeneity among the included studies was considered not
significant, and the fixed effect model was applied for further
analysis. Otherwise, the heterogeneity among the studies was
considered significant, and the publications were individually
eliminated (leave-one-out method) for a sensitivity analysis
and to compare the changes in heterogeneity before and after
elimination to determine the source of heterogeneity. When the
source of heterogeneity could not be determined or I2 was>50%,
a random effects model was used. In addition, the Egger test (8)
conducted by Stata 14 software and funnel chart were used to
evaluate the publication bias of the included articles.

RESULTS

Literature Retrieval and Quality Evaluation
As shown in Figure 1, 3,262 relevant studies were preliminarily
retrieved. Duplicate publications and irrelevant literature, based
on their titles and abstracts, were excluded. Finally, 20 studies
were included. Next, we evaluated the quality of the included
studies, which were all cohort studies. The blinding method was
not mentioned in the included studies. The 20 studies included
in the meta-analysis are shown in Table 1.

All-Cause Mortality in Patients With
Hypertrophic Cardiomyopathy
A total of 20 included articles provided statistics on the outcome
index of all-cause mortality in patients with hypertrophic
cardiomyopathy, including 3,647 total cases (ASA group, 1,555
cases; SM group, 2,092 cases). The meta-analysis used the
relative risk ratio (RR) as the effect indicator, and Cochran’s
Q test was conducted on the heterogeneity of all included
articles. The results of heterogeneity (Figure 2A, I2 = 43%, P =

0.03) indicated statistically significant heterogeneity among the

studies. The sensitivity analysis was conducted using the “leave-
one-out method”; this proved that the heterogeneity mainly
origin from Cavigli’s 2018 study. After excluding this study, the
I2 score decreased from 43 to 14% and the P value of Cochran’s
Q-test increased to 0.29. In this case, we employed the Mantel-
Haenszel test with a fixed effect model for the meta-analysis
and the results (Figure 2B, RR = 0.82; 95% CI: 0.65–1.04; P
= 0.10) indicate that although the all-cause mortality in the
ASA group (7.67%) was slightly higher than that in the SM
group (7.47%), the difference between the two groups was not
statistically significant (P > 0.05).

Reduction in Left Ventricular Outflow Tract
Pressure Gradient
Fourteen articles were included in the present study. Statistics
were performed on the outcome index of the left ventricular
outflow tract pressure gradient in patients with hypertrophic
cardiomyopathy, including 1,898 total cases (ASA group, 685
cases; SM group, 1,213). In the meta-analysis, WMD was used
as the effect indicator, and a Cochran’s Q-test was conducted on
the heterogeneity. The results of heterogeneity (Figure 3A, I2 =
94%, P< 0.00001) indicated statistically significant heterogeneity
among the studies. The sensitivity analysis was conducted using
the “leave-one-out” method and proved that the heterogeneity
mainly originated from studies by (12, 14, 16, 20, 23). After
excluding these studies, the I2 score decreased from 94 to 18%
and P value of Cochran’s Q-test increased to 0.28. Therefore,
the inverse variance method with the fixed effects model was
used for the analysis. The results of the meta-analysis illustrated
as Figure 3B (WMD = 9.35 mmHg, 95% CI: 5.38–13.31, P
< 0.00001), which indicated that the reduction in the left
ventricular outflow tract pressure gradient in the ASA group was
lower than that in the SM group, and the difference between the
two groups was statistically significant (P < 0.05).

Improvement on Cardiac Function
A total of six included articles were analyzed to evaluate the
improvement on cardiac function assessed by the grade of New
York Heart Association (NYHA) before and after operation,
including 472 total cases (ASA group with 170 cases; SM
group with 302 cases). The baseline information of the cardiac
function suggests no statistical difference exists between the
ASA group and the SM group (Figure 4A, P = 0.97). To
explore the improvement on the cardiac function after the
procedures, the meta-analysis used WMD as an effect indicator
and conducted a Cochran’s Q-test on the heterogeneity. The
results of heterogeneity (Figure 4B, I2 = 0%, P = 0.59) implied
no heterogeneity among the studies. Therefore, the inverse
variance method with a fixed effects model was used for further
analysis. The results of the meta-analysis showed that the effect
value (WMD= 0.13; 95%CI: 0.00–0.26; P= 0.04), indicating that
improvements on cardiac function in the ASA group was slightly
weaker than that in the SM group.
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TABLE 1 | The scores of the 20 studies included in the meta-analysis assess by Newcastle-Ottawa Scale.

References Representativeness

of the exposed

cohort

Selection of

the

non-exposed

cohort

Ascertainment

of exposure

Demonstration that

outcome of interest

was not present at

start of study

Comparability Assessment

of outcome

Was follow-up long

enough for

outcomes to occur

Adequacy

of follow up

of cohorts

Score

Afanasyev et al. (9) * * * * ** * * 8

Hoedemakers et al. (10) * * * * * * * * 8

Kimmelstiel et al. (11) * * * * ** * * 8

Nguyen et al. (12) * * * * ** * * 8

Cavigli et al. (13) * * * * ** * * * 9

Guo et al. (14) * * * * * * * 7

Yang et al. (15) * * * * * * 6

Sedehi et al. (16) * * * * ** * * * 9

Samardhi et al. (17) * * * * * * * * 8

Steggerda et al. (18) * * * * * * * 7

Vriesendorp et al. (19) * * * * ** * * * 9

Knyshov et al. (20) * * * * * * * * 8

Soraijja et al. (21) * * * * ** * * 8

Nagueh et al. (22) * * * * ** * * 8

Vural et al. (23) * * * * * * * * 8

Ralph-Edwards et al. (24) * * * * * * * * 8

Van der lee et al. (25) * * * * * * * * 8

Teng-yong et al. (26) * * * * * * * 7

Firoozi et al. (27) * * * * ** * * * 9

Xin et al. (28) * * * * * * 6

* means one point and ** means two points under the newcastle-ottawa scale.
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FIGURE 2 | (A) The forest map for the meta-analysis of all-cause mortality. M-H, Mantel-Haenszelt test; CI, confidence interval; Random, random effect model. (B)

The adjusted forest map for the meta-analysis of all-cause mortality. M-H, Mantel-Haenszelt test; CI, confidence interval; Fixed, fixed effect model.
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FIGURE 3 | (A) The forest map for the meta-analysis of the reduction in left ventricular outflow tract pressure gradient. IV, inverse variance; CI, confidence interval;

Random, random effect mod. (B) The adjusted forest map for the meta-analysis of the reduction in left ventricular outflow tract pressure gradient. IV, inverse variance;

CI, confidence interval; Fixed, fixed effect model.
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FIGURE 4 | (A) The forest map of baseline information in cardiac function of the included studies. IV, inverse variance; CI, confidence interval; Random, random effect

mod. (B) The forest map of improvement on cardiac function after the procedures. IV, inverse variance; CI, confidence interval; Fixed, fixed effect model.

Risk of Permanent Pacemaker
Implantation
We assessed 14 included articles for the outcome index of
pacemaker implantation rates in patients with hypertrophic
cardiomyopathy, including total 2,130 cases (ASA group,
884 cases; SM group, 1,246 cases). The meta-analysis used
RR as an effect indicator and conducted a Cochran’s Q-
test on heterogeneity. The heterogeneity results among the
effect indicators (Figure 5A, I2 = 52%, P = 0.01) suggested
that heterogeneity existed among the studies with statistical
significance. In contrast, the sensitivity analysis by “leave-one-
out” method indicated that I2 decreased from 52% to 29% and
P value of Cochran’s Q-test upgrade to 0.15 after excluding (22),
implying that heterogeneity was mainly derived from this study.
The fixed effect model with the Mantel-Haenszel method was
used for further analysis. The effect value (Figure 5B, RR= 2.83,
95% CI: 2.06–3.88; P < 0.00001) indicated that the pacemaker

implantation rate in the ASA group (11.86%) was significantly
higher than that in the SM group (4.32%), and the difference
between the two groups was statistically significant.

Risk of Reoperation After ASA and SM
Procedure
We identified 10 articles which assessed the risk of reoperation
after ASA and SM in patients with hypertrophic cardiomyopathy,
including a total of 2,340 cases (ASA group, 939 cases; SM
group, 1,401 cases). The meta-analysis used RR as an effect
indicator and conducted a Cochran’s Q-test on heterogeneity.
The heterogeneity results t indicators (Figure 6, I2 = 0%, P =

0.49) suggested that no heterogeneity existed among the studies.
The fixed effect model with the Mantel-Haenszel method was
used to assess the effect indicator. This resulted in RR = 11.23,
95% CI: 6.21–20.31; P < 0.00001, indicating that the risk of
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FIGURE 5 | (A) The forest map for the Meta analyses of risk for permanent pacemaker implantation. M-H, Mantel-Haenszelt test; CI, confidence interval; Random,

random effect model. (B) The adjust forest map for the Meta analyses of risk for permanent pacemaker implantation. M-H, Mantel-Haenszelt test; CI, confidence

interval; Fixed, fixed effect model.
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FIGURE 6 | The forest map for the Meta analyses of risk of reoperation. M-H, Mantel-Haenszelt test; CI, confidence interval; Fixed, fixed effect model.

reoperation in the ASA group (10.65%) was significantly higher
than that in the SM group (0.64%).

Publication Bias
The Egger test was used to explore the publication bias of
the included studies, and visualization was performed using
funnel plots. The included studies were evenly and symmetrically
distributed on both sides of the axis, under the cover of the
triangle in the funnel plots (Figure 7). The included studies were
evenly and symmetrically distributed on both sides of the axis,
under the cover of the triangle in the funnel plots. The combined
results of the funnel plots and Egger test (P> 0.05) suggested that
no publication bias existed.

DISCUSSION

SM therapy was first proposed by Morrow in 1961 (29) and
was improved by Messmer in 1994 (30). It has a definite
curative effect in clinical trials (31) and is considered the
gold-standard treatment for medically refractory hypertrophic
obstructive cardiomyopathy. However, rehabilitation after open-
heart surgery remains a big challenge for the elderly and patients
with chronic diseases. In 1995, Sigwart proposed a novel catheter-
based technique (32) in which 1–4ml absolute ethanol was
injected into the proximal septal branch of the left anterior
descending coronary artery to cause basal septal myocardial
infarction and reduce the myocardial contractility of the septum.
The ventricular septal myocardium subsequently became thinner
and scarred, resulting in the widening of the left ventricular
outflow tract, finally reducing or eliminating the left ventricular
outflow tract pressure gradient. Compared with SM, ASA has
the advantages of causing less trauma and a faster postoperative

recovery; however, the long-term clinical results and prognosis
remain to be further explored (33).

To explore the efficiency and perioperative risk of ventricular
ASA, we conducted a systematic retrospective analysis of
published clinical studies on SM and ASA. The results showed
that there was no significant difference in all-cause mortality
after ASA compared with that after surgical myectomy, which
confirmed that ASA also has a high degree of safety, especially
in experienced cardiac medical centers (34). Unfortunately,
the indicators of the left ventricular outflow pressure gradient
and improvement on cardiac function suggest that the relative
effectiveness of ASA is slightly inferior to that of SM. In fact,
not only did the size and distribution of septal vessels impact the
effect of ASA but the formation of collateral circulation may limit
the scope of myocardial infarction in the target area or aggravate
myocardial ischemia in other parts of the left ventricle, resulting
in a treatment effect that is hard to predict (35). Complete
atrioventricular block is a common perioperative complication of
ventricular ASA of the conduction system located in the posterior
ventricular septal region. The risk of permanent pacemaker
implantation in these patients is significantly higher than that in
the SM group. High alcohol use during surgery is an important
risk factor for a complete atrioventricular block (36).

The statistical results of clinical trials are a guide for
clinical decision-making, rather than a dogma. Different surgical
methods have specific target populations, are complementary
to each other, and cover as many patients as possible. Doctors
should fully explain the advantages and disadvantages of
different surgical methods to patients and make reasonable
decisions in combination with the wishes of patients and
specific clinical conditions. The progress of medicine lies in
continuous and reasonable innovations. The traditional view
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FIGURE 7 | The funnel plot for the included studies of differential outcome indicators. (A) shows the funnel plot for publication bias of all-cause mortality related

studies. (B) shows the funnel plot for publication bias of Reduction in left ventricular outflow tract pressure gradient. (C) shows the funnel plot for publication bias of

improvement on cardiac function. (D) shows the funnel plot for publication bias of risk of permanent pacemaker implantation. (E) shows the funnel plot for publication

bias of risk of reoperation.

is that ASA is an alternative method for elderly patients who
cannot tolerate the risks of surgery. At present, ASA has
also achieved good results in clinical trials of young people

aged 14–25 years, providing evidence for the expansion of its
indications (37). With the accumulation of surgical experience
and continuous improvement of surgical instruments, coupled
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with the expanding aging population, ventricular ASA may play
a greater role in the future.

Themain limitation of this study was that the included clinical
studies were observational. Since HCM is a relatively rare disease,
there are few patients who need septal reduction therapy, and
its study is not suitable for randomized trials (38). There was
some clinical heterogeneity in the included studies, which was
unavoidable due to the comparison across different countries
and populations.

CONCLUSION

This updated meta-analysis included a total sample size of
3,647 hypertrophic obstructive cardiomyopathy patients (1,555
treated with ASA and 2,092 treated with SM) and presented
head-to-head comparisons the efficiency and safety of ASA
and SM. The results illustrated that there was no significant
difference in all-cause mortality after ASA compared with
patients after SM, but reduction in left ventricular outflow tract
pressure gradient and the improvement on cardiac function
were slightly inferior to those in the SM group, and has a
higher risk of both pacemaker implantation and reoperation. The
decision of operation plan should be decided bymultidisciplinary
discussion in combination with the wishes of patients and the
actual situation.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

XZ and YF was responsible for data extraction. XZ contributed
in statistical analysis and original manuscript writing.
YF was responsible for visualization. BY, HH, and BL
were responsible for literature searching and preliminary
screening. JC gave insightful advice for the revision.
All authors contributed to the article and approved the
submitted version.

FUNDING

This study was funded by the Youth Scientific Research Program
of Guangdong Medical University (GDMUM2020024).

ACKNOWLEDGMENTS

We are grateful for Professor Jianying Chen for giving insightful
advice on the revised manuscript.

REFERENCES

1. Maron BJ, Rowin EJ, Maron MS. Hypertrophic cardiomyopathy:

new concepts and therapies. Annu Rev Med. (2022) 73:363–75.

doi: 10.1146/annurev-med-042220-021539

2. Maron BJ. Clinical course and management of hypertrophic cardiomyopathy.

N Engl J Med. (2018) 379:655–68. doi: 10.1056/NEJMra1710575

3. Ommen SR, Mital S, Burke MA, Day SM, Deswal A, Elliott P, et al.

2020 AHA/ACC guideline for the diagnosis and treatment of patients

with hypertrophic cardiomyopathy: a report of the American College

of Cardiology/American Heart Association Joint Committee on

Clinical Practice Guidelines. J Am Coll Cardiol. (2020) 76:e159-240.

doi: 10.1016/j.jacc.2020.08.045

4. Maron MS, Rastegar H, Dolan N, Carpino P, Koethe B, Maron BJ, et al.

Outcomes over follow-up≥ 10 years after surgical myectomy for symptomatic

obstructive hypertrophic cardiomyopathy. Am J Cardiol. (2021) 163:91-7.

doi: 10.1016/j.amjcard.2021.09.040

5. Savarimuthu S, Harky A. Alcohol septal ablation: a useful tool in our

arsenal against hypertrophic obstructive cardiomyopathy. J Card Surg. (2020)

35:2017–24. doi: 10.1111/jocs.14815

6. Liebregts M, Vriesendorp PA, Mahmoodi BK, Schinkel AF, Michels

M, ten Berg JM. A systematic review and meta-analysis of long-term

outcomes after septal reduction therapy in patients with hypertrophic

cardiomyopathy. JACC Heart Fail. (2015) 3:896–905. doi: 10.1016/j.jchf.2015.

06.011

7. Wells GA, Shea B, O’Connell D, Robertson J, Peterson J, Welch

V, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality

of nonrandomised studies in meta-analyses. (2000). Available online

at: http://www.evidencebasedpublichealth.de/download/Newcastle_Ottowa_

Scale_Pope_Bruce.pdf

8. Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis

detected by a simple, graphical test. BMJ. (1997) 315:629–34.

doi: 10.1136/bmj.315.7109.629

9. Afanasyev AV, Bogachev-Prokophiev AV, Kashtanov MG, Astapov DA,

Zalesov AS, Budagaev SA, et al. Myectomy versus alcohol septal ablation in

patients with hypertrophic obstructive cardiomyopathy. Interact Cardiovasc

Thorac Surg. (2020) 31:158–65. doi: 10.1093/icvts/ivaa075

10. Hoedemakers S, Vandenberk B, Liebregts M, Bringmans T, Vriesendorp P,

Willems R, et al. Long-term outcome of conservative and invasive treatment in

patients with hypertrophic obstructive cardiomyopathy. Acta Cardiol. (2019)

74:253–61. doi: 10.1080/00015385.2018.1491673

11. Kimmelstiel C, Zisa DC, Kuttab JS, Wells S, Udelson JE, Wessler

BS, et al. Guideline-based referral for septal reduction therapy

in obstructive hypertrophic cardiomyopathy is associated with

excellent clinical outcomes. Circ Cardiovasc Interv. (2019) 12:e007673.

doi: 10.1161/CIRCINTERVENTIONS.118.007673

12. Nguyen A, Schaff HV, Hang D, Nishimura RA, Geske JB, Dearani JA, et al.

Surgical myectomy versus alcohol septal ablation for obstructive hypertrophic

cardiomyopathy: a propensity score–matched cohort. J Thorac Cardiovasc

Surg. (2019) 157:306.e3-15. doi: 10.1016/j.jtcvs.2018.08.062

13. Cavigli L, Fumagalli C, Maurizi N, Rossi A, Arretini A, Targetti M, et al.

Timing of invasive septal reduction therapies and outcome of patients with

obstructive hypertrophic cardiomyopathy. Int J Cardiol. (2018) 273:155–61.

doi: 10.1016/j.ijcard.2018.09.004

14. Guo HC, Li JH, Jiang TY, Ren CW, Dai J, Zhou YJ, et al. Comparison

of clinical effects between percutaneous transluminal septal myocardial

ablation and modified morrow septal myectomy on patients with

hypertrophic cardiomyopathy. Chin Med J. (2018) 131:527–31.

doi: 10.4103/0366-6999.226075

15. Yang YJ, Fan CM, Yuan JQ,Wang SY, Song YH, Qiao SB, et al. Effectiveness of

alcohol septal ablation versus transaortic extended myectomy in hypertrophic

cardiomyopathy with midventricular obstruction. J Interv Cardiol. (2016)

29:619–27. doi: 10.1111/joic.12331

16. Sedehi D, Finocchiaro G, Tibayan Y, Chi J, Pavlovic A, Kim YM, et al.

Long-term outcomes of septal reduction for obstructive hypertrophic

cardiomyopathy. J Cardiol. (2015) 66:57–62. doi: 10.1016/j.jjcc.2014.

08.010

17. Samardhi H, Walters DL, Raffel C, Rateesh S, Harley C, Burstow D, et al.

The long-term outcomes of transcoronary ablation of septal hypertrophy

compared to surgical myectomy in patients with symptomatic hypertrophic

Frontiers in Cardiovascular Medicine | www.frontiersin.org 12 May 2022 | Volume 9 | Article 900469

https://doi.org/10.1146/annurev-med-042220-021539
https://doi.org/10.1056/NEJMra1710575
https://doi.org/10.1016/j.jacc.2020.08.045
https://doi.org/10.1016/j.amjcard.2021.09.040
https://doi.org/10.1111/jocs.14815
https://doi.org/10.1016/j.jchf.2015.06.011
http://www.evidencebasedpublichealth.de/download/Newcastle_Ottowa_Scale_Pope_Bruce.pdf
http://www.evidencebasedpublichealth.de/download/Newcastle_Ottowa_Scale_Pope_Bruce.pdf
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1093/icvts/ivaa075
https://doi.org/10.1080/00015385.2018.1491673
https://doi.org/10.1161/CIRCINTERVENTIONS.118.007673
https://doi.org/10.1016/j.jtcvs.2018.08.062
https://doi.org/10.1016/j.ijcard.2018.09.004
https://doi.org/10.4103/0366-6999.226075
https://doi.org/10.1111/joic.12331
https://doi.org/10.1016/j.jjcc.2014.08.010
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Zheng et al. Alcohol Septal Ablation or Septal Myectomy?

obstructive cardiomyopathy. Catheter Cardiovasc Interv. (2014) 83:270–7.

doi: 10.1002/ccd.25134

18. Steggerda RC, Damman K, Balt JC, Liebregts M. ten Berg JM, van

den Berg MP. Periprocedural complications and long-term outcome after

alcohol septal ablation versus surgical myectomy in hypertrophic obstructive

cardiomyopathy: a single-center experience. JACC Cardiovasc Interv. (2014)

7:1227–34. doi: 10.1016/j.jcin.2014.05.023

19. Vriesendorp PA, Liebregts M, Steggerda RC, Schinkel AF, Willems R, Ten

Cate FJ, et al. Long-term outcomes after medical and invasive treatment in

patients with hypertrophic cardiomyopathy. JACC Heart Fail. (2014) 2:630–6.

doi: 10.1016/j.jchf.2014.06.012

20. Knyshov G, Lazoryshynets V, Rudenko K, Kravchuk B, Beshlyaga V, Zalevsky

V, et al. Is surgery the gold standard in the treatment of obstructive

hypertrophic cardiomyopathy? Interact Cardiovasc Thorac Surg. (2013) 16:5–

9. doi: 10.1093/icvts/ivs352

21. Sorajja P, Ommen SR, Holmes DR Jr, Dearani JA, Rihal CS, Gersh

BJ, et al. Survival after alcohol septal ablation for obstructive

hypertrophic cardiomyopathy. Circulation. (2012) 126:2374–80.

doi: 10.1161/CIRCULATIONAHA.111.076257

22. Nagueh SF, Buergler JM, Quinones MA, Spencer WH, Lawrie GM. Outcome

of surgical myectomy after unsuccessful alcohol septal ablation for the

treatment of patients with hypertrophic obstructive cardiomyopathy. J Am

Coll Cardiol. (2007) 50:795–8. doi: 10.1016/j.jacc.2007.04.065

23. Vural A, Tiryakioglu O, Tuerk T, Ata Y, Ari H, Yalcinkaya S, et al. Treatment

modalities in hypertrophic obstructive cardiomyopathy: surgical myectomy

versus percutaneous septal ablation. Heart Surg Forum. (2007) 10:493–7.

doi: 10.1532/HSF98.20071136

24. Ralph-Edwards A, Woo A, McCrindle BW, Shapero JL, Schwartz L, Rakowski

H, et al. Hypertrophic obstructive cardiomyopathy: comparison of outcomes

after myectomy or alcohol ablation adjusted by propensity score. J Thoracic

Cardiovasc Surg. (2005) 129:351–8. doi: 10.1016/j.jtcvs.2004.08.047

25. van der Lee C, Ten Cate FJ, Geleijnse ML, Kofflard MJ, Pedone C,

van Herwerden LA, et al. Percutaneous versus surgical treatment

for patients with hypertrophic obstructive cardiomyopathy and

enlarged anterior mitral valve leaflets. Circulation. (2005) 112:482–8.

doi: 10.1161/CIRCULATIONAHA.104.508309

26. Teng-yong J, Xue-si W, Qiang L, Xu M, Chang-qi J, Yin Z. Transcoronary

ablation of septal hypertrophy compared with surgery in the treatment of

hypertrophic obstructive cardiomyopathy. Chin Med J. (2004) 117:138-40.

27. Firoozi S, Elliott P, Sharma S, Murday A, Brecker S, Hamid M, et al.

Septal myotomy–myectomy and transcoronary septal alcohol ablation

in hypertrophic obstructive cardiomyopathy A comparison of clinical,

haemodynamic and exercise outcomes. Eur Heart J. (2002) 23:1617–24.

doi: 10.1053/euhj.2002.3285

28. Xin J, Shiota T, Lever HM, Kapadia SR, Sitges M, Rubin DN, et al. Outcome

of patients with hypertrophic obstructive cardiomyopathy after percutaneous

transluminal septal myocardial ablation and septal myectomy surgery. J Am

Coll Cardiol. (2001) 38:1994–2000. doi: 10.1016/S0735-1097(01)01656-4

29. Morrow AG, Brockenbrough EC. Surgical treatment of idiopathic

hypertrophic subaortic stenosis: technic and hemodynamic

results of subaortic ventriculotomy. Ann Surg. (1961) 154:181.

doi: 10.1097/00000658-196108000-00003

30. Messmer BJ. Extended myectomy for hypertrophic obstructive

cardiomyopathy. Ann Thorac Surg. (1994) 58:575–7.

doi: 10.1016/0003-4975(94)92268-3

31. Schoendube FA, Klues HG, Reith S, Flachskampf FA, Hanrath P, Messmer BJ.

Long-term clinical and echocardiographic follow-up after surgical correction

of hypertrophic obstructive cardiomyopathy with extended myectomy and

reconstruction of the subvalvular mitral apparatus. Circulation. (1995)

92:122–7. doi: 10.1161/01.CIR.92.9.122

32. Sigwart U. Non-surgical myocardial reduction for hypertrophic

obstructive cardiomyopathy. Lancet. (1995) 346:211–4.

doi: 10.1016/S0140-6736(95)91267-3

33. Maekawa Y, Takamisawa I, Takano H, Takayama M. Percutaneous

transluminal septal myocardial ablation: past, present, and future. J Cardiol.

(2021). doi: 10.1016/j.jjcc.2021.11.023

34. Veselka J, Faber L, Jensen MK, Cooper R, Januska J, Krejci J, et al.

Effect of institutional experience on outcomes of alcohol septal ablation for

hypertrophic obstructive cardiomyopathy. Can J Cardiol. (2018) 34:16–22.

doi: 10.1016/j.cjca.2017.10.020

35. Spirito P, Rossi J, Maron BJ. Alcohol septal ablation: in which patients

and why? Ann Cardiothorac Surg. (2017) 6:369. doi: 10.21037/acs.2017.

05.09

36. Veselka J, JensenMK, LiebregtsM, Januska J, Krejci J, Bartel T, et al. Long-term

clinical outcome after alcohol septal ablation for obstructive hypertrophic

cardiomyopathy: results from the Euro-ASA registry. Eur Heart J. (2016)

37:1517–23. doi: 10.1093/eurheartj/ehv693

37. Lawin D, Lawrenz T, Radke K, Stellbrink C. Safety and efficacy

of alcohol septal ablation in adolescents and young adults with

hypertrophic obstructive cardiomyopathy. Clin Res Cardiol. (2021) 1-11.

doi: 10.1093/eurheartj/ehab724.1759

38. Olivotto I, Ommen SR, Maron MS, Cecchi F, Maron BJ. Surgical myectomy

versus alcohol septal ablation for obstructive hypertrophic cardiomyopathy:

will there ever be a randomized trial? J Am Coll Cardiol. (2007) 50:831–4.

doi: 10.1016/j.jacc.2007.05.018

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Zheng, Yang, Hui, Lu and Feng. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Cardiovascular Medicine | www.frontiersin.org 13 May 2022 | Volume 9 | Article 900469

https://doi.org/10.1002/ccd.25134
https://doi.org/10.1016/j.jcin.2014.05.023
https://doi.org/10.1016/j.jchf.2014.06.012
https://doi.org/10.1093/icvts/ivs352
https://doi.org/10.1161/CIRCULATIONAHA.111.076257
https://doi.org/10.1016/j.jacc.2007.04.065
https://doi.org/10.1532/HSF98.20071136
https://doi.org/10.1016/j.jtcvs.2004.08.047
https://doi.org/10.1161/CIRCULATIONAHA.104.508309
https://doi.org/10.1053/euhj.2002.3285
https://doi.org/10.1016/S0735-1097(01)01656-4
https://doi.org/10.1097/00000658-196108000-00003
https://doi.org/10.1016/0003-4975(94)92268-3
https://doi.org/10.1161/01.CIR.92.9.122
https://doi.org/10.1016/S0140-6736(95)91267-3
https://doi.org/10.1016/j.jjcc.2021.11.023
https://doi.org/10.1016/j.cjca.2017.10.020
https://doi.org/10.21037/acs.2017.05.09
https://doi.org/10.1093/eurheartj/ehv693
https://doi.org/10.1093/eurheartj/ehab724.1759
https://doi.org/10.1016/j.jacc.2007.05.018
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

	Alcohol Septal Ablation or Septal Myectomy? An Updated Systematic Review and Meta-Analysis of Septal Reduction Therapy for Hypertrophic Obstructive Cardiomyopathy
	Introduction
	Materials and Methods
	Literature Retrieval Strategy
	The Criteria of Literature Inclusion and Exclusion
	Data Extraction and Literature Quality Evaluation
	Data Extraction
	Literature Quality Evaluation

	Statistical Method

	Results
	Literature Retrieval and Quality Evaluation
	All-Cause Mortality in Patients With Hypertrophic Cardiomyopathy
	Reduction in Left Ventricular Outflow Tract Pressure Gradient
	Improvement on Cardiac Function
	Risk of Permanent Pacemaker Implantation
	Risk of Reoperation After ASA and SM Procedure
	Publication Bias

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	References


