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Myocardial Disease

Mortality After Alcohol Septal Ablation vs. Septal
Myectomy in Patients With Obstructive
Hypertrophic Cardiomyopathy

Risako Yasuda, MD, PhD; Itsuki Osawa, MD; Tadahiro Goto, MD, PhD;
Kohei Hasegawa, MD, MPH, PhD; Michael A. Fifer, MD; Albree Tower-Rader, MD;
Muredach P. Reilly, MB, MSCE; Mathew S. Maurer, MD; Yanling Zhao, MS;
Hiroo Takayama, MD, PhD; Yuichi J. Shimada, MD, MPH

Background: Alcohol septal ablation (ASA) and septal myectomy (SM) are 2 options for septal reduction therapy (SRT) to treat
medication-resistant symptomatic obstructive hypertrophic cardiomyopathy (HCM). Because differences in mortality rates after these
different SRT methods have not been extensively investigated in real-world settings, in this study compared the 1-year mortality rates
after ASA and SM using population-based database.

Methods and Results: Utilizing New York Statewide Planning and Research Cooperative System (SPARCS) data from 2005 to
2016, we performed a comparative effectiveness study of ASA vs. SM in patients with HCM. The outcome was all-cause death up
to 360 days after SRT. We constructed a multivariable logistic regression model and performed sensitivity analysis with propensity
score (PS)-matching and inverse probability of treatment weighting (IPTW) methods. We identified 755 patients with HCM who
underwent SRT: 348 with ASA and 407 with SM. The multivariable analysis showed that all-cause deaths were significantly fewer
in the ASA group at 360 days after SRT (adjusted odds ratio=0.34; 95% confidence interval [Cl] 0.13-0.84; P=0.02). The PS-match-
ing and IPTW methods also supported a lower mortality rate in the ASA group at 360 days post-SRT.

Conclusions: In this population-based study of patients with HCM who underwent SRT in a real-world setting, the 1-year all-cause

mortality rate was significantly lower in patients who underwent ASA compared with SM.
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most common inherited cardiac diseases and has
a prevalence of 1 in 200-500 in the USA.12 Left
ventricular outflow tract (LVOT) obstruction is present in
70-75% of patients with HCM and can cause a variety of
cardiovascular symptoms such as syncope/presyncope,
chest pain, and shortness of breath.34 Septal reduction
therapy (SRT) reduces the LVOT obstruction by decreas-
ing the thickness of the interventricular septum.2 Alcohol
septal ablation (ASA) and septal myectomy (SM) are the
2 major options of SRT for patients with medication-
resistant symptomatic obstructive HCM.
Prior studies from high-volume/tertiary care (HVTC)

H ypertrophic cardiomyopathy (HCM) is one of the

centers suggest that SM has a very low short-term mortal-
ity rate (£1%) and a long-term mortality rate that is not
significantly different from or lower than the post-ASA
mortality rate.>® For instance, a study from the Mayo
Clinic, one of the top HVTC centers in the USA, reported
a 30-day mortality rate after SM of 0.3%.8 Accordingly,
the 2020 AHA/ACC HCM Guideline recommends SM as
the first-line choice and ASA as the second-line option to
be conducted only if SM is contraindicated or the surgical
risk is high.!® By contrast, population-based studies includ-
ing non-HVTC centers have consistently reported much
higher mortality rates with SM.11-12 For example, a popu-
lation-based study using the US Nationwide Inpatient
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Characteristics*

Age (years)

Male

Race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Asian
Other

Primary insurance
Medicare
Medicaid
Private
Self-funded
Other

Selected comorbidities
Chronic heart failure
Arrhythmia
Valvular disease
Pulmonary circulation disorder
Peripheral vascular disorder
Hypertension
Chronic pulmonary disease
Diabetes mellitus
Fluid and electrolyte disorders
Obesity

Table 1. Baseline Characteristics of Patients With HCM Undergoing ASA or SM

75
(nA=§Q8) (nfmn P value
6114 62415 0.72
175 (50) 167 (41) 0.01
0.57
222 (63.8) 248 (60.9)
19 (5.5) 35 (8.6)
19 (5.5) 20 (4.9)
6(1.7) 7(1.7)
82 (23.6) 97 (23.8)
0.07
120 (34.5) 103 (25.3)
31 (8.9) 35 (8.6)
51 (14.7) 62 (15.2)
1(0.3) 2(0.5)
145 (41.7) 205 (50.4)
155 (44.5) 225 (55.3) 0.004
278 (79.9) 269 (66.1) <0.001
86 (24.7) 332 (81.6) <0.001
36 (10.3) 70 (17.2) 0.009
34 (9.8) 42 (10.3) 0.90
227 (65.2) 249 (61.2) 0.25
45 (12.9) 61 (15.0) 0.48
55 (15.8) 70 (17.2) 0.68
26 (17 5) 139 (34.2) <0.001
5(12.9) 61 (15.0) 0.48

*Data are expressed as number (percentage) or meanz=standard deviation. ASA, alcohol septal ablation; HCM,

hypertrophic cardiomyopathy; SM, septal myectomy.

Sample reported an in-hospital mortality rate of 5.2%.11
Another population-based study of an elderly HCM popu-
lation using the Medicare database reported an in-hospital
mortality rate of 4.5% and a 30-day mortality rate of
5.1%.13 These findings suggest more deaths after SM per-
formed at non-HVTC centers than at HVTC centers.

On the other hand, mortality rates after ASA appear
similar between HVTC and non-HVTC centers. In both
the study from the Mayo Clinic and the one using the US
Nationwide Inpatient Sample, the short-term mortality
rate was 0.7% after ASA.811 The Medicare study showed a
post-ASA in-hospital mortality rate of 1.5%.13 Thus, the
risk-benefit balance between ASA vs. SM may be different
when non-HVTC centers are included in the analysis. Indeed,
3 prior studies including all hospitals in the USA reported
a significantly higher mortality rate for SM compared with
ASA up to 3 months after SRT."-13 However, those 3 stud-
ies focused on short-term mortality rates''!> or only
included patients aged >65 years.13 Therefore, we designed
the present population-based comparative effectiveness
study to investigate the all-cause 1-year mortality rates for
ASA vs. SM in patients with HCM inclusive of all ages.

Methods

We used population-based datasets from the New York
Statewide Planning and Research Cooperative System
(SPARCS) databases for 2005-2016.14 SPARCS is a com-
prehensive all-payer data reporting system that includes

patient-level detail on clinical characteristics, diagnoses
and treatments, services, and charges for each hospital
inpatient stay and outpatient (ambulatory surgery, emer-
gency department [ED], and outpatient services) visit in
New York State.! Details of the databases have been
published previously.!>-1® The Institutional Review Boards
of Columbia University Irving Medical Center approved
this study and the investigation conformed with the prin-
ciples outlined in the Declaration of Helsinki.20 All subjects
gave written informed consent to participate in the study.

We took the following steps to identify all patients with
HCM who underwent either ASA or SM. First, we used
the International Classification of Diseases, 9th Revision,
Clinical Modification (ICD-9-CM) diagnosis codes 425.1x,
and 10th Revision, Clinical Modification (ICD-10-CM)
diagnosis codes 142.1 and 142 to identify patients with
HCM. Second, among these patients, we identified those
who underwent either ASA or SM, using the ICD-9-CM
procedure code 37.34 and the ICD-10-CM codes 025M3ZZ
and 025L3ZZ for ASA and the ICD-9-CM code 37.33 and
ICD-10-CM codes 02BL0ZZ and 025L0ZZ for SM.11.21
We included patients who underwent either ASA or SM
from January 1, 2007 to December 31, 2014 to allow for a
2-year follow-up before and after SRT. Lastly, among
these patients with HCM who underwent either ASA or
SM, we further identified all-cause deaths at 7, 15, 30, 180,
and 360 days from SRT. We excluded patients with HCM
who underwent multiple SR Ts during the study period.1922-27

We retrieved data from SPARCS for patient demo-
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Table 2. Baseline Characteristics of Patients With HCM Who Underwent ASA and Propensity Score-Matched
Patients Who Underwent SM
Characteristics* (nﬁ?ﬁS) (n=s1'\ill3) P value mi‘::g;;g:ziie
Age (years) 63+14 63+14 0.65 0.05
Male 62 (43.4) 66 (46.2) 0.72 0.06
Race/ethnicity 0.82 0.15
Non-Hispanic white 95 (66.4) 89 (62.2)
Non-Hispanic black 7 (4.9) 11(7.7)
Hispanic 6 (4.2) 6 (4.2)
Asian 2(1.4) 1(0.7)
Other 33 (23.1) 36 (25.2)
Primary insurance 0.68 0.18
Medicare 46 (32.2) 44 (30.8)
Medicaid 13 (9.1) 0(7.0)
Private 19 (13.3) 5(17.5)
Self-funded 0(0) 1(0.7)
Other 65 (45.5) 63 (44.1)
Selected comorbidities
Chronic heart failure 71 (49.7) 70 (49.0) >0.99 0.01
Arrhythmia 105 (73.4) 105 (73.4) >0.99 <0.001
Valvular disease 82 (57.3) 86 (60.1) 0.72 0.06
Pulmonary circulation disorder 22 (15.4) 25 (17.5) 0.75 0.06
Peripheral vascular disorder 20 (14.0) 14 (9.8) 0.36 0.13
Hypertension 92 (64.3) 92 (64.3) >0.99 <0.001
Chronic pulmonary disease 46 (32.2) 48 (33.6) 0.90 0.03
Diabetes mellitus 9 (20.3) 27 (18.9) 0.88 0.04
Fluid and electrolyte disorders (14 7) 24 (16.8) 0.75 0.06
Obesity 7 (11.9) 19 (13.3) 0.86 0.04

*Data are expressed as number (percentage) or mean +standard deviation. Abbreviations as in Table 1.

graphics (age, sex, and race/ethnicity), source of payment
(Medicare, Medicaid, private insurance, self-pay, or other),
ICD-9-CM and ICD-10-CM diagnoses, procedures, year
of SRT, comorbidities defined by Elixhauser comorbidity
measures, and the number of ED visits or unplanned hos-
pitalizations for any reason within the 2 years before
SRT.1922-26 We used the baseline characteristics informa-
tion recorded on admission for SRT. The primary out-
come measure was all-cause death at 7, 15, 30, 180, and 360
days from SRT.

Statistical Analysis

For comparisons of the baseline characteristics between
patients with ASA and those with SM, the Mann-Whitney-
Wilcoxon or X? test was used as appropriate. The number
of patients and risk of the outcome event were determined
at 7, 15, 30, 180, and 360 days from SRT. Unadjusted and
adjusted odds ratios (ORs) were computed by fitting logis-
tic regression models, with SM group as the reference, for
each time period. Multivariable models were adjusted for
patient demographics (age, sex, and race/ethnicity), source
of payment, comorbidities defined by Elixhauser comor-
bidity measures on admission for SRT, and the number of
ED visits or unplanned hospitalizations for any reason
within the 2 years before SRT.

Several sensitivity analyses were performed to determine
the robustness of our inferences. First, PS-matched analy-
sis was performed to address possible confounding by indi-
cation.?8? PS was computed with the use of a logistic

regression model to estimate the propensity that a patient
would undergo ASA. The variables included in the logistic
regression model for the PS matching were the same vari-
ables included in the multivariable models. Patients who
underwent ASA were matched to patients who received
SM according to PS at a 1:1 ratio. The matching was per-
formed without replacement, using calipers (width=0.1) of
the standard deviation of the logit of the PS. Second, the
inverse probability of treatment weighting (IPTW) method
was used to determine the treatment effects of ASA and
SM without removal of outliers using the caliper widths.

Results

A total of 755 patients with HCM who underwent SRT
(348 (46%) with ASA and 407 (54%) with SM) were
included in the current study. The baseline characteristics
before PS matching are presented in Table 1. At baseline,
patients who underwent ASA had a significantly lower
prevalence of valvular disease and fluid and electrolyte
disorders, and higher prevalence of arrhythmia compared
with those who underwent SM. The PS-matching method
yielded 143 PS-matched pairs. After PS matching, the
baseline characteristics of the 2 groups were well balanced
as indicated by a standardized mean difference <0.2 in all
covariates (Table 2).

All-cause deaths post-SRT are displayed in Figure. In
the unadjusted analysis, deaths in the ASA group were
fewer than in the SM group at all post-SRT time periods
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Number of patients

0.C1

reduction therapy.

Analysis model and days from Alcohol septal Septal
septal reduction therapy ablation my ectomy OR (95% CI) P value
A. Unadjusted model n =348 n =407
7 days 3(0.9) 14 (3.4) — 0.24 (0.07-0.86) 0.03
15 days 3(0.9) 15(3.7) _— 0.23 (0.07-0.79) 0.02
30 days 3(0.9) 17 (4.2) _— 0.20 (0.06-0.69) 0.01
180 days 8(23) 25(6.1) —_— 0.36 (0.16-0.81) 0.01
360 days 13 (3.7) 30 (7.4) 0.49 (0.25-0.95) 0.04
B. Adjusted model n =348 n =407 -
7 days 3(0.9) 14 (3.4) 0.33 (0.06-1.62) 0.19
15 days 3(0.9) 15(3.7) S I — 0.29 (0.05-1.38) 0.14
30 days 3(0.9) 17 (4.2) —_— 0.19 (0.03-0.89) 0.04
180 days 8(2.3) 25 (6.1) —_— 0.27 (0.09-0.79) 0.02
360 days 13 3.7) 30 (7.4) - . 0.34(0.13-0.84) 0.02
C. PS-matched model n=143 n =143
7 days 1(0.7) 32.1) 0.33 (0.03-3.20) 0.34
15 days 1(0.7) 32.1) 0.33 (0.03-3.20) 0.34
30 days 1(0.7) 4(2.8) 0.24 (0.03-2.22) 0.21
180 days 2(1.4) 10 (7.0) _ . 0.19 (0.04-0.88) 0.03
360 days 4(2.8) 12 (8.4) 0.31 (0.10-0.9986) 0.0497
D. IPTW-matched model n =299 n =377 P EE— N
7 days 2(0.7) 9(2.4) 0.29 (0.05-1.11) 0.11
15 days 2(0.7) 10 (2.6) * 0.27(0.04-1.03) 0.09
30 days 2(0.7) 14 (3.8) I e e— 0.18 (0.03-0.64) 0.02
180 days 6(2.1) 25 (6.6) —_— 0.31(0.12-0.70) 0.009
360 days 11 (3.7) 30 (7.9) . 0.44.(0.21-0.88) 0.02

0.1
«— Favors ASA

Figure. All-cause mortality rates at 7, 15, 30, 180, and 360 days in patients with hypertrophic cardiomyopathy who underwent
alcohol septal ablation or septal myectomy. Shown are the number of patients and OR using (A) unadjusted model, (B) multivari-
able model adjusted for age, sex, race/ethnicity, source of payment, Elixhauser comorbidity measures on admission for SRT, and
the number of ED visits or unplanned hospitalizations for any reason within 2 years before SRT, (C) PS-matched model, and (D)
IPTW model. ORs were calculated using the SM group as the reference group. Comorbidities with prevalence <0.5% in both
groups were excluded from the multivariable model. ASA, alcohol septal ablation; Cl, confidence interval; ED, emergency depart-
ment; IPTW, inverse probability of treatment weighting; OR, odds ratio; PS, propensity score; SM, septal myectomy; SRT, septal

10

Odds Ratio Favors SM —

(e.g., crude mortality rate at 360 days, 3.7% vs. 7.4%;
unadjusted OR=0.49; 95% confidence interval [CI] 0.25-
0.95; P=0.04; Figure A). In the multivariable analysis, the
mortality rate was significantly lower in the ASA group at
30 days (adjusted OR=0.19; 95% CI 0.03-0.89; P=0.04),
180 days (adjusted OR=0.27; 95% CI 0.09-0.79; P=0.02),
and 360 days (adjusted OR=0.34; 95% CI 0.13-0.84;
P=0.02) after SRT (Figure B). Similarly, with PS matching
the mortality rate was lower in the ASA group at both 180
days (adjusted OR=0.19; 95% CI 0.04-0.88; P=0.03) and
360 days (adjusted OR=0.31; 95% CI 0.10-0.9986;
P=0.0497) post-SRT (Figure C). The IPTW model showed
findings consistent with the multivariable analysis and the
PS-matched model (Figure D).

Discussion

Summary of Findings

In this comparative effectiveness study using population-
based data of 755 patients with HCM, the all-cause mor-
tality rate was lower among patients who underwent ASA
compared with SM at both 180 days and 360 days after
SRT. This difference was consistently observed in the mul-
tivariable, PS-matched, and IPTW analyses. To our
knowledge, this is the first population-based comparative
effectiveness study inclusive of all ages that has examined
the all-cause 1-year mortality rates after ASA and SM in

real-world settings.

Results in Context
To date, studies comparing mortality rates after ASA and
SM have been mainly performed at HVTC centers and
have reported very low post-SM short-term mortality rates
(£1%) that are either lower than or not significantly differ-
ent from post-ASA mortality rates.5® On the other hand,
there is a large discrepancy in terms of mortality rates after
SM between HVTC and non-HVTC centers; prior studies
that included non-HVTC centers reported much higher
mortality rates for SM.!1112 For example, population-based
studies using the US Nationwide Inpatient Sample and
Medicare databases reported in-hospital mortality rates as
high as 4.5-5.2%.1113 Our study showed a 7-day mortality
rate after SM of 3.4%, which is in agreement with prior
population-based studies,'12 and collectively the study
findings indicate that the mortality rates after SM at non-
HVTC centers may be much higher than at HVTC centers.
Unlike the large difference in mortality rates after SM,
those for ASA seem similar between HVTC and non-
HVTC centers. For instance, the study using the US
National Inpatient Sample documented 0.7% mortality
rate after ASA,!"' and another study using the National
Readmission Database reported a post-ASA in-hospital
mortality rate of 0.9%.'2 The in-hospital mortality rate was
1.5% in the study using the Medicare database.!® These
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data are similar to that in a previous study from the Mayo
Clinic (0.7%),8 the Multicenter North American Registry
(1.0%),? and the present study (7-day mortality rate after
ASA 0.9%). Thus, the risk-benefit balance of SM vs. ASA
may be more favorable to ASA at non-HVTC centers
when compared with HVTC centers. Indeed, both of the
studies using the US Nationwide Inpatient Sample and
National Readmission Database showed >4-fold higher
mortality rates after SM compared with ASA.112 How-
ever, those studies assessed only short-term mortality rates
up to 30 days. The Medicare study also showed signifi-
cantly higher mortality rates up to 30 days (hazard ratio
1.96; 95% CI 1.32-2.92; P<0.001) and a non-significant
trend towards higher mortality rates with SM up to 2 years
after SRT (P=0.2); however, that Medicare study only
included patients >65 years of age.!3 In this context, the
present population-based study examining 1-year mortal-
ity rates inclusive of all ages adds to the body of knowledge
by demonstrating that ASA is associated with fewer deaths
than SM when non-HVTC centers are included.

Comparison With Previous Meta-Analyses

There have been a few meta-analyses investigating differ-
ences in all-cause mortality rates for ASA vs. SM. For
example, in 2016 a meta-analysis that included 10 studies
with a total of 805 patients who underwent ASA and 1,019
with SM, there was no difference between ASA and SM in
terms of 30-day all-cause mortality rates.3! In a meta-anal-
ysis conducted in 2019, data of 22 ASA cohorts (n=4,213)
and 23 SM cohorts (n=4,240) were analyzed and the 30-day
mortality rate was lower for ASA than for SM (2.0% vs.
1.2%, P=0.009).3! These findings are inconclusive likely
because the risk difference depends on the proportion of
studies from HVTC centers vs. non-HVTC centers included
in the analysis. Thus, even with meta-analyses, it remained
controversial as to whether ASA is associated with lower
30-day all-cause mortality rates than SM in the real world,
and if so, whether the difference remains after 30 days. The
current study provides additional insights to the lower
mortality rates with ASA compared with SM up to 1 year
when all institutions are included regardless of volume.

Advantages of the Study Design and Methods
A large, high-quality randomized controlled trial (RCT) is
the ideal for comparing the efficacy and safety of ASA and
SM, but can be difficult to conduct because of resource and
time constraints. Furthermore, it has been reported that
subjects participating in RCTs may be highly selected or
behave differently than the general population in real-
world settings.?? For example, a previous study showed
that enrollment of 1,200 suitable candidates (600 in each
treatment arm) would require screening as many as 34,000
consecutive patients with obstructive HCM,3 a number
that far exceeds the total of all cohorts currently being fol-
lowed at major centers in North America and Europe. By
contrast, the SPARCS databases capture all ED visits and
hospitalizations in New York State, which strengthens the
external validity of the present study because it used a large
general population-based dataset from real-world settings.
In addition to rigorous adjustment for potential con-
founders, the PS-matched analysis and IPTW method
improve the internal validity because they reduce between-
group differences at baseline and allow for a more accurate
determination of the effectiveness of different interven-
tions.28.29.33 [ndeed, the PS-matched groups in our dataset

had similar characteristics at baseline, ensuring less biased
examination of the treatment effect.

Study Limitations

Our study has several potential limitations. First, misclas-
sification may have occurred when using administrative
data. However, the SPARCS databases have been widely
used in prior studies and the quality has been extensively
tested.’31® To ensure data accuracy and avoid misclassifi-
cation, the SPARCS databases were developed by the New
York State Department of Health in conjunction with the
Vital Statistics Birth Registry, the Vital Statistics Death
Registry, and the Bureau of Biometrics, in cooperation
with trend analyses conducted by biometrics, and they are
subject to periodic quality checks.!* In addition, the inclu-
sion criteria of the present study required both HCM diag-
nosis codes and SRT procedure codes to increase
specificity. Second, because this was an observational
cohort study, it does not prove causality and may not pro-
vide evidence of the same strength as an RCT. Third, the
SPARCS databases did not capture SRTs that were per-
formed outside New York State. Finally, the SPARCS
databases did not record some important clinical variables
such as symptoms, past medical history, medication, cause
of death, blood tests such as B-type natriuretic peptide
levels, renal function, and anemia, cardiac imaging data
(e.g., LV maximal wall thickness, type of HCM, pressure
gradient, and LVEF) and improvement in heart failure and
LV remodeling. Thus, there may be some imbalances in
these parameters between the 2 groups even with PS
matching and IPTW.

Conclusions

In this comparative effectiveness study of 755 patients with
HCM using large population-based datasets in real-world
settings, all-cause mortality rates were significantly lower
at both 180 days and 360 days after SRT in patients who
underwent ASA compared with SM. This observation,
when compared with studies from HVTC centers reporting
higher or non-differential mortality rates for ASA vs. SM
suggests that the risk-benefit balance of ASA vs. SM may
differ between HVTC centers and others.
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