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Background: Septal myectomy (SM) has been the gold standard therapy for
most patients with hypertrophic obstructive cardiomyopathy (HOCM). Endocardial
radiofrequency ablation of septal hypertrophy (ERASH) is a novel treatment for septal
reduction. We aimed to assess the efficacy and safety between two treatment strategies.

Methods: We searched PubMed, Web of Science, Cochrane Library, and Embase
databases to identify relevant studies published up to March 2021. Random-effect
models were used to calculate standardized mean difference (SMD) and 95%
confidence intervals (Cls) for resting left ventricular outflow tract gradient (LVOTG) and
septal thickness.

Results: Twenty-five studies are included in this review, eighteen studies for SM and
seven studies for ERASH. During follow-up, there were significant reductions of the mean
resting LVOTG in adults (SM groups: SMD = —3.03, 95% CI [-3.62 to —2.44]; ERASH
groups: SMD = —1.95, 95% CI [-2.45 to —1.45]) and children (SM groups: SMD =
—2.67, 95% CI [-3.21 to —2.12]; ERASH groups: SMD= —2.37, 95% CI [-3.02 to
—1.73]) after the septal reduction therapies. For adults, SM groups contributed to more
obvious reduction than ERASH groups in interventricular septal thickness (SM groups:
SMD = —1.82, 95% CI [—-2.29 to —1.34]; ERASH groups: SMD = —0.43, 95% CI [-1.00
to 0.13]). The improvement of the New York Heart Association class was similar in the
two groups (SM groups: 46.4%; ERASH groups: 46.7%). The periprocedural mortality in
SM and ERASH were 1.1 and 1.8%, respectively.

Conclusions: This systematic review suggests that SM is superior to ERASH in the
treatment of HOCM. But for the patients who are at risk for open cardiac surgeries or
prefer a less invasive approach, ERASH might be an optional approach.

Keywords: endocardial radiofrequency ablation, septal myectomy, hypertrophic obstructive cardiomyopathy,
systematic review, meta-analysis
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Jiang et al. ERASH vs. SM in HOCM

FIGURE 2 | Forest plots for the primary outcomes in adults after septal myectomy or endocardial radiofrequency ablation. (A) Forest plot for the resting LVOTG. (B)
Forest plot for the interventricular septal thickness. LVOTG, left ventricular outflow tract gradient.
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FIGURE 3 | Forest plot for the resting LVOTG in children after septal myectomy or endocardial radiofrequency ablation. LVOTG, left ventricular outflow tract gradient.
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Heterogeneity

In adults, the heterogeneity for mean resting LVOTG and
interventricular septal thickness in SM groups was high (I =
97.5%, p = 0.000 for mean resting LVOTG; I> = 95.7%, p =
0.000 for interventricular septal thickness); the heterogeneity
test revealed that there was low heterogeneity for mean resting
LVOTG and interventricular septal thickness in ERASH groups
(I* = 0.0%, p = 0.949 for mean resting LVOTG; I = 44.9%,
p = 0.163 for interventricular septal thickness). In children,
heterogeneity of the analysis for mean resting LVOTG in SM
groups was moderate (I* = 74.3%, p = 0.004).

Publication Bias

We evaluated publication bias by the Funnel plot and Egger’s
test. Funnel plots for the resting LVOTG in adult-SM groups
(Figure 4A) and adult-ERASH groups (Figure 4B) were relative
symmetry, and publication bias was not found by the Egger’s
test (p = 0.052 for SM; p = 0.095 for ERASH). Funnel plots for
interventricular septal thickness in adult-SM groups (Figure 4C)
and adult-ERASH groups (Figure 4D) were also symmetry, and
publication bias was not found by the Egger’s test (p = 0.081 for
SM; p = 0.636 for ERASH). The publication bias for the resting
LVOTG in children-SM groups was not obvious (Figure 4E;
Egger’s test p = 0.546).

DISCUSSION

For patients whose symptoms cannot be relieved by optimal
medications, septal reduction is necessary. In experienced
centers, ERASH and SM result in a significant reduction of
the LVOTG as well as the amelioration of clinical symptoms
in patients.

Geographical Location

Based on the currently available publications, it seems that
ERASH is mainly being carried out in Germany and the UK
(30, 31, 36), and SM is now performed more frequently by
China centers (13, 14, 17, 26, 29). The surgical SM centers in
Europe are not as active as they used to be. Based on this
fact, the postoperative outcomes might not be well-represented
primarily from the small volume centers. The European centers
are instead performing alcohol septal ablation (ASA) in large
number populations (38).

Expertise

Septal myectomy requires unique skills that are not available
in most of the centers. To acquire such surgical expertise,
larger patient volume is needed to be executed (39). For over
two decades, radiofrequency ablation has been used for the
treatment of arrhythmias (40); hence, the tools and expertise
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FIGURE 4 | Funnel plots for publication bias. (A,B) Funnel plots for the resting LVOTG in adult-SM groups (A) and adult-ERASH groups (B). (C,D) Funnel plots for the
interventricular septal thickness in adult-SM groups (C) and adult-ERASH groups (D). (E) Funnel plot for the resting LVOTG in children-SM groups. ERASH,
endocardial radiofrequency ablation of septal hypertrophy; LVOTG, left ventricular outflow tract gradient; SM, septal myectomy; SMD, standardized mean difference.

are widely available. Also, the introduction of ASA in 1995 as a
septal reduction therapy makes non-surgical septal reduction an

attractive alternative for HOCM (41).

Hospital Length of Stay

Endocardial radiofrequency ablation of septal hypertrophy is
associated with the shorter hospital stay (<2 days) than
SM (7.7 £ 7.7 days), and the possible causes are the
healing of the chest wound as well as the intrathoracic

cannula. In addition, the patients undergoing SM needed
to stay in the ICU (2.0 £+ 2.3 days) due to SM involving

sternotomy and the use of cardiopulmonary bypass (13, 14,
16, 24, 26, 27). A shorter hospital stay for ERASH may
reduce the hospital costs. Perioperative care is critical for

postoperative rehabilitation of patients (42). Compared to
ERASH, the minimally invasive operation, SM requires more
specialized postoperative care, which is easier to implement in
large hospitals.
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Clinical Outcomes

Although there was minimal septal thickness change in the
ERASH groups vs. SM groups (24.3 vs. 30.0%) in adults,
it also resulted in a compelling reduction of the LVOTG
(71.9%). LVOTG relief is more reliable and complete in patients
undergoing SM (89.2%). NYHA class improved from 3.0 at
baseline to 1.6 during follow-up period in ERASH groups, and
from 2.8 to 1.5 in SM groups. The improvement of NYHA
class was similar in the ERASH groups and SM groups (46.7
vs. 46.4%). Notably, the follow-up period was significantly
longer in SM groups compared to ERASH groups. Lawrenz
et al. (30) observed a sustained reduction of LVOTG and
improvement of 6-min walking distance over time within 6
months after ERASH. The study by Crossen et al. (32) also
showed that postoperative LVOTG gradually decreased within a
year after ERASH. Beneficial effects of ERASH procedure may
be more pronounced with longer follow-up period. However,
longer follow-up period may also increase the probability of
recurrence. Thus, the long-term effects of ERASH require
further research.

New pieces of evidence have shown that SM is associated
with good outcomes in specialized centers. They incur <1% of
complications such as early deaths, cerebrovascular accidents,
ventricular arrhythmias, valve injury, and VSDs (43). Early
mortality after SM procedure was higher for the patients in
small centers (1-3%) than the patients in specialized centers
(<1%) (14, 18, 21, 22, 24). There was no perioperative death
observed in five out of seven ERASH studies (30, 32-35),
which illustrated the safety of ERASH. Two studies reported
that two patients appeared acute pulmonary edema immediately
following ablation, which may be related to fluid overload
due to repeated irrigation during the procedure (31, 33).
The edema can be avoided by the use of diuretics, fewer
volumes of fluids for irrigation of the catheter tip, and
meticulous use of anticoagulation. One patient developed severe
retroperitoneal hemorrhage after procedure and ultimately died
due to mesenteric ischemia (31). Modi et al. (44) demonstrated
that post-procedural mortality ranged from 0.4 to 3.0%, which
were some associated with retroperitoneal hemorrhage in the
course of radiofrequency ablation for ischemic ventricular
tachycardia. Based on the likeness of the ablation techniques,
this could be the nearest representation of procedural risks
in ERASH.

Septal reduction is more complicated in children compared
to the adult populations. Due to the small nature of the aortic
annulus, the surgical operation can lead to valve injury or
incomplete myectomy (45). Current studies showed that SM
achieved better LVOTG relief but resulted in more perioperative
deaths and complications (27, 28, 36). So ERASH may be a better
alternative for children.

Septal myectomy and other concomitant procedures can
be performed simultaneously with a low likelihood of risks
and satisfactory results. Such procedures can be used in the
management of primary mitral valve disease, papillary muscle
abnormalities, aortic valve disease, and atrial arrhythmias
(43). ERASH does not allow for additional procedures to
be performed.

Septal myectomy requires open cardiac surgery, and the
risk factors include advanced age, the presence of multiple
comorbidities (e.g., chronic obstructive pulmonary disease,
diabetes mellitus, and hypertension). ERASH may be considered
in patients who are at risk for open cardiac surgeries and those
with advanced age.

An essential part of the treatment of hypertrophy
cardiomyopathy is to estimate the risk of sudden death and
the indication of implantable cardioverter defibrillator (ICD)
implantation according to the current guidelines (46). There are
no ERASH studies currently determining the rate of occurrence
and survival of sudden cardiac death (SCD). Vriesendorp et al.
(47) demonstrated the risk of SCD is lower in SM as compared
to medical therapy. Rigopoulos et al. (46) suggested that the risk
of SCD could be reduced after septal reduction therapies like SM
or ASA. LVOT obstruction is speculated to be one of the risk
factors for SCD.

A major drawback of ERASH is the requirement of pacemaker
implantation, and ERASH is more associated with complete
conduction blocks compared with SM (9.5 vs. 5.9%). But
with the application of three-dimensional mapping system
and intracardiac echocardiography, conduction blocks can be
largely attenuated by allowing accurate localization of mitral-
interventricular septal area (31). If larger cohorts can be
performed, ERASH can be developed just like ASA, which
has been widely used in recent years. The shorter recovery,
availability of expertise, and its minimally invasive nature makes
it an alternative treatment.

Heterogeneity

The result of heterogeneity test showed that there was significant
heterogeneity in SM groups (I> > 50%, p < 0.05). We did not
detect publication bias in SM groups (Egger’s test p > 0.05),
suggesting that the heterogeneity might not be due to publication
bias. The sources of heterogeneity were diverse, such as patient
characteristics (ethnicity, gender, age, etc.), surgical techniques,
methodological, and statistical heterogeneity, which may lead to
the meta-analysis heterogeneity. Although the heterogeneity in
ERASH groups was low (I> < 50%, p > 0.05), relatively small
number of included studies might be one explanation for the
low heterogeneity.

Limitations

Our review has several limitations. First, there is conspicuous
heterogeneity between comparison groups of our review; hence,
results should be interpreted with caution. Second, all studies
included in the review were observational. Last, the study
population sizes were small for ERASH studies, and the follow-up
durations were relatively short compared to SM cohorts, which
may be prone to bias.

CONCLUSIONS

Indeed, our review shows that SM is associated with better clinical
outcomes than ERASH. However, for patients who are at risk
for open cardiac surgeries or prefer a less invasive approach,
ERASH might be an optional approach. Trials with larger sample
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sizes and longer follow-up periods are needed for ERASH to
characterize its efficacy and safety.
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