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BACKGROUND: We report characteristics and outcomes of elderly patients with hypertrophic cardiomyopathy (HCM) with basal
septal hypertrophy and dynamic left ventricular outflow tract obstruction.

METHODS AND RESULTS: We studied 1110 consecutive elderly patients with HCM (excluding moderate or greater aortic stenosis
or subaortic membrane, age 80+5 years [range, 75-92 years], 66% women), evaluated at our center between June 2002 and
December 2018. Clinical and echocardiographic data, including maximal left ventricular outflow tract gradient, were recorded.
The primary outcome was death and appropriate internal defibrillator discharge. Hypertension was observed in 72%, with a
Society of Thoracic Surgeons (STS) score (8.6+6); while 80% had no HCM-related sudden cardiac death risk factors. Left ven-
tricular mass index, basal septal thickness, and maximal left ventricular outflow tract gradient were 127+43 g/m?, 1.7+0.4 cm,
and 49+31 mm Hg, respectively. A total of 597 (54%) had a left ventricular outflow tract gradient >30 mm Hg, of which 195
(833%) underwent septal reduction therapy (SRT; 79% myectomy and 21% alcohol ablation). At 5.1+4 years, 556 (50%) had
composite events (273 [53%)] in nonobstructive, 220 [55%)] in obstructive without SRT, and 63 [32%] in obstructive subgroup
with SRT). One- and 5-year survival, respectively were 93% and 63% in nonobstructive, 90% and 63% in obstructive sub-
group without SRT, and 94% and 84% in the obstructive subgroup with SRT. Following SRT, there were 5 (2.5%) in-hospital
deaths (versus an expected Society of Thoracic Surgeons mortality of 9.2%).

CONCLUSIONS: Elderly patients with HCM have a high prevalence of traditional cardiovascular rather than HCM risk factors.
Longer-term outcomes of the obstructive SRT subgroup were similar to a normal age-sex matched US population.
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phenotypic expression, ranging from asymptom-

atic to congestive heart failure to sudden death,
which occurs in <1%/year."* A characteristic finding
in HCM is dynamic left ventricular outflow tract (LVOT)
obstruction and concomitant mitral regurgitation® at-
tributable to systolic anterior motion (SAM) of the
mitral valve, which often results in symptomatic con-
gestive heart failure, reduced exercise capacity, and
exertional syncope. With increased awareness and im-
provements in imaging techniques, the characteristic

Hypertrophio cardiomyopathy (HCM) has a varied

pathophysiologic findings typically associated with
HCM are increasingly being recognized.

While many of the features of HCM, especially
basal septal hypertrophy, SAM, and dynamic LVOT
obstruction, are also observed in elderly symptom-
atic patients, it is also recognized that these pa-
tients have a distinct morphologic appearance and
a potentially different clinical course.’~© Previous
smaller reports have demonstrated that elderly pa-
tients with HCM-like features predominantly tend to
be women, with a high prevalence of hypertension,
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CLINICAL PERSPECTIVE

What Is New?

e In alarge group (n=1110) of elderly patients with
hypertrophic cardiomyopathy with basal septal
hypertrophy and dynamic left ventricular out-
flow tract, we report characteristics and longer-
term outcomes.

What Are the Clinical Implications?

e FElderly patients with hypertrophic cardio-
myopathy were more likely to have traditional
cardiovascular risk factors, as opposed to
American College of Cardiology/American
Heart Association hypertrophic cardiomyopa-
thy sudden cardiac death risk factors with a low
European Society of Cardiology hypertrophic
cardiomyopathy 5-year sudden cardiac death
risk score.

e Half the patients had significant dynamic left
ventricular outflow tract obstruction, while one-
third of those underwent septal reduction ther-
apy for relief of intractable symptoms with a low
observed (versus expected) in-hospital mortal-
ity, despite their advanced age.

e The longer-term outcomes of the obstructive
septal reduction therapy subgroup were similar
to a normal age-sex matched US population.

Nonstandard Abbreviations and Acronyms

ASA alcohol septal reduction
HCM  hypertrophic cardiomyopathy
SAM  systolic anterior motion
SCD sudden cardiac death

SRT septal reduction therapy

STS Society of Thoracic Surgeons

small LVOT, and a characteristic sigmoid-shaped
basal septum (Figure 1). In addition, patients with
HCM have a steeper left ventricular (LV) inflow to
outflow (LVOT-aortic) angle, especially with increas-
ing age, which is also independently associated with
a higher dynamic LVOT gradient.'" Overall, such pa-
tients are perceived to be at low risk for HCM-related
morbidity/mortality.6='© As a result, HCM-related
sudden cardiac death (SCD) prevention therapies,
especially implantable cardioverter-defibrillators
(ICDs) are generally not recommended in such pa-
tients. However, many such patients often require
evaluation and treatment of advanced symptoms
related to severe dynamic LVOT obstruction and
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intractable to maximally tolerated medical therapy.
In such cases, invasive septal reduction therapies
(SRTs) like alcohol septal ablation (ASA) and sur-
gical myectomy could provide symptomatic relief.
However, there are scarce data in terms of manage-
ment and outcomes of elderly patients with HCM,
especially taking into account management of ob-
structive physiology versus none. Indeed, in previ-
ous observational studies, SRT has been shown to
provide excellent long-term survival and freedom
from recurrent symptoms in patients with HCM with
severe dynamic LVOT obstruction.’?° Because
of previously demonstrated excellent outcomes
of SRT at our center,'®'"° in a carefully selected
group of severely symptomatic elderly patients with
obstructive HCM-like physiology and intolerance to
maximal medical therapy, we offer SRT for symp-
tom relief and improved quality of life. We sought to
study characteristics and outcomes of elderly pa-
tients with HCM who presented to our center for
evaluation and overall management.

METHODS

The data, methods used in the analysis, and materials
used to conduct the research will not be made avail-
able to any researcher for purposes of reproducing the
results or replicating the procedure.

Study Sample

The study sample consisted of 1110 consecutive el-
derly HCM patients (age range 75-92 years, mean age
805 years, 66% women) who presented to our center
between June 2002 and December 2018 for a compre-
hensive clinical and imaging evaluation. These patients
are part of an institutional review board—approved on-
going observational registry (total n=7954; total num-
ber of SRT=2868) with waiver of individual informed
consent. The diagnosis of “elderly HCM” was made by
experienced cardiologists at our center on the basis of
advanced age, clinical history, and typical imaging fea-
tures, with LV hypertrophy (LV wall thickness >15 mm)
in the setting of a small LV cavity, absence of LV dila-
tion, and characteristic sigmoid-shaped septum ob-
served on echocardiography (Figure 1).346-0 Presence
of resting/provocable LVOT obstruction (LVOT gradient
>30 mm Hg) also aided in the diagnosis. Because of a
different pathophysiologic profile, the following patients
were excluded: (1) those with a subaortic membrane
(n=63) and (2) those with a mixed picture of HCM and
moderate or greater aortic stenosis (n=191). By study
design, younger patients with imaging findings consist-
ent with characteristic HCM or those with an alterna-
tive diagnosis following a thorough clinical and imaging
evaluation (eg, amyloidosis, ischemic cardiomyopathy)
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Figure 1.

Echocardiographic images of a 79-year-old symptomatic female with a long-standing history of hypertension and

a picture consistent with hypertrophic obstructive cardiomyopathy.

A, Parasternal long-axis image demonstrating a sigmoid-shaped upper septal bulge with concomitant systolic anterior motion of
mitral valve. (B) Four-chamber image demonstrating a sigmoid-shaped upper septal bulge with concomitant systolic anterior motion
of mitral valve. (C) Continuous Doppler across the left ventricular outflow tract demonstrating severe dynamic obstruction.

were not included in the current study. No patient was
on renal replacement therapy.

Baseline clinical data were manually extracted from
electronic medical records. Follow-up information was
collected by manual extraction from electronic medical
records and phone calls. Presence of atrial fibrillation
was recorded, based on history, ECGs, and Holter
data. Nonsustained ventricular tachycardia, wide
complex tachycardia at >120 beats per minute lasting
>3 beats but <30 seconds, or sustained ventricular
tachycardia lasting >30 seconds was recorded, based
on history and Holter data. Presence of an ICD and
permanent pacemaker was ascertained. American
College of Cardiology/American Heart Association
SCD risk factors and 5-year European Society of
Cardiology SCD risk score were also calculated.®* In
addition, the Society of Thoracic Surgeons (STS) score
was also calculated.

Imaging

Al patients underwent comprehensive ECGs using
commercially available instruments (Philips Healthcare,
Boyhell, WA; GE Healthcare, Waukesha, WI; and
Siemens, Kensington, PA). Maximal end-diastolic LV
wall thickness, LV dimensions, and left atrial area were
measured according to guidelines.?! Characteristic late-
peaking resting LVOT maximal velocity was measured
by continuous-wave Doppler echocardiography, and
pressure gradient was estimated by using a simplified
Bernoulli equation. Care was taken to avoid contamina-
tion of LVOT waveform by mitral regurgitation. In addition,
absence of a fixed obstruction attributable to a subaortic
membrane and aortic stenosis were additionally con-
firmed on Doppler profile. In patients with resting LVOT
gradients <30 mm Hg, provocative maneuvers includ-
ing Valsalva and amyl nitrite were used. In symptomatic
patients with resting peak LVOT gradient >50 mm Hg,
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provocative maneuvers were not used. Maximal dy-
namic LVOT gradient was recorded and defined as the
highest recorded gradient (either resting or provoked) in
a patient.?? Degree of resting mitral regurgitation was as-
sessed (none to severe) using multiple criteria.?® Right
ventricular systolic pressure was calculated. In patients
with missing values, the archived images were retrieved,
and images were analyzed.

A subgroup of patients underwent a standard con-
trast-enhanced cardiac magnetic resonance examina-
tion, as described previously, and presence or absence
of late gadolinium enhancement was ascertained.?*

Septal Reduction Therapy

We recorded the date and type of SRT performed in fol-
low-up. Surgical procedures to relieve LVOT obstruction
were recorded as follows: (1) isolated myectomy and (2)
myectomy-+mitral valve/subvalvular apparatus surgery.
Additional surgeries, including coronary artery bypass
grafting, maze procedure, pulmonary vein isolation,
and left atrial appendage ligation/excision were also re-
corded. Details of surgical techniques by our group have
been described previously.'®'87:25 The basic technique
of myectomy involved muscle resection below the mem-
branous septum, removing muscle over both papillary
muscles, and often extending to both trigones.

Patients meeting the criteria for SRT but deemed
high risk for surgical relief of LVOT obstruction were
carefully selected for ASA, after ascertaining adequacy
of septal perforator anatomy on invasive angiography.
The details of the ASA technique by our group has
been described previously."®

Outcomes Assessment

The duration of follow-up ranged between initial out-
patient visit to event/last follow-up. Death naotification
was confirmed by observation of the death certificate
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or verified with a family member. To ascertain com-
plete follow-up, in addition to in-person outpatient
visits and phone call follow-up, we queried individual
state and nationally available databases and per-
formed extensive obituary searches. The last query
was performed in June 2019. The cause of death
was ascertained as cardiac death, unknown, or non-
cardiac death, after review of records and discus-
sion with family. In addition, we recorded successful
resuscitation from cardiac arrest or appropriate ICD
shocks (with defibrillation threshold of >200 beats on
electrogram reviews at our institution).?® Given the
study sample (elderly patients), we chose all-cause
death and appropriate ICD discharge as the primary
composite end point. We also studied a secondary
composite end point, which included cardiac death
(excluding documented noncardiac death attribut-
able to cancer, liver failure, or primary respiratory or
neurologic issues but censoring at the time of event),
unknown cause of death, and appropriate ICD dis-
charge. Patients with an unknown cause of death
were included as part of the secondary composite
outcome, unless the patient’s proximal history, just
before death, strongly suggested a noncardiac cause
based on chart documentation or discussion with
family.?” In addition, presence of stroke (transient or
permanent) in the SRT subgroup was recorded on
the basis of clinical neurologic evaluation and appro-
priate neuroimaging.

Statistical Analysis

Continuous variables are expressed as mean+SD
or median (with interquartile range) and com-
pared using ANOVA (normal distribution) or Mann-
Whitney test (nonnormal distribution), as appropriate.
Categorical data are expressed as percentage and
compared using chi-square. To assess for the as-
sociation of various predictors with longer-term pri-
mary composite outcomes (all-cause mortality and
appropriate ICD discharge), multivariable Cox pro-
portional hazards analysis was performed, and haz-
ard ratios (HRs) with 95% Cls were calculated. Cox
proportional hazard assumptions were checked by
Schoenfeld residuals. All survival analysis was per-
formed separately in obstructive and nonobstruc-
tive subgroups. For univariable analysis, relevant
variables that are known to be associated with out-
comes were studied. Variables that had a significant
(P<0.05) association with primary events on uni-
variable analysis were subsequently considered for
the multivariable model. Additionally, Kaplan-Meier
curves were generated to determine the cumulative
proportion of patients with events as a function over
time, and compared using log-rank or the general-
ized Wilcoxon statistic, as appropriate. In addition,
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the survival was also compared with the survival of
an age-sex matched US population (www.cdc.gov/
nchs/products/life_tables). The discriminative ability
of survival models for longer-term composite primary
events were compared using log-likelihood ratios.
Since longer-term secondary composite events
and noncardiac death were competing risks, sur-
vival analysis was performed by competing risk re-
gression analysis using the Fine-Gray proportional
subhazards model, and subdistribution HRs were
calculated, along with 95% CI.28.2° Statistical analysis
was performed using SPSS version 23 (SPSS Inc.,
Chicago, IL) and R 3.4.3 (R Foundation for Statistical
Computing, Vienna, Austria). A P value of <0.05 was
considered significant.

RESULTS

The clinical and imaging data of the study sample as
a whole, as well as separated on basis of obstruc-
tive (=597, 54%) versus nonobstructive physiology
(=513, 46%), are shown in Tables 1and 2. Of those
with obstructive physiology, 195 (33%) subsequently
underwent SRT, with details as discussed below. By
study design, patients were significantly older (mean
age, 8045 years) than standard patients with HCM,
and 727 (66%) were women, with no significant dif-
ferences within subgroups. The number of traditional
HCM-related risk factors were low and standard
cardiovascular risk factors, including hypertension
(n=795; 72%) and hyperlipidemia (n=759; 68%), were
high, with no significant differences within subgroups.
A total of 325 (31%) of the patients had a history of
atrial fibrillation/flutter (10% were in atrial fibrillation/
flutter at the time of presentation), with an expectedly
higher proportion in the obstructive subgroup who
underwent SRT. The vast majority of the patients had
no American College of Cardiology/American Heart
Association SCD risk factors (N=896; 80%) and the
European Society of Cardiology HCM 5-year SCD
risk score was low (mean, 1.54+1.2). However, these
risk factors were significantly higher in the obstruc-
tive subgroup who underwent SRT. The mean STS
score was high (8.6+6) in the study sample (likely
driven by higher age and a greater burden of car-
diovascular comorbidities); however, there were no
differences within subgroups. had preserved LV
ejection fraction (>50%) and LV mass index was sig-
nificantly increased (127+43 g/m?), while the indexed
LV cavity size were small (0.9+0.3 cm/m?). A total
of 684 (62%) patients had SAM of the mitral valve
(ranging from nonobstructive cordal SAM to severe
leaflet SAM), while 597 (54%) had evidence of sig-
nificant dynamic LVOT obstruction with a maximal
LVOT gradient >30 mm Hg. In the study sample, 194
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Table 1. Baseline Characteristics of Study Sample

Age, y 80+5 80+5 80+5 79+5 0.1
Female sex, n (%) 727 (66) 333 (65) 265 (66) 129 (66) 0.39
Hypertension, n (%) 795 (72) 357 (70) 288 (72) 140 (72) 0.18
Hyperlipidemia, n (%) 759 (68) 619 (68) 140 (72) 140 (72) 0.15
Diabetes mellitus, n (%) 189 (17) 97 (19) 61 (15) 31 (16) 0.33
Chronic kidney disease, n (%) 129 (12) 73 (14%) 42 (10%) 14 (7%) 0.02
COPD 141 (13) 73 (14) 48 (12) 20 (10) 0.31
History of stroke, n (%) 113 (10) 94 (10) 19 (10) 19 (10)
Documented CAD, n (%) 119 (11) 41 (8) 40 (10) 38 (20) 0.01
Genetic testing for HCM,* n (%) 38 (3) 17 (9) 13 (3) 8 (4) 0.27
Family history of HCM, n (%) 19 (2) 5(1) 5(1) 9(5) 0.003
Family history of SCD, n (%) 52 (5) 14 (3) 21 (5) 17.(9) 0.008
History of SCD, n (%) 9(0.8) 4(0.7) 3(0.1) 2(0.1) 0.83
History of NSVT, n (%) 78 (7) 31 (6) 2270 (7) 20 (10) 0.14
History of syncope, n (%) 133 (12) 75 (15) 12 (3), none exertional 46 (24) 0.009
History of AF, n (%) 325 (31) 174 (34) 90 (22) 61 (31) <0.001
AF on baseline ECG, n (%) 102 (10) 66 (13) 25 (6) 11 (6) 0.03
History of prior alcohol septal ablation, n (%) 43 (4) 16 (3) 0 27 (14) <0.001
History of prior surgical myectomy, n (%) 35 (3%) 19 (4%) 9 (2%) 7 (4%) 0.42
Implantable defibrillator, n (%) 34 (3) 20 (4) 10(3) 42 0.31
Permanent pacemaker, n (%) 75 (7) 20 (4) 20 (5) 35 (18) <0.001
Aspirin, n (%) 724 (65) 554 (61) 170 (87) 170 (87) <0.001
Beta-blockers, n (%) 899 (81) 389 (76) 335 (83%) 175 (90) <0.01
Calcium channel blocker, n (%) 221 (20) 84 (16) 74 (18) 64 (33) <0.001
Disopyramide, n (%) 31 (3) 9(2 3(6) 11(6) 0.01
Anticoagulation, n (%) 272 (25) 141 (27) 60 (15) 71 (36) <0.001
Angina, n (%) 431 (19) 114 (12) 317 (24) 317 (24) <0.001
NYHA class, n (%)

| 130 (12) 66 (13) 64 (16) 0

Il 763 (69) 405 (79) 338 (84) 20 (10) <0.001

1l 192 (17) 37 (7) 0 155 (80)

\% 25 (2) 5(1) 0 0(10)
Society of Thoracic Surgeons score 8.6+6 8.6x7 8.1+15 9.2+17 0.144
ACC/AHA SCD risk factors, n (%)

0 896 (80) 426 (83) 330 (82) 140 (72)

1 195 (18) 80 (16) 67 (17) 48 (25) 0.01

>2 192) 7(1) 5(1) 7(3)
ESC % 5-y SCD risk score 1.54+1.2 1.11+£0.7 1.6+1 2.4+2 <0.001
ESC % 5-y SCD risk categories, n (%)

Low risk (<4%) 1052 (95) 506 (99) 381 (95) 1654 (85)

Intermediate risk (4%-6%) 44 (4) 7(1) 15 (4) 22 (11) <0.001

High risk (>6%) 14 (1%) 0 6 (2%) 8 (4%)

ACC/AHA indicates American College of Cardiology/American Heart Association; AF, atrial fibrillation; CAD, coronary artery disease; COPD, chronic
obstructive pulmonary disease; ESC, European Society of Cardiology; HCM, hypertrophic cardiomyopathy; LVOT, left ventricular outflow tract; NSVT,
nonsustained ventricular tachycardia; NYHA, New York Heart Association; SCD, sudden cardiac death; and SRT, septal reduction therapy.

*No patients were genotype positive for HCM.
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Table 2. Imaging Characteristics of the Study Sample
Obstructive (N=597)
No SRT in SRT in
Total Nonobstructive Follow-Up Follow-Up
Variable (N=1110) (N=513) (N=02) (N4=195) P Value
LV ejection fraction, % 62+5 61+6 62+6 62+5 0.18
LV mass index, g/m? 127+43 124+40 125+45 14145 <0.001
Indexed LV end-diastolic dimension. cm/m? 1.9+£0.3 1.9+0.4 1.9+0.4 1.9+0.3 0.72
Indexed LV end-systolic dimension, cm/m? 0.9.0+£0.3 1.0+£0.3 0.9+0.3 0.9+0.4 0.54
Maximal LV thickness, cm 1.7+0.4 1.6+0.3 1.7£0.4 1.9+0.4 <0.001
Maximal posterior wall thickness, cm 1.2+0.3 11+0.3 1.2+0.3 1.2+0.4 0.23
Indexed left atrial dimensions, cm/m? 2.4+0.3 2.4+0.4 2.3+0.4 2.3+0.3 0.62
Moderate or greater resting mitral regurgitation, n (%) 302 (27 94 (18) 120 (30) 88 (45) <0.001
Trivial-mild
SAM of mitral valve, n (%) 684 (62) 87 (17)
Cordal SAM only, n (%) 402 (100) 195 (100) <0.001
Resting LVOT gradient, mm Hg 35+34 8+9 44+22 63+32 <0.001
Resting LVOT gradient >30 mm Hg, n (%) 405 (37) 0 279 (69) 126 (65) <0.001
Maximal LVOT gradient, mm Hg 49+31 9+8 82143 87+14 <0.001
Maximal LVOT gradient >30 mm Hg, n (%) 597 (54) 0 402 (100) 195 (100) <0.001
Maximal LVOT gradient =50 mm Hg, n (%) 496 (45) 0 301 (100) 195 (100) <0.001
Right ventricular systolic pressure, mm Hg 36114 35+13 35+15 38+17 0.01
Late gadolinium enhancement on cardiovascular magnetic 100/194 (52) 31/58 (563) 25/53 (47) 44/83 (53) <0.01
resonance, n (%)

LV indicates left ventricular; LVOT, left ventricular outflow tract; and SAM, systolic anterior motion.

(10%) patients also underwent cardiovascular mag-
netic resonance, of which 100 (52%) had evidence
of late gadolinium enhancement, with no difference
between subgroups.

In the study sample, 195 patients (18% of the
total sample and 33% of the obstructive subgroup)
underwent SRT during follow-up at a median time
of 29 days following initial evaluation. Of these,
90% were in New York Heart Association class Ill/
IV. The remaining 10% had additional concomitant
symptoms (exertional syncope in the setting of se-
vere dynamic LVOT obstruction and intractable an-
gina) as an indication for SRT. On the other hand,
in the obstructive but non-SRT subgroup, 84% had
only mild symptoms (New York Heart Association
class Il), and the patients were not deemed to reach
the threshold for SRT. The type of SRT procedures
were as follows: (1) isolated myectomy (n=84; 43%),
(2) myectomy plus mitral valve repair (n=56; 29%), (3)
myectomy plus mitral valve replacement (n=14; 7%,
and (4) ASA (n=41; 21%). In addition, in the surgical
subgroup, 38 (25%) patients underwent concomitant
coronary artery bypass grafting, and 34 (22%) un-
derwent a maze procedure, while 22 (14%) had left
atrial appendage ligation. Of the entire study sample,
78 (7%) patients had SRT performed before referral
to our center (43 ASA and 35 surgical myectomies).
Within this subgroup, 27 patients with a prior ASA
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and 7 patients with a prior myectomy needed a fol-
low-up surgical myectomy to relieve symptomatic
and persistently severe dynamic LVOT obstruction.
The median in-hospital length of stay for the SRT pro-
cedure was 9 days (interquartile range, 614 days). A
predischarge echocardiogram revealed relief of LVOT
obstruction (mean LVOT gradient, 107 mm Hg) in
all patients. There were no documented ventricular
septal defects. During follow-up, there were an addi-
tional 75 (7%) patients with pacemaker implantation.
The proportion was significantly higher in the sub-
group with SRT (including all patients with prior ASA
who underwent surgical myectomy). Also, there were
23 (2%) patients with new ICDs, and 36 (3%) patients
who developed new-onset atrial fibrillation (excluding
short-term postoperative atrial fibrillation) during fol-
low-up, with no difference between subgroups.
During a mean follow-up of 5.1+4 years (median,
4.4 years with interquartile range of 2.0-7.6 years),
556 patients (50%) met the composite primary end
point. The composite primary outcome included the
following: 551 (560%) deaths and 6 (0.5%) appropriate
ICD discharges. An additional 21 (2%) patients died
of documented noncardiac causes during follow-up
and were excluded from the secondary composite
survival analysis (n=535) but were censored at the
time of death. In patients who developed multiple end
points, time to first event was used as an event time
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Figure 2. Kaplan-Meier survival curves demonstrating
long-term primary outcomes of the entire study sample,
compared with age-sex-matched normal US population.

cutoff. The longer-term primary composite outcomes
of the entire study sample were similar to an age-sex
matched normal US population, as shown in Figure 2.

Because of (1) different pathophysiologic profiles of
the obstructive and nonobstructive subgroups and (2)
potential significant impact of SRT in the obstructive
subgroup, additional survival analyses were performed
separately in these subgroups. The breakdown of lon-
ger-term composite primary end points in 3 subgroups
was as follows: 273 (63%) in the nonobstructive sub-
group, 220 (55%) in the obstructive subgroup without
SRT, and 63 (32%) in the obstructive subgroup who
underwent SRT. The Kaplan-Meier survival curves of
the 3 subgroups, along with comparison to an age-
sex matched US population, are shown in Figure 3.
Longer-term survival of patients who underwent SRT
was significantly better than for patients who did not
undergo SRT. Respective 1, 2, and 5-year freedom
from primary composite events for each subgroup
were as follows: (1) 93%, 86%, and 63% in the non-
obstructive subgroup; (2) 90%, 84%, and 63% in the
obstructive subgroup without SRT; and (3) 94%, 93%,
and 84% in the obstructive subgroup with SRT. Within
the SRT subgroup, there were 5 (2.5%) in-hospital
deaths (versus an expected postoperative mortality
rate of 9.2% on the basis of the STS score) and 2 (1%)
strokes before postoperative discharge.

The data on univariable and multivariable Cox pro-
portional hazard survival analyses in the obstructive
and nonobstructive subgroups are shown in Tables 3
and 4, respectively. In the obstructive subgroup
(Table 3), age (HR, 1.09), chronic kidney disease (HR,
1.95), history of atrial fibrillation (HR, 1.75), and rest-
ing right ventricular systolic pressure (HR, 1.16) were
associated with worse longer-term primary events (all
P<0.01), while SRT during follow-up was associated
with significantly improved primary outcomes (HR,
0.58; P<0.001). Presence of symptoms (New York
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Dotted: Age-sex matched US population
0| Yellow: Obstructive with SRT
0 Red: Obstructive without SRT
Blue: Nonobstructive
Generalized Wilcoxon statistic p-value <0.001
0

Freedom from primary composite events

0o 1 2 3 4 5 6 7 8 9 10 1
Numbers at risk
Obstructive with SRT 195 128 87 47
Obstructive without SRT 402 250 135 65
Nonobstructive 513 330 179 81

Figure 3. Kaplan-Meier survival curves demonstrating
long-term primary outcomes of the entire study sample,
compared with age-sex-matched normal US population
and separated into 3 subgroups as follows: nonobstructive,
obstructive without SRT, and obstructive with SRT.

SRT indicates septal reduction therapy.

Heart Association class Il or higher) and higher basal
septal thickness were associated with “improved” out-
comes on univariable analysis, attributable to an inter-
action with SRT, which was associated with improved
outcomes. Similarly, in the nonobstructive subgroup
(Table 4), age (HR, 1.09), chronic kidney disease (HR,
1.63), history of atrial fibrillation (HR, 1.36) and higher
LV wall thickness (HR, 2.10) were associated with pri-
mary composite events (all P<0.05). Data on the incre-
mental prognostic utility of various relevant risk factors
in the obstructive and nonobstructive subgroups are
shown in Table 5.

On multivariable competing risk survival analysis for
secondary composite end points (n=535), the findings
were similar, as shown in Table S1.

DISCUSSION

The current study describes characteristics and out-
comes of elderly patients with HCM evaluated at our
tertiary care center. As would be expected, these pa-
tients were significantly older than standard patients
with HCM, with the majority being women. There was
a high incidence of hypertension and other standard
cardiovascular risk factors. On the other hand, the vast
majority of the patients had no American College of
Cardiology/American Heart Association SCD risk fac-
tors, and the European Society of Cardiology HCM
5-year SCD risk score was low; however, almost one-
third of the patients had a history of atrial fibrillation.
All patients had a significantly increased LV mass
index, small indexed LV cavity size, and characteristic
sigmoid-shaped basal septal hypertrophy (Figure 1).
Almost two-thirds of patients had SAM of the mitral
valve, and one-half had significant dynamic LVOT
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Table 3. Cox Proportional Hazards Analysis for the Composite End Point of All-Cause Mortality and Appropriate ICD

Discharge in the Obstructive Study Sample

Obstructive Subgroup (n=597, Number of Events 283)
Univariable Multivariable
Hazard Ratio
Variable (95% CI) P Value Hazard Ratio (95% CI) P Value
Age (for every 1-y increase) 1.09 (1.07-1.11) <0.001 1.09 (1.06-1.12) <0.001
Female sex 1.20 (0.92-1.58) 0.17
History of hypertension 1.33 (0.97-1.72) 0.23
History of dyslipidemia 1.35 (0.94-1.69) 0.32
History of diabetes mellitus 1.12 (0.79-1.59) 0.52
History of chronic kidney disease 2.4 (1.59-3.12) <0.001 1.95 (1.36-2.80) <0.001
History of obstructive CAD 2.01 (1.14-3.54) 0.01 1.14 (0.61-2.12) 0.69
History of COPD 113 (0.95-2.01) 0.35
History of atrial fibrillation 1.79 (1.36-2.35) <0.001 1.75 (1.32-2.32) <0.001
Syncope 0.78 (0.54-1.10) 0.15
NYHA class | vs >II* 0.67 (0.34-0.93) <0.01 0.97 (0.68-1.23) 0.34
Family history of HCM 1.87 (0.68-5.12) 0.21
Family history of SCD 1.32(0.79-2.39) 0.34
Medical therapy for HCM 0.81 (0.60-1.10) 0.18
History of NSVT 1.31(0.79-2.16) 0.28
ESC risk score 111 (0.98-1.25) 012
Society of Thoracic Surgeons score (for 1% increase)t 1.562 (1.25-2.01) <0.001
ACC/AHA risk factors (0 vs >1) 1.21 (0.90-1.61) 0.19
LV ejection fraction 1.00 (0.99-1.01) 0.98
Maximal LV thickness* 0.89 (0.79-0.96) 0.01 1.06 (0.96-1.14) 0.29
Indexed left atrial size 1.06 (0.90-1.25) 0.46
Moderate or greater mitral regurgitation 117 (0.91-1.51) 0.20
Maximal LVOT gradient (for every 10 mm Hg increase) 1.01 (0.99-1.02) 0.26
Indexed LV mass (for every 10 g/m? increase) 1.08 (1.01-1.06) 0.03
Indexed LV end-systolic diameter (for every 10 mm/m? increase) 1.01 (0.97-1.05) 0.80
RVSP (for every 10 mm Hg increase) 1.16 (1.07-1.26) <0.001 1.14 (1.03-1.23) 0.004
Septal reduction therapy 0.50 (0.37-0.66) <0.001 0.58 (0.42-0.79) <0.001

ACC/AHA indicates American College of Cardiology/American Heart Association; CAD, coronary artery disease; COPD, chronic obstructive pulmonary
disease; ESC, European Society of Cardiology; HCM, hypertrophic cardiomyopathy; HR, hazard ratio; ICD, implantable cardioverter-defibrillator; LV, left
ventricular; LVOT, left ventricular outflow tract; NSVT, nonsustained ventricular tachycardia; NYHA, New York Heart Association; RVSP, right ventricular systolic

pressure; and SCD, sudden cardiac death.

*Maximal LV wall thickness and NYHA Class did not maintain statistical significance in the multivariable model with septal reduction therapy.
TWhen Society of Thoracic Surgeons score was replaced in the multivariable analysis instead of its various constituent elements, the findings were similar.

obstruction. Within this obstructive subgroup, one-
third of patients underwent SRT for relief of intractable
symptoms associated with dynamic LVOT obstruction,
with an in-hospital mortality rate of 2.5%. While ob-
served in-hospital mortality was higher than what was
previously described in standard (younger) patients
with HCM,%=430 it was significantly lower compared
with the mortality expected based on the average STS
score of 9.2% in the operated subgroup (which itself
was higher likely related to the advanced age of the
study sample).

Given the advanced age of the study sample, the
annualized longer-term event rate was high, at =10%/

J Am Heart Assoc. 2021;10:e018527. DOI: 10.1161/JAHA.120.018527

year in the nonobstructive subgroup (as well as the ob-
structive subgroup who did not undergo SRT during
follow-up). But the longer-term survival was significantly
better at =6%/year in the obstructive subgroup that
underwent SRT, similar to a normal age-sex—matched
US population. In the nonobstructive subgroup, higher
age, atrial fibrillation, and higher LV wall thickness (or
LV mass index) were associated with a higher propor-
tion of longer-term primary events, providing incre-
mental prognostic value. In the obstructive subgroup,
along with higher age and atrial fibrillation, higher right
ventricular systolic pressure was associated with lon-
ger-term primary events, while SRT was associated
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Table 4. Cox Proportional Hazards Analysis for the Composite End Point of All-Cause Mortality and Appropriate ICD

Discharge in the Nonobstructive Study Sample

Nonobstructive Subgroup (n=513, Number of Events 273)
Univariable Multivariable
Hazard Ratio Hazard Ratio
Variable (95% CI) P Value (95% Cl) P Value
Age (for every 1-y increase) 1.09 (1.07-1.12) <0.001 1.09 (1.07-1.12) <0.001
Female sex 1.183 (0.88-1.44) 0.32
History of hypertension 1.22 (0.94-1.58) 0.13
History of dyslipidemia 1.27 (0.89-1.75) 0.41
History of diabetes mellitus 1.07 (0.78-1.48) 0.67
History of chronic kidney disease 1.73 (1.26-2.39) <0.001 1.63 (1.19-2.25) <0.001
History of obstructive CAD 1.21 (0.78-1.88) 0.37
History of COPD 1.05 (0.89-1.94) 0.42
History of atrial fibrillation 1.48 (1.14-1.92) 0.002 1.36 (1.05-1.77) 0.02
Syncope 115 (0.91-1.61) 0.32
NYHA class | vs >lI 1.19 (1.03-1.54) 0.01 113 (1.02-1.68) 0.03
Family history of HCM 1.56 (0.60-3.29) 0.35
Family history of SCD 2.05 (0.64-6.56) 0.21
Medical therapy for HCM 0.77 (0.58-1.02) 0.06
History of NSVT 1.40 (0.52-3.79) 0.48
Society of Thoracic Surgeons score (for 1% increase)* 1.72 (1.31-2.13) <0.001
ESC risk score 1.26 (0.84-1.88) 0.34
ACC/AHA risk factors (0 vs >1) 1.57 (0.95-2.59) 0.19
LV ejection fraction 1.00 (0.99-1.01) 0.98
Maximal LV thickness 2.42 (1.67-3.53) <0.001 2.10 (1.46-3.00) <0.001
Indexed left atrial size 1.04 (0.87-1.32) 0.52
Moderate or greater mitral regurgitation 1.17 (0.87-1.58) 0.29
Maximal LVOT gradient (for every 10 mm Hg increase) 1.13 (0.98-1.13) 0.1
Indexed LV mass (for every 10 g/m? increase)’ 1.04 (1.02-1.06) 0.002
Indexed LV endsystolic diameter (for every 10 mm/m? increase) 1.01 (0.96-1.04) 0.76
RVSP (for every 10 mm Hg increase) 113 (1.02-1.25) 0.01 1.05 (0.95-1.16) 0.29

ACC/AHA indicates American College of Cardiology/American Heart Association; CAD, coronary artery disease; COPD, chronic obstructive pulmonary
disease; ESC, European Society of Cardiology; HCM, hypertrophic cardiomyopathy; HR, hazard ratio; ICD, implantable cardioverter-defibrillator; LV, left
ventricular; LVOT, left ventricular outflow tract; NSVT, nonsustained ventricular tachycardia; NYHA, New York Heart Association; RVSP, right ventricular systolic

pressure; and SCD, sudden cardiac death.

*When Society of Thoracic Surgeons score (a composite of known cardiovascular risk factors) was replaced in the multivariable analysis instead of its various

constituent elements, the findings were similar.

fWhen indexed LV mass was substituted for maximal LV wall thickness in multivariable analysis, the findings were similar.

with lower primary events (and provided incremental
prognostic value). Of note, presence of symptoms
(New York Heart Association class Il or higher) and
higher basal septal thickness were associated with
“improved” outcomes on univariable analysis, likely
attributable to the fact that such patients were more
likely to be offered SRT, which was associated with im-
proved outcomes. As the STS score is a composite of
many known risk factors associated with longer-term
mortality, a higher score was also associated with
worse longer-term outcomes in both obstructive and
nonobstructive subgroups. One can argue that the
reason for better outcomes in the SRT subgroup was
driven by selection of “lower-risk” individuals. However,

the STS score was similar in all subgroups. In the cur-
rent study, female sex and coronary artery disease did
not maintain independent significance on survival anal-
ysis. In a previous report, female sex was associated
with a higher longer-term event rate, likely because of
including a broader population of elderly and standard
patients with HCM. '

Many of the features of HCM, especially septal hy-
pertrophy, SAM, and dynamic LVOT obstruction, are
also observed in elderly patients who present with
dyspnea and exertional syncope.b'° However, it is also
recognized that these patients have a distinct morpho-
logic appearance and a potentially different clinical
course. The current large study confirms observations

J Am Heart Assoc. 2021;10:e018527. DOI: 10.1161/JAHA.120.018527 9
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Table 5. Incremental Prognostic Value of Various Predictors for Composite Primary Events
Variable Log-Likelihood Ratio Chi-Square P Value
Obstructive subgroup
Clinical (increasing age+CKD)* -1520.6
Clinical+atrial fibrillation -1510.4 20.42 <0.001
Clinical+atrial fibrillation+RVSP -1507.8 514 0.02
Clinical+atrial fibrillation+RVSP+septal reduction therapy® -1498.9 17.86 <0.001
Nonobstructive subgroup
Clinical (increasing age+NYHA class 1 vs > [I+CKD)* -1423.5
Clinical+atrial fibrillation -1418.7 9.62 0.002
Clinical+atrial fibrillation+maximal maximal LV wall thickness* -1411.2 16.23 <0.001

CKD indicates chronic kidney disease; LV, left ventricular; and NYHA, New York Heart Association.

*When Society of Thoracic Surgeons score was replaced instead of the clinical model, the findings were similar.

TMaximal LV wall thickness and NYHA class did not maintain statistical significance in the multivariable model with septal reduction therapy.
Hf LV mass index was substituted for LV wall thickness, the findings were similar.

from previous smaller reports that elderly patients with
HCM with HCM-like features tend to be predominantly
women, with a high prevalence of hypertension, small
LVOT, and a characteristic sigmoid-shaped basal sep-
tum.®=1% In addition, patients with HCM have a steeper
LV inflow to outflow (LVOT-aortic) angle, especially
with increasing age, and this angle was independently
associated with a higher dynamic LVOT gradient." It
appears that in this group of elderly patients, there
may be multiple morphologic reasons to develop
LVOT obstruction and an abnormal dynamic gradient.
While such patients appear to be at a lower risk for
HCM-related morbidity/mortality, many such patients
are often referred for SRT to treat advanced LVOT ob-
struction—related symptoms, intractable to maximally
tolerated medical therapy. Data on outcomes related
to SRT in such patients are scarce. Indeed, because
SRT provides excellent long-term survival and free-
dom from recurrent symptoms in “standard” younger
patients with HCM with severe dynamic LVOT obstruc-
tion, it would be intuitive to think that similar observa-
tions would hold true in elderly patients with HCM.2-20
The current study demonstrates that in a carefully se-
lected group of elderly patients with severely obstruc-
tive symptomatic HCM with intolerance to maximal
medical therapy, SRT is associated with a survival that
is similar to an age-sex—matched US population.

At our center, in all elderly patients with imaging
features of HCM (including dynamic LVOT obstruc-
tion), an aggressive attempt at medical therapy, in-
cluding beta-blockers and nonhydropyridine calcium
channel blockers is made with periodic up-titration
as necessary to relieve symptoms. In a small pro-
portion of patients with dynamic LVOT obstruction,
disopyramide is added for added symptom relief.
However, if the symptoms persist despite maximal
medical therapy (or if there is medication intoler-
ance and persistent symptoms), SRT is offered after

careful assessment of procedural risk. While there
are small studies on disopyramide®? and emerging
data on novel therapeutic agents that can modulate
dynamic LVOT obstruction,®® currently, there are
no large-scale studies that have demonstrated that
medical therapy is associated with a symptomatic
and potentially survival benefit in patients with symp-
tomatic LVOT obstruction. As such, SRT remains the
primary option for symptom relief and improving qual-
ity of life. As surgical myectomy provides excellent
long-term survival and freedom from symptoms,'>-'6
current guidelines give it a class | indication in pa-
tients with symptomatic obstructive HCM, intracta-
ble to maximal medical therapy.®* However, elderly
patients with HCM were not adequately represented
in the studies on which these recommendations
are based. While there are published data on ex-
cellent outcomes of ASA in higher-risk and elderly
patients, it needs to be emphasized that a success-
ful ASA requires a skillful operator to obtain optimal
results.’®2° However, any suggestion of performing
SRT in an elderly patient must be balanced against
procedural risk and overall experience of the center
at managing these complex patients. The current
study also highlights the importance of experience
in invasive management of patients with HCM with
severe LVOT obstruction.'®'” A recent analysis of the
Nationwide Inpatient Sample demonstrated a 30-day
mortality of 6% in all patients with HCM undergoing
surgical myectomy for relief of LVOT obstruction.3*
These results strongly suggest the importance of
having these procedures performed at experienced
Center8.7,9,11,17,19,20

Limitations

This was an observational study from a single tertiary
center, which could have potential selection bias. The

J Am Heart Assoc. 2021;10:e018527. DOI: 10.1161/JAHA.120.018527 10



Alashi et al

results of all testing were available to all clinicians at the
time of decision making, introducing further bias. The
current study tests only associations, not causality. In
our clinical practice, we typically do not refer elderly
patients with HCM for genetic counseling; hence, the
data are not available in the vast majority of the study
sample. Also, it is likely that the imaging features ob-
served in these patients could be a result of alternate
etiologies (eg, hypertension). However, the manage-
ment, especially of dynamic LVOT obstruction, is typi-
cally similar to younger patients with obstructive HCM.
While it was clinically excluded, it is conceivable that
some elderly patients might also have concomitant
amyloidosis that went unrecognized.®® A systematic
assessment of quality of life was not available in this
study sample and, hence, not reported. However, we
have reported those data in HCM previously.'® To truly
understand the impact of SRT versus watchful waiting
on outcomes, a large-scale prospective study would
have to be conducted in patients with HCM with severe
LVOT obstruction. However, a prospective, randomized
trial of SRT in HCM has many inherent challenges.®® In
addition, given the overall expertise involved with both
the conservative and invasive management of HCM,
our results might not be generalizable to other, lesser
experienced centers.®* Not all patients were consist-
ently followed up at our center, and it is conceivable
that there were some who were lost to follow-up, de-
spite the extensive search that we conducted using
publicly available databases. For this elderly study
sample, we chose all-cause mortality as the primary
outcome because it is more objective.3” However, the
basic results were similar if the secondary outcomes
were studied.

CONCLUSIONS

In a large group of elderly patients with HCM evalu-
ated at our center, we demonstrate that they were
more likely to have traditional cardiovascular risk fac-
tors, as opposed to American College of Cardiology/
American Heart Association HCM SCD risk factors
with a low European Society of Cardiology HCM
5-year SCD risk score. In the study, one-half of the
patients had significant dynamic LVOT obstruction,
while one-third of those underwent SRT for relief
of intractable symptoms with a low observed (ver-
sus expected) in-hospital mortality, despite their
advanced age. The longer-term outcomes of the
obstructive SRT subgroup were similar to a normal
age-sex—matched US population. However, the out-
comes of the obstructive subgroup who did not un-
dergo SRT and the nonobstructive subgroups were
much worse than normal age-sex—matched US pop-
ulation. These findings need additional validation.
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Supplemental Material



Table S1. Multivariable competing risks survival analysis for the secondary composite
endpoint of mortality (excluding documented noncardiac deaths) and appropriate ICD

discharge.

Obstructive subgroup (n=597, number of events=273)

Variable subHazard ratio [95% CI] | p-value

Age (for every 1-year increase) 1.07[1.04-1.13] <0.001

History of chronic kidney disease 1.90 [1.34-2.72] <0.001

History of atrial fibrillation 1.79 [1.33-2.27] <0.001

Right ventricular systolic pressure 1.14 [1.04-1.24] <0.001

(for every 10 mm Hg increase)
Septal reduction therapy 0.54 [0.41-0.81] <0.001
Nonobstructive group (n=513, number of events=262)

Age (for every 1-year increase) 1.06 [1.03-1.13] <0.001

History of chronic kidney disease 1.61[1.20-2.31] <0.001
History of atrial fibrillation 1.38 [1.08-1.82] <0.01
NYHA Class I vs. > 11 1.13 [1.02-1.68] 0.03

Maximal left ventricular thickness 2.12 [1.41-3.12] <0.001




