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ABSTRACT

Introduction: There is limited evidence on
therapies for obstructive hypertrophic car-
diomyopathy (HCM), and data regarding treat-
ment patterns and cost are scarce. This study
assessed treatment patterns and economic out-
comes in patients with symptomatic obstructive
HCM.

Methods: Adults with symptomatic obstructive
HCM as per study design and treated with
pharmacotherapies [beta blockers (BBs), cal-
cium channel blockers (CCBs), BB ? CCB, or
disopyramide] or procedures (septal reduction
therapy, heart transplantation, implantable car-
dioverter-defibrillator, and pacemaker implan-
tation) were identified from the IBM�
MarketScan� Commercial and Medicare Sup-
plemental database (January 2009—March
2019). Patients had 12-month continuous eli-
gibility before and after (study period) treat-
ment initiation (index treatment). Healthcare
resource utilization (HRU), costs, and treatment
changes were assessed.
Results: Of the 4883 patients included in the
analysis, 85% received pharmacotherapies (BB
52.5%; CCB 11.7%; BB ? CCB 17.7%; disopy-
ramide 2.4%) and 15.7% underwent procedures.
During the study period, 38, 34, and 100% of all
patients had C 1 inpatient stay, emergency
room (ER) visit, and outpatient visit, respec-
tively; mean total healthcare costs were
US$53,053. Patients undergoing procedures had
the highest HRU and costs across groups.
Among patients receiving pharmacotherapies,
HRU was lowest with BBs and highest with
disopyramide. Treatment changes were
observed in 43.8% of patients receiving
pharmacotherapies.
Conclusions: Patients experienced high rates of
treatment changes, and the economic burden
associated with symptomatic obstructive HCM
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increased as therapy escalated. More effective
therapies are needed to stabilize or decrease the
economic burden of obstructive HCM.

Keywords: Healthcare costs; Healthcare
resource utilization; Obstructive hypertrophic
cardiomyopathy; Treatment change

Key Summary Points

Why carry out this study?

There is limited evidence on therapies for
obstructive hypertrophic cardiomyopathy
(HCM), and data regarding treatment
patterns and cost are scarce.

What was learned from the study?

The study suggests substantial economic
burden associated with existing treatments
of symptomatic obstructive HCM,
particularly among patients whose
symptoms cannot be effectively controlled
by beta blocker or calcium channel blocker
monotherapy and require escalating
therapy.

The high rate of treatment change might be
due to suboptimal outcomes and/or
dissatisfaction with current therapy.

Novel effective therapies are needed to
improve patient outcomes and reduce the
burden of symptomatic obstructive HCM,
especially as symptoms and disease progress.

INTRODUCTION

Hypertrophic cardiomyopathy (HCM) is a pri-
mary myocardial disorder defined by left ven-
tricular (LV) hypertrophy that cannot be
explained by another cardiac or systemic dis-
ease [1, 2]. HCM can be caused by pathogenic
variation in genes encoding the cardiac sar-
comere. HCM has two subtypes: nonobstructive
HCM and obstructive HCM. In obstructive
HCM, the thickened septum may cause a

dynamic narrowing that can block or reduce the
blood flow from the left ventricle to the aorta
[LV outflow tract (LVOT)]. The estimated
prevalence of HCM is 0.2–0.5% of the adult
population globally [1–7]. Obstructive HCM,
clinically defined as a resting or provoked peak
dynamic LV outflow gradient of at least
30 mmHg, occurs in up to approximately 70%
of patients with HCM [8].

Two previous studies reported the propor-
tion of patients with symptoms in obstructive
HCM populations [9, 10]. Maron et al. reported
that 61% of patients with obstructive HCMwere
symptomatic, as indicated by having a New
York Heart Association (NYHA) class greater
than I, whereas Lu et al. reported that 49% of
patients with obstructive HCM were symp-
tomatic [9, 10]. Common symptoms include
fatigue, chest pain, dyspnea, palpitations,
dizziness, and syncope [11, 12], which may
substantially impair quality of life, including
physical and mental well-being [13–16]. Fur-
thermore, patients with obstructive HCM are
likely to experience increased risks of down-
stream cardiovascular conditions, such as heart
failure (HF), atrial fibrillation/flutter, and sud-
den cardiac death [4]. In addition to the disease
burden experienced by patients, symptomatic
obstructive HCM is associated with a consider-
able economic burden. A large US claims study
estimated that the annual healthcare costs
of symptomatic obstructive HCM was
[US$43,000 per patient (2019 US dollars) and
that 38% of patients experienced at least one
hospitalization during the first year of diagnosis
[17]. These results translated to US$36,000
higher annual healthcare costs and substantial
increases in healthcare resource utilization
(HRU) for patients with symptomatic obstruc-
tive HCM compared with matched controls
without cardiomyopathy.

There are no approved pharmacotherapies
that address the underlying pathophysiology of
the disease. Beta blockers (BBs) or non-dihy-
dropyridine calcium channel blockers (CCBs)
are recommended in US guidelines as the first-
line pharmacological treatment to control
obstructive HCM-related symptoms [1, 2].
Combination therapy with a BB and a CCB
(BB ? CCB) can be used in patients who have
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concomitant conditions such as hypertension,
or if the side-effect profile of one agent at high
dose is intolerable [2]. The addition of disopy-
ramide is recommended as an advanced phar-
macotherapy if severe symptomatic obstruction
remains despite treatment with BBs and/or
CCBs, or when the disease is complicated by
atrial fibrillation [1, 4]. However, there is lim-
ited evidence supporting the effectiveness of
these pharmacotherapies in obstructive HCM,
and there is some evidence that disopyramide
may lose its efficacy over time [5]. Septal
reduction therapy (SRT) with surgical septal
myectomy or catheter-based alcohol septal
ablation is recommended for relieving LVOT
obstruction in eligible patients who remain
severely symptomatic despite guideline-directed
management and therapy [2]. The success of
SRT largely depends on the local expertise and
experience of the treatment center [18–20]. In
addition, placement of an implantable car-
dioverter-defibrillator is recommended in
patients with a history of cardiac arrest or with
sustained ventricular tachycardia and should be
offered to adult patients with HCM and at least
one risk factor for sudden cardiac death [2].
Furthermore, intentional right ventricular pac-
ing may be considered in patients with
obstructive HCM who have drug-refractory
symptoms and who are not eligible for alcohol
septal ablation or septal myectomy [21]. Finally,
heart transplantation assessment is indicated in
patients with advanced-stage disease and no
alternative treatment options [2].

The lack of response to pharmacotherapies
in some patients with symptomatic obstructive
HCM may lead to invasive procedures that in
turn might result in increased HRU and cost.
Existing studies investigating the effectiveness
of obstructive HCM treatments have generally
focused on the outcomes associated with a sin-
gle treatment or procedure. For example, results
from a study among patients with HCM
undergoing SRT (septal myectomy and alcohol
septal ablation) indicated that the median
length of inpatient stay was 7–8 days for septal
myectomy and 3–4 days for alcohol septal
ablation, with median hospitalization costs of
US$146,778–162,203 for septal myectomy and
US$62,340–84,041 for alcohol septal ablation,

depending on the hospital volume [18]. How-
ever, there is limited understanding of the bur-
den associated with the overall treatment
landscape in symptomatic obstructive HCM,
including pharmacotherapies and surgical,
interventional, or medical procedures.

The present study aimed to fill this knowl-
edge gap by generating real-world evidence on
HRU, healthcare costs, and treatment changes
among patients with symptomatic obstructive
HCM who were treated with either pharma-
cotherapies or procedures.

METHODS

Study Design and Data Source

This retrospective observational study used
healthcare claims data from the IBM� Mar-
ketScan� Commercial and Medicare Supple-
mental database from January 2009 to March
2019. This database includes the medical and
pharmacy claims of insured employees and
their dependents covered by health benefits
programs of large employers across the USA, as
well as Medicare-eligible retirees with employer-
provided Medicare Supplemental plans [22].
Available data include demographics, comor-
bidities, claims, clinical visits, and costs (asses-
sed from the commercial payer’s perspective).
Institutional Review Board approval was not
required as the patient data were de-identified.
This article is based on information from an
existing database and does not contain any new
studies with human participants or animals
performed by any of the authors.

Sample Selection

Patients with obstructive HCM were identified
as those meeting one of the following criteria:
(1) at least one medical claim with an Interna-
tional Classification of Diseases, Ninth/Tenth
Revision, Clinical Modification (ICD-9/10-CM)
diagnosis code for obstructive HCM (ICD-9-CM:
425.11; ICD-10-CM: I42.1) and another medical
claim with a diagnosis code for HCM (ICD-9-
CM: 425.1; ICD-10-CM: I42.1 or I42.2) that
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were at least 30 days apart; or (2) at least one
medical claim with a diagnosis code for HCM
and another claim on a different date for SRT,
including alcohol septal ablation and septal
myectomy. Patients were excluded if they had a
claim with a diagnosis code for Fabry disease or
amyloidosis at any time.

To be considered as ‘‘treated,’’ patients were
required to receive at least one treatment for
obstructive HCM on or after the first observed
HCM diagnosis or undergo SRT at any time. In
addition to SRT, the treatments considered in
this study included BB, CCB, disopyramide,
implantable cardioverter-defibrillator, heart
transplant, and pacemaker (without brad-
yarrhythmia). The initiation date of a pharma-
cotherapy or the date of a procedure was
defined as a potential index date. Patients were
required to be aged C 18 years at the index date
and have 12 months of continuous eligibility
before and after the index date (baseline and
study periods, respectively, with a total evalua-
tion time of 24 months). The first date that
satisfied the study criteria was defined as the
index date (Fig. 1a). Treatment initiated on the
index date was defined as index treatment.

In this study, the definition of symptomatic
obstructive HCM was based on claims data or
coding and not on NYHA class or clinical defi-
nitions. Patients with obstructive HCM were
classified as symptomatic if they met the fol-
lowing criteria: (1) had a medical claim for
fatigue, chest pain, syncope, dyspnea, or palpi-
tations during the baseline period; (2) had a
medical claim for HF at any time prior to the
index date; or (3) received pacemaker implan-
tation or SRT as the index treatment. Patients
who underwent pacemaker implantation or an
SRT procedure during the baseline period but
not as the index treatment were not considered
symptomatic, because their symptoms might be
controlled after treatment, and were excluded
from the study.

Treated patients with symptomatic obstruc-
tive HCM were classified into five groups based
on their index treatment: BB alone (without
CCB or disopyramide), CCB alone (without BB
or disopyramide), BB ? CCB (without disopy-
ramide), disopyramide (monotherapy or com-
bination therapy with BB and/or CCB), and

procedure (SRT, implantable cardioverter-defib-
rillator implantation, heart transplantation, or
pacemaker implantation). Patients could be
simultaneously classified in a pharmacotherapy
group and the procedure group.

Patient Characteristics and Study
Outcomes

Patient demographics and comorbidities,
including all components of the Charlson
Comorbidity Index [23, 24] and selected cardiac
comorbidities, were assessed during the baseline
period. All-cause HRU, including inpatient
stays, outpatient visits, and emergency room
(ER) visits, was assessed during the study period.
For each type of HRU, the proportion of
patients with any HRU, as well as the frequency
of HRU, was measured. The number of inpatient
days per patient was also estimated. All-cause
healthcare costs, including pharmacy and
medical care costs, were assessed during the
study period. Costs were based on reimburse-
ments paid by commercial health plans and did
not include co-pays or other cost-sharing
arrangements. All costs were inflated to 2020 US
dollars using the Medical Care Component of
the Consumer Price Index by the US Bureau of
Labor Statistics. Patient characteristics, HRU,
and healthcare costs were assessed in the overall
population of patients with symptomatic
obstructive HCM and stratified by index treat-
ment group.

For the pharmacotherapy groups, the times
from the index date to the first SRT, HCM-re-
lated inpatient admission, and HCM-related ER
visit, as well as changes to the index treatment,
were assessed. HCM-related inpatient admis-
sions and ER visits were identified as claims
associated with a diagnosis for HCM regardless
of the primary reason for admission. Treatment
changes included discontinuation (stopping a
treatment for at least 60 days), switching, and
augmentation. Treatment switching was
defined as: (1) initiating a new class of phar-
macological treatment at least 30 days after the
index date with an overlap in prescription fills
between the index treatment and the new
treatment of\ 30 days; or (2) stopping at least
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one treatment in a combination therapy for at
least 60 days while the rest of the treatments in
the combination therapy continued for at least
30 days (Fig. 1b). Treatment augmentation was
defined as the initiation of a new treatment at
least 30 days after the index date with an over-
lap in prescription fills between the index
treatment and the new treatment of at least
30 days.

Statistical Methods

Continuous variables were described by means
and standard deviations (SDs), and categorical
variables were described by counts and propor-
tions. Time-to-event outcomes were estimated
using Kaplan–Meier analysis, with event rates
reported at different time points. For the anal-
ysis of treatment discontinuation, patients
without an event were censored at 60 days prior

Fig. 1 Definition of index date (a) and treatment changes (b). HCM Hypertrophic cardiomyopathy
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to the end of the study period. For the analysis
of switching and augmentation, patients with-
out an event were censored at the date when a
new treatment was initiated within 30 days of
the end of the study period or at the end of the
study period if no new treatment was detected.
For the analysis of time to first SRT, HCM-re-
lated inpatient admission, and HCM-related ER
visit, patients without an event were censored at
the end of the study period. Analyses were
performed using SAS version 9.4 (SAS Institute,
Cary, NC, USA) and R-3.6.3 software (R Foun-
dation for Statistical Computing, Vienna,
Austria).

RESULTS

Patient Population

Of 7847 treated patients with obstructive HCM
identified in the claims database (January
2009–March 2019), 4883 (62.2%) were classified
as symptomatic per our study definition (Fig. 2).
The most common obstructive HCM symptom
was dyspnea (54.8%), followed by fatigue
(26.4%), palpitations (26.3%), syncope (15.6%),
and chest pain (12.0%). Among the study

sample, 35.6% of patients had a claims code for
HF prior to the index date and 8.5% underwent
SRT or pacemaker implantation at the index
date (Fig. 3). The most common pharma-
cotherapy index treatment was BB [n = 3431
(70.2%)] as monotherapy [n = 2565 (52.5%)] or
combination therapy [n = 866 (17.7%)], fol-
lowed by CCB (n = 1457 (29.4%)] as
monotherapy [n = 571 (11.7%)] or combination
therapy [n = 866 (17.7%)] and disopyramide
[n = 119 (2.4%)]. In total, 765 patients (15.7%)
underwent procedures as the index treatment:
implantable cardioverter-defibrillator implanta-
tion [412 (53.9%)], SRT [364 (47.6%)], pace-
maker implantation [51 (6.7%)], and heart
transplantation [11 (1.4%)] (Fig. 4).

The demographics and baseline comorbidi-
ties of the cohort of patients classified as having
symptomatic obstructive HCM, grouped by
index treatment, are summarized in Table 1. In
this cohort, 47.6% were women, the mean (SD)
age was 58 (± 14) years, and the mean (SD)
Charlson Comorbidity Index at baseline was 1.8
(± 1.7). The proportion of women was numer-
ically lower in the procedure (39.7%) and BB
alone (46.4%) groups than in the other groups
(52.7–54.6%). Hypertension was the most
common cardiovascular comorbidity (69.4%),

Fig. 2 Sample selection. aIndex date is the initiation date of a pharmacotherapy or date of procedure for HCM. SRT Septal
reduction therapy
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followed by congestive HF (51.9%), coronary
artery disease (38.1%), HF (26.2%), atrial

fibrillation/flutter (24.1%), and bradyarrhyth-
mia (18.2%).

Fig. 3 Frequency of symptoms, conditions, and procedures in treated patients with symptomatic obstructive hypertrophic
cardiomyopathy at any time before the start of the study

Fig. 4 Distribution of index treatment among treated
patients with symptomatic obstructive hypertrophic car-
diomyopathy. a ‘‘Other’’ included heart transplantation and

pacemaker implantation. BB Beta blocker, CCB calcium
channel blocker, ICD implantable cardioverter-defibrillator
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Table 1 Demographics and baseline clinical characteristics

Demographics and baseline
clinical characteristics

Symptomatic
obstructive
HCMa

(N = 4883)

Index treatment groups

BB alone
(n = 2565)

CCB alone
(n = 571)

BB 1 CCB
(n = 866)

Disopyramide
(n = 119)

Procedure
(n = 765)

Demographics

Age at the index date

(years), mean ± SD

58 ± 14 58 ± 15 60 ± 14 62 ± 13 57 ± 12 55 ± 13

Female sex, n (%) 2324 (47.6) 1191 (46.4) 310 (54.3) 456 (52.7) 65 (54.6) 304 (39.7)

Symptoms, n (%)

Dyspnea 2675 (54.8) 1382 (53.9) 341 (59.7) 517 (59.7) 73 (61.3) 364 (47.6)

Fatigue 1289 (26.4) 684 (26.7) 171 (29.9) 234 (27.0) 33 (27.7) 168 (22.0)

Palpitations 1285 (26.3) 701 (27.3) 149 (26.1) 214 (24.7) 35 (29.4) 186 (24.3)

Syncope 763 (15.6) 410 (16.0) 82 (14.4) 110 (12.7) 17 (14.3) 145 (19.0)

Chest pain 588 (12.0) 320 (12.5) 71 (12.4) 129 (14.9) 9 (7.6) 59 (7.7)

Cardiovascular comorbidities, n (%)

Hypertension 3387 (69.4) 1686 (65.7) 430 (75.3) 738 (85.2) 75 (63.0) 460 (60.1)

Coronary artery disease 1859 (38.1) 953 (37.2) 176 (30.8) 362 (41.8) 43 (36.1) 326 (42.6)

Heart failure 1280 (26.2) 672 (26.2) 100 (17.5) 247 (28.5) 29 (24.4) 233 (30.5)

Atrial fibrillation/flutter 1178 (24.1) 521 (20.3) 102 (17.9) 226 (26.1) 49 (41.2) 282 (36.9)

Bradyarrhythmia 887 (18.2) 416 (16.2) 94 (16.5) 153 (17.7) 21 (17.6) 205 (26.8)

Charlson comorbidity index

Mean ± SD 1.8 ± 1.7 1.7 ± 1.7 1.6 ± 1.7 2.0 ± 1.7 1.8 ± 1.5 1.9 ± 1.5

Median (IQR) 2.0 (0, 3.0) 2.0 (0, 2.0) 2.0 (0, 3.0) 2.0 (1.0, 13.0) 2.0 (0, 2.0) 2.0 (0, 3.0)

Charlson comorbidity index components, n (%)

Congestive heart failure 2536 (51.9) 1292 (50.4) 222 (38.9) 469 (54.2) 71 (59.7) 483 (63.1)

Chronic pulmonary disease 1125 (23.0) 540 (21.1) 186 (32.6) 227 (26.2) 22 (18.5) 152 (19.9)

Diabetes without chronic

complications

807 (16.5) 418 (16.3) 84 (14.7) 175 (20.2) 16 (13.4) 114 (14.9)

Peripheral vascular disease 655 (13.4) 331 (12.9) 65 (11.4) 144 (16.6) 14 (11.8) 101 (13.2)

Cerebrovascular disease 628 (12.9) 302 (11.8) 75 (13.1) 136 (15.7) 14 (11.8) 101 (13.2)

Myocardial infarction 436 (8.9) 224 (8.7) 37 (6.5) 84 (9.7) 11 (9.2) 80 (10.5)

Renal disease 375 (7.7) 164 (6.4) 43 (7.5) 107 (12.4) 8 (6.7) 54 (7.1)

Any malignancy, including

leukemia and lymphoma

353 (7.2) 173 (6.7) 50 (8.8) 81 (9.4) 8 (6.7) 41 (5.4)
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Resource Utilization and Healthcare Costs

HRU and healthcare costs for patients with
symptomatic obstructive HCM overall and by
index treatment during the study period are
summarized in Table 2 and Fig. 5. Within the
study cohort, 37.9% of patients had at least one
inpatient admission; the mean (SD) number of
inpatient admissions was 0.6 (± 1.0) per
patient, with a mean (SD) of 3.7 (± 11.5) days
spent in hospital. The BB group had the lowest
number of inpatient admissions per patient [0.4
(SD ± 0.8)], followed by the CCB [0.5 (SD ±

1.0)], BB ? CCB [0.6 (SD ± 1.0)], disopyramide
[0.6 (SD ± 0.9)], and procedure (1.2 (SD ± 1.2)]
groups. Similarly, the BB group had the lowest
number of days in hospital [2.5 (SD ± 7.0)],

followed by the CCB [3.2 (SD ± 10.5)], BB ?

CCB [3.4 (SD ± 9.6)], disopyramide [4.3 (SD ±

12.1)], and procedure [8.7 (SD ± 21.0)] groups.
In the study cohort, 33.8% had at least one ER
visit; the mean (SD) number of ER visits was 0.7
(± 1.5) per patient. The proportion of patients
with an ER visit was higher in the disopyramide
group (41.2%) than in the other index treat-
ment groups (BB ? CCB 37.1%; CCB 35.9%;
procedure 35.2%; BB 31.5%). The mean number
of ER visits per patient was similar across the
index treatment groups. Regardless of the index
treatment, most patients had an outpatient visit
during the study period. In the study cohort,
99.7% had at least one outpatient visit, with a
mean (SD) of 26.5 (± 23.1) outpatient visits per
patient. The number of outpatient visits [mean

Table 1 continued

Demographics and baseline
clinical characteristics

Symptomatic
obstructive
HCMa

(N = 4883)

Index treatment groups

BB alone
(n = 2565)

CCB alone
(n = 571)

BB 1 CCB
(n = 866)

Disopyramide
(n = 119)

Procedure
(n = 765)

Diabetes with chronic

complications

293 (6.0) 137 (5.3) 32 (5.6) 77 (8.9) 5 (4.2) 42 (5.5)

Mild liver disease 263 (5.4) 150 (5.8) 31 (5.4) 43 (5.0) 9 (7.6) 30 (3.9)

Rheumatological disease 160 (3.3) 81 (3.2) 13 (2.3) 41 (4.7) 2 (1.7) 23 (3.0)

Peptic ulcer disease 78 (1.6) 39 (1.5) 8 (1.4) 18 (2.1) 5 (4.2) 8 (1.0)

Hemiplegia or paraplegia 42 (0.9) 17 (0.7) 5 (0.9) 13 (1.5) 1 (0.8) 6 (0.8)

Dementia 42 (0.9) 25 (1.0) 3 (0.5) 9 (1.0) 1 (0.8) 4 (0.5)

Metastatic solid tumor 36 (0.7) 20 (0.8) 4 (0.7) 9 (1.0) 0 (0.0) 3 (0.4)

Moderate or severe liver

disease

15 (0.3) 13 (0.5) 0 (0.0) 2 (0.2) 0 (0.0) 0 (0.0)

AIDS/HIV 8 (0.2) 5 (0.2) 2 (0.4) 0 (0.0) 0 (0.0) 1 (0.1)

Procedure, n (%)

Implantable cardioverter-

defibrillator

125 (2.6) 59 (2.3) 6 (1.1) 25 (2.9) 2 (1.7) 33 (4.3)

AIDS Acquired immunodeficiency syndrome, BB beta blocker, CCB calcium channel blocker, HCM hypertrophic car-
diomyopathy, HIV human immunodeficiency virus, IQR interquartile range, SD standard deviation
aPatients with obstructive HCM were classified as symptomatic if they met the following criteria: (1) had a medical claim
for fatigue, chest pain, syncope, dyspnea, or palpitations during the baseline period; (2) had a medical claim for heart failure
at any time prior to the index date; or (3) received pacemaker implantation or septal reduction therapy as the index
treatment
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(SD)] per patient was highest in the procedure
group [30.4 (± 26.1)], followed by the disopy-
ramide [28.2 (± 21.6)], BB ? CCB [27.6
(± 20.8)], CCB alone [27.6 (± 26.3)], and BB
alone [24.6 (± 22.0)] groups.

During the study period, the study cohort
incurred US$53,053 (SD ± US$128,016) per
patient in healthcare costs. Healthcare costs
were primarily driven by inpatient costs, fol-
lowed by outpatient costs. Across all index

treatment groups, total healthcare costs [mean
(SD)] per patient were highest for the procedure
group [US$137,260 (± US$230,218)]; however,
among the pharmacotherapy groups, the
disopyramide group had the highest total
healthcare costs per patient [US$53,473
(± US$118,786)]. The remaining treatment
groups, including the BB, CCB, and BB ? CCB
groups, had similar mean (SD) healthcare costs
per patient: US$37,241 (± US$92,916),

Table 2 All-cause healthcare resource utilization during the study period

All-cause
healthcare resource
utilization

Symptomatic
Obstructive
HCMa

(N = 4883)

Index treatment groups

BB alone
(n = 2565)

CCB alone
(n = 571)

BB 1 CCB
(n = 866)

Disopyramide
(n = 119)

Procedure
(n = 765)

All-cause IP admissions

Any IP admission, n (%) 1851 (37.9) 742 (28.9) 175 (30.6) 318 (36.7) 48 (40.3) 569 (74.4)

Number of IP admissions

Mean ± SD 0.6 ± 1.0 0.4 ± 0.8 0.5 ± 1.0 0.6 ± 1.0 0.6 ± 0.9 1.2 ± 1.2

Median (IQR) 0 (0, 1) 0 (0, 1) 0 (0, 1) 0 (0, 1) 0 (0, 1) 0 (0, 1)

Number of IP days

Mean ± SD 3.7 ± 11.5 2.5 ± 7.0 3.2 ± 10.5 3.4 ± 9.6 4.3 ± 12.1 8.7 ± 21.0

Median (IQR) 0 (0, 4) 0 (0, 2) 0 (0, 2) 0 (0, 4) 0 (0, 4) 0 (0, 8)

All-cause ER visits

Any ER visit, n (%) 1651 (33.8) 807 (31.5) 205 (35.9) 321 (37.1) 49 (41.2) 269 (35.2)

Number of ER visits

Mean ± SD 0.7 ± 1.5 0.6 ± 1.5 0.7 ± 1.3 0.8 ± 1.5 0.8 ± 1.5 0.7 ± 1.6

Median (IQR) 0 (0, 1) 0 (0, 1) 0 (0, 1) 0 (0, 1) 0 (0, 1) 0 (0, 1)

All-cause OP visits

Any OP visit, n (%) 4870 (99.7) 2558 (99.7) 569 (99.6) 865 (99.9) 118 (99.2) 763 (99.7)

Number of OP visits

Mean ± SD 26.5 ± 23.1 24.6 ± 22.0 27.6 ± 26.3 27.6 ± 20.8 28.2 ± 21.6 30.4 ± 26.1

Median (IQR) 21 (12, 35) 19 (11, 32) 21 (11, 38) 22 (13, 36) 22 (11, 42) 24 (14, 39)

ER Emergency room, IP inpatient, OP outpatient
aPatients with obstructive HCM were classified as symptomatic if they met the following criteria: (1) had a medical claim
for fatigue, chest pain, syncope, dyspnea, or palpitations during the baseline period; (2) had a medical claim for heart failure
at any time prior to the index date; or (3) received pacemaker implantation or septal reduction therapy as the index
treatment
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US$37,263 (± US$89,680), and US$35,781
(± US$73,442), respectively.

The Kaplan–Meier curves for the times from
the index date to the first HCM-related inpa-
tient visit and HCM-related ER visit, and SRT are
shown in Fig. 6. Patients in the disopyramide
group were most likely to undergo SRT within
1 year of initiation of treatment (12.6%), fol-
lowed by those in the BB ? CCB (6.9%), CCB
alone (5.8%), and BB alone (5.0%) groups.
Similar trends were observed for times to first
HCM-related inpatient admission and first
HCM-related ER visit.

Index Treatment Changes

Changes to the index treatment are summarized
in Table 3 and Fig. 7. During the study period,
1807 patients (43.8%) in the cohort that
received pharmacotherapy had a treatment
modification, with 1481 (35.9%) discontinuing
the index treatment, including 516 (12.5%)
who switched to a different treatment regimen,
and 326 (7.9%) adding a new class of treatment
to the index treatment (augmentation). The
mean (SD) adherence to the index pharma-
cotherapy was 74.0% (± 31.2%).

The disopyramide group had the highest rate
of any treatment changes (56.3%), followed by

Fig. 5 All-cause healthcare costs during the study period. ER Emergency room, IP inpatient, OP outpatient
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Fig. 6 Kaplan–Meier analysis of time to the first HCM-
related healthcare resource utilization among patients with
symptomatic obstructive HCM who received a

pharmacotherapy as the index treatment. aOne patient
underwent SRT on the index date
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the CCB alone (53.6%), BB ? CCB (47.5%), and
BB alone (39.9%) groups. Among patients with
any index treatment changes, the mean time
from the index date to the first index treatment
change was consistent: approximately 4 (me-
dian: 3) months across the index treatment
groups.

DISCUSSION

This study used a large database of insurance
claims to evaluate the economic burden and
treatment patterns associated with existing
treatments for symptomatic obstructive HCM.
Based on our study design definition, almost
two-thirds of patients with obstructive HCM in
this study were classified as symptomatic. Of
these, 64% were treated with BB or CCB
monotherapy, and the remaining patients were
treated with escalating therapies, such as

combination BB ? CCB therapy, disopyramide,
and procedures.

Ideally, treatments for symptomatic disease
would stabilize or reduce the economic and
clinical burden to patients and the healthcare
system. Despite escalating treatment, however,
patients with symptomatic obstructive HCM
incurred considerable HRU and healthcare
costs. More specifically, within the 1 year fol-
lowing index treatment initiation, these
patients incurred over US$53,000 in healthcare
costs on average, and more than one-third
experienced at least one inpatient admission or
ER visit. The HRU and costs incurred by treated
patients classified as having symptomatic
obstructive HCM in the present cohort were
generally higher than those of patients with
other cardiovascular diseases, including
atherosclerotic cardiovascular disease, coronary
artery disease with angina, and a history of
myocardial infarction [25–27]. For example,

Table 3 Index treatment changes during the study period

Index treatment
changes

Symptomatic obstructive
HCMa

received any
pharmacotherapy
as the index treatment
(N = 4121)

Index treatment groups

BB alone
(n = 2565)

CCB alone
(n = 866)

BB 1 CCB
(n = 571)

Disopyramide
(n = 119)

First change to the index treatment, n (%)

Any change 1807 (43.8) 1023 (39.9) 411 (47.5) 306 (53.6) 67 (56.3)

Index treatment

discontinuation

1481 (35.9) 821 (32.0) 399 (46.1) 206 (36.1) 55 (46.2)

Switching 516 (12.5) 61 (2.4) 346 (40.0) 57 (10.0) 52 (43.7)

Augmentation 326 (7.9) 202 (7.9) 12 (1.4) 100 (17.5) 12 (10.1)

Time from the index date to the first treatment change among patients with at least one treatment change during the

12-month study period (months)

Mean ± SD 4.0 ± 2.7 4.0 ± 2.7 4.1 ± 2.6 3.7 ± 2.8 4.3 ± 3.1

Median (IQR) 3.0 (1.6, 5.9) 3.0 (1.7, 5.9) 3.5 (1.9, 6.0) 3.0 (1.2, 5.6) 3.2 (1.2, 6.6)

aPatients with obstructive HCM were classified as symptomatic if they met the following criteria: (1) had a medical claim
for fatigue, chest pain, syncope, dyspnea, or palpitations during the baseline period; (2) had a medical claim for heart failure
at any time prior to the index date; or (3) received pacemaker implantation or septal reduction therapy as the index
treatment
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Fig. 7 Kaplan–Meier analysis of time to treatment changes among patients with symptomatic obstructive hypertrophic
cardiomyopathy who received a pharmacotherapy as the index treatment. CI confidence interval
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Zhao et al. used a US employer-based claims
database (2007–2011) to estimate HRU and
healthcare costs during the first and second
years following a diagnosis of coronary artery
disease with diabetes, acute coronary syn-
dromes, cerebrovascular atherosclerotic disease,
or peripheral arterial disease among patients
with high-risk atherosclerotic cardiovascular
disease [25]. In that sample, 22.7% of patients
had inpatient admissions, 33.4% had ER visits,
and the annual mean total all-cause healthcare
costs were approximately US$19,000 within
1 year of follow-up. In addition, prior research
has suggested that treatments for patients clas-
sified as having symptomatic obstructive HCM
did not reduce HRU or costs. Jain et al., using
the same database as this study but with a dif-
ferent design and cohorts, evaluated the eco-
nomic burden of symptomatic obstructive HCM
among treated and untreated patients [17]. The
study showed the same hospitalization rate and
frequency as our study, with a 1-year hospital-
ization rate of 38% and a mean of 3.7 inpatient
days per patient-year. The annual healthcare
costs were estimated at US$43,586 among trea-
ted and untreated patients, almost US$10,000
lower than the healthcare costs in treated
patients in our study. Although the two studies
are not directly comparable owing to differ-
ences in the cohorts included, the results sug-
gest that HRU and costs remain elevated despite
current treatments for symptomatic obstructive
HCM.

The present results suggest that the eco-
nomic burden increased as patients progressed
through escalating lines of therapies. For
example, patients treated with disopyramide or
procedures incurred 1.4- and 3.7-fold higher
healthcare costs, respectively, than those trea-
ted with BBs and/or CCBs. Escalating pharma-
cological therapies did not appear to reduce
disease burden. Both the BB ? CCB and
disopyramide groups had higher HRU across all
types than patients in the BB or CCB
monotherapy groups. Procedures may reduce
symptom burden if performed at experienced
treatment centers [18–20]. However, they are
associated with high treatment costs related to
the procedure itself.

In addition to the high economic burden,
this study also showed that treatment adher-
ence was a challenge for almost half of the
patients with symptomatic obstructive HCM.
Prior research on treatment patterns for symp-
tomatic obstructive HCM is limited. A single-
center study reported that 58% and 4% of those
with symptomatic HCM were treated with BB
monotherapy and disopyramide, respectively
[28], which is similar to our findings. An eval-
uation of treatment change for symptomatic
obstructive HCM can lead to improved under-
standing of the burden associated with phar-
macological treatments. Our results indicated
that approximately one-third of patients in the
BB alone group, over one-third of patients in
the CCB alone group, and almost half of
patients in the BB ? CCB group and the
disopyramide group discontinued the index
treatment, potentially suggesting poor effec-
tiveness at controlling HCM symptoms and/or
limited tolerability. In addition, approximately
8% of patients in the study population aug-
mented their treatment, which again may
indicate a lack of effectiveness of the current
pharmacotherapies at controlling symptoms in
obstructive HCM. Previous literature has con-
firmed that a low adherence is associated with
poor effectiveness among patients with cardio-
vascular diseases [29, 30]. The high rate of
treatment change observed in the current study
demonstrated the unmet medical need associ-
ated with symptomatic obstructive HCM.

Despite this clear unmet treatment need, the
burden of obstructive HCM is not fully under-
stood. Most prior studies on the burden related
to treatments for obstructive HCM have focused
on economic outcomes following a specific
procedure. For example, Sun et al. assessed the
2-year post-procedural HRU and healthcare
costs associated with SRT and estimated the
hospital readmission rate to be 40% and median
annual healthcare costs to be close to
US$20,000 [31]. The current study, using a large
US claims database, includes both pharmaco-
logical treatments and procedures, which
enhances our understanding of the overall
treatment pattern in patients with symptomatic
obstructive HCM, as well as the economic bur-
den among treated patients. The findings show
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that symptomatic obstructive HCM, even with
escalating therapies, poses an increasing eco-
nomic burden on patients and healthcare sys-
tems, indicating a failure of these therapies to
halt the progression of disease and symptoms.
Overall, our results suggest an unmet economic
burden associated with the existing treatments
for symptomatic obstructive HCM.

Limitations

This study is subject to several limitations, some
of which are common across claims database
analyses. First, obstructive HCM diagnoses,
symptoms, and comorbidities were identified
based on ICD-9-CM and ICD-10-CM diagnosis
codes. A diagnosis code on a medical claim is
not a confirmation that the patient had the
diagnosis of disease because the code may rep-
resent a rule-out diagnosis or may be recorded
incorrectly. This limitation was mitigated by
requiring eligible patients to have at least two
claims with diagnosis codes for HCM or one
claim with a diagnosis code for HCM plus one
claim for SRT. It is also important to note that
generic codes, such as codes for ‘‘other car-
diomyopathy’’ and ‘‘unspecified cardiomyopa-
thy,’’ which may be used for HCM, were not
included in this study. Second, there are no
existing diagnosis codes or well-established
algorithms to identify symptomatic obstructive
HCM in claims databases. In this study, a com-
bination of symptoms, comorbidities, and pro-
cedures was used to identify symptomatic
obstructive HCM. Because not all symptoms
were captured in the claims database and some
symptoms might have been due to comorbidi-
ties, the actual proportion of patients with
symptomatic obstructive HCM may be different
to that estimated in our study. Third, the iden-
tification of treatment initiation was based on
pharmacy prescription fills in the claims data-
base, and measures of treatment duration were
based on days of supply. This approach may not
represent how the treatments were actually
taken by patients. Changes to the index treat-
ment were assessed during the first year after
treatment initiation. Future research could
focus on long-term treatment patterns and

outcomes to improve understanding of the
treatment and disease trajectories of symp-
tomatic obstructive HCM. Finally, given that
this study was conducted in a commercially
insured and Medicare Supplemental patient
sample, its findings may not be generalizable to
other patient populations (Medicaid and the
uninsured).

CONCLUSIONS

This study provides real-world evidence that, in
patients with symptomatic obstructive HCM,
HRU and healthcare costs increased as therapy
escalated. One-third of treated patients with
symptomatic obstructive HCM required esca-
lating therapies (BB ? CCB, disopyramide, or
procedures), which were themselves associated
with even higher clinical and economic bur-
dens. In addition, a high proportion of patients
augmented, switched, or discontinued their
medical therapies. These patients experience
considerable burden despite existing
treatments.
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