
















HCM found that it was problematic to infer likelihood of
SCD events on the basis of the proposed mutations, because
in some instances the rate of adverse events (and prevalence
of associated SCD risk markers) was lower in patients with
“malignant” mutations than it was in those with mutations
believed to be “benign.”95,404–406 The data from unselected
consecutive outpatients suggest that most mutations are
“novel” and limited to particular families (“private” muta-
tions). Therefore, routine mutational screening would appear
to be of little prognostic value in HCM.

6.3.1.3. Utility of SCD Risk Markers in Clinical Practice
Other than cardiac arrest, each of the HCM risk factors has
low positive predictive value (approximately 10% to 20%)
and modestly high negative predictive value (85% to 95%).
Multiple risk markers in individual patients would intuitively
suggest greater risk for SCD; however, the vast majority of
patients with �1 risk marker will not experience SCD, and
simple arithmetic summing of risk markers is not precise
because of the uncertainty implicit in assigning a relative
weight to any individual risk factor.50,51,407 Notably, in the
international HCM-ICD registry,55 the number of risk factors
did not correlate with the rate of subsequent appropriate ICD
discharges among presumably high-risk patients selected for
ICD placement. These data suggest that the presence of a
single risk marker may be sufficient to warrant ICD place-
ment in many patients, but these decisions need to be
individualized with regard to age, the strength of the risk
factor, and the risk-benefit of lifelong ICD therapy.55,408

6.3.2. Selection of Patients for ICDs—Recommendations

Class I

1. The decision to place an ICD in patients with
HCM should include application of individual
clinical judgment, as well as a thorough discussion
of the strength of evidence, benefits, and risks
to allow the informed patient’s active participa-
tion in decision making (Figure 4).53–56 (Level of
Evidence: C)

2. ICD placement is recommended for patients with
HCM with prior documented cardiac arrest, ven-
tricular fibrillation, or hemodynamically significant
VT.55,387–389 (Level of Evidence: B)

Class IIa
1. It is reasonable to recommend an ICD for

patients with HCM with:
a. Sudden death presumably caused by HCM

in 1 or more first-degree relatives.394 (Level
of Evidence: C)

b. A maximum LV wall thickness greater than or
equal to 30 mm.50,51,161,400 (Level of Evidence: C)

c. One or more recent, unexplained syncopal
episodes.392 (Level of Evidence: C)

2. An ICD can be useful in select patients with
NSVT (particularly those <30 years of age) in

Figure 4. Indications for ICDs in HCM. *SCD risk
modifiers include established risk factors and
emerging risk modifiers (Section 6.3.1.2). BP indi-
cates blood pressure; ICD, implantable
cardioverter-defibrillator; LV, left ventricular; SCD,
sudden cardiac death; SD, sudden death; and VT,
ventricular tachycardia.
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the presence of other SCD risk factors or
modifiers.‡53,129 (Level of Evidence: C)

3. An ICD can be useful in select patients with
HCM with an abnormal blood pressure re-
sponse with exercise in the presence of other
SCD risk factors or modifiers.‡89,90,390 (Level of
Evidence: C)

4. It is reasonable to recommend an ICD for
high-risk children with HCM, based on unex-
plained syncope, massive LV hypertrophy, or
family history of SCD, after taking into account
the relatively high complication rate of long-
term ICD implantation. (Level of Evidence: C)

Class IIb

1. The usefulness of an ICD is uncertain in patients
with HCM with isolated bursts of NSVT when in the
absence of any other SCD risk factors or modifi-
ers.‡53 (Level of Evidence: C)

2. The usefulness of an ICD is uncertain in patients
with HCM with an abnormal blood pressure re-
sponse with exercise when in the absence of any
other SCD risk factors or modifiers,‡ particularly in
the presence of significant outflow obstruc-
tion.89,90,390 (Level of Evidence: C)

Class III: Harm

1. ICD placement as a routine strategy in patients with
HCM without an indication of increased risk is
potentially harmful. (Level of Evidence: C)

2. ICD placement as a strategy to permit patients with
HCM to participate in competitive athletics is poten-
tially harmful. (Level of Evidence: C)

3. ICD placement in patients who have an identified HCM
genotype in the absence of clinical manifestations of HCM
is potentially harmful. (Level of Evidence: C)

Although the overall rate of SCD in HCM is approximately
1% per year, clearly there are individuals at higher risk for whom
prophylactic therapy may be indicated. Pharmacologic therapy
has not been demonstrated to provide protection from SCD.
Conversely, the ICD has proved to be effective in terminating
life-threatening ventricular tachyarrhythmias in HCM, altering
the natural course of the disease and prolonging life.

The decision for placement of primary prevention ICD
in HCM often involves a large measure of individual
clinical judgment, particularly when the evidence for risk
is ambiguous. The potential for SCD needs to be discussed
with each fully informed HCM patient and family member
in the context of their concerns and anxieties and should be
balanced against the risks and benefits of proposed pro-
phylactic ICD strategy. Consideration of the patient’s age
is warranted, particularly because device complications are
more likely in children and young adults over the long
period of follow-up.55,408

6.3.2.1. Results of ICD Therapy in HCM
There have been 2 reports from an international, multicenter
registry of patients with HCM who have undergone ICD
placement on the basis of the clinical perception of SCD
sufficient to justify device therapy.54,55 Among patients who
received a device as a result of a prior personal history of
cardiac arrest or sustained ventricular arrhythmia (secondary
prevention ICD), the annualized rate of subsequent appropri-
ate ICD discharge was 10% per year. Patients with primary
prevention ICDs placed on the basis of 1 or more of the
conventional risk markers experienced appropriate ICD ther-
apy at a rate of approximately 4% per year.54,55 Among these
patients, who were selected for ICD placement based on
clinical risk perceptions, the number of risk markers present
did not predict subsequent device discharge. Whether this is
related to the highly selected population involved or possibly
because an appropriate ICD discharge may not necessarily be
synonymous with SCD prevention is uncertain. The relative
weight of the individual risk markers in predicting device
discharge rate has not been reported.55,408

6.3.2.2. Complications of ICD Therapy in HCM
It is important to recognize and discuss with patients potential
ICD-related complications (both procedural and long term)
that occur at a rate of 4% per year in patients with HCM.408

Potential early problems may include pneumothorax, pericar-
dial effusion, pocket hematoma, acute pocket infection,
and/or lead dislodgment. Late complications include upper
extremity deep venous thrombosis, lead dislodgment, infec-
tion, high defibrillation threshold necessitating lead revision,
and inappropriate shocks, that is, shocks triggered by su-
praventricular arrhythmias, sinus tachycardia, lead fractures
or dislodgment, oversensing, double counting, and program-
ming malfunctions.

Reported rates of complications include approximately
25% of patients with HCM who experienced inappropriate
ICD discharge; 6% to 13% who experienced lead complica-
tions (fracture, dislodgment, oversensing); 4% to 5% who
developed device-related infection; and approximately 2% to
3% who experienced bleeding or thrombosis complica-
tions.55,408 The rate of inappropriate shocks and lead fractures
appears to be higher in children than in adults, largely
because their activity level and body growth places continual
strain on the leads, which are the weakest link in the
system.386 This issue is of particular concern, given the long
periods that young patients will have prophylactically im-
planted devices.

Industry-related ICD problems have affected patients with
HCM. Prominent recalls have included defective generators
leading to several deaths409 and small-diameter high-voltage
leads prone to fracture.410,411 The implant procedure has been
largely free of significant risk, without reported deaths,
although selected patients with extreme hypertrophy or who
have received amiodarone may require high-energy output
generators or epicardial lead systems.412

6.3.2.3. Overall Risk Assessment and Selection of Patients
for ICD Therapy
The decision to recommend and pursue ICD placement is a
complex process that can be oversimplified. The individuality‡SCD risk modifiers are discussed in Section 6.3.1.2.
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of each patient and family circumstance, including level of
anxiety, life situation, and views on death, and individual
assessment of the relative weight of potential benefits com-
pared with potential risks must be processed for each patient.
The low positive predictive value of any of the SCD risk
factors and the variability in the strength of data also
introduce a degree of ambiguity to the SCD risk assessment and
dramatically limit the applicability of counting the number of
risk factors as the primary risk assessment methodology. Based
on the weight of evidence, plausibility, and consensus judgment
reflecting clinical experience, it is recognized that patients with
massive hypertrophy, a family history of HCM-related SCD, or
recent unexplained syncope would probably benefit from ICD
placement. Apart from these, it was believed that a combination
of conventional risk factors and other risk modifiers provided the
optimal identification of the subset of patients with HCM with
sufficient risk of SCD to warrant strong consideration of ICD
placement (Figure 4).

6.3.2.4. Selection of ICD Device Type—Recommendations

Class IIa

1. In patients with HCM who meet indications for ICD
implantation, single-chamber devices are reasonable
in younger patients without a need for atrial or
ventricular pacing.410,413–415 (Level of Evidence: B)

2. In patients with HCM who meet indications for ICD
implantation, dual-chamber ICDs are reasonable for
patients with sinus bradycardia and/or paroxysmal
AF.413 (Level of Evidence: C)

3. In patients with HCM who meet indications for ICD
implantation, dual-chamber ICDs are reasonable for
patients with elevated resting outflow gradients
greater than 50 mm Hg and significant heart failure
symptoms who may benefit from right ventricular
pacing (most commonly, but not limited to, patients
>65 years of age).283,284,367,413 (Level of Evidence: B)

All ICDs incorporate a right ventricular lead that has both
pacing and defibrillation capabilities. ICDs are available as
single-chamber, dual-chamber, or 3-chamber (ie, cardiac resyn-
chronization therapy) devices. Whether a patient receives a
dual-chamber or cardiac resynchronization therapy system de-
pends on other considerations, including the need for atrial
pacing, enhanced supraventricular tachycardia (SVT) discrimi-
nation, right ventricular pacing, and importantly, consideration
of the patient’s age and the subsequent longevity of the lead and
ICD system.416 In patients with LVOT obstruction, particularly
the elderly, in whom ICDs are indicated, dual-chamber pacing
may have the potential to reduce gradient and symptoms in some
patients (Section 6.2.2.6).

ICD leads fail at a rate of 0.5% to 1% per year, although
there are data showing that failure rates are increased in a
younger, healthier population.410 When a lead fails, a new
lead is needed; the old lead can remain in, which over time
places the patient at risk for venous obstruction, or the old
lead may be removed, which carries a significant risk of
morbidity and mortality. In young patients with HCM, an
ICD may be needed for up to 70 years. There is no
expectation that a single lead will remain functional for that

amount of time. Thus, in general, the younger the patient, the
more appropriate it is for single-chamber devices to be used
to decrease the amount of hardware in the venous system.

Dual-chamber devices have been advocated to increase the
ability of the ICD to differentiate between SVT and ventricular
arrhythmias. Data to support this hypothesis are mixed with
some studies showing no difference between inappropriate
therapy for SVT417,418 and others showing a benefit.419,420

Currently, discrimination of SVT is inadequate as a sole justifi-
cation for a dual-chamber device in patients with HCM.

Whether cardiac resynchronization therapy devices are useful
for patients with HCM is unclear. There is a paucity of published
data on the use of cardiac resynchronization therapy devices in
patients with HCM and end-stage heart failure.421

6.3.3. Participation in Competitive or Recreational Sports
and Physical Activity—Recommendations

Class IIa

1. It is reasonable for patients with HCM to participate in
low-intensity competitive sports (eg, golf and bowl-
ing).422,423 (Level of Evidence: C)

2. It is reasonable for patients with HCM to participate
in a range of recreational sporting activities as
outlined in Table 4.224 (Level of Evidence: C)

Class III: Harm

1. Patients with HCM should not participate in intense
competitive sports regardless of age, sex, race, presence or
absence of LVOT obstruction, prior septal reduction
therapy, or implantation of a cardioverter-defibrillator
for high-risk status.58,59,422–426 (Level of Evidence: C)

A number of large cohort studies from the United States
indicate that HCM is the most common cardiovascular cause
of SCD in young athletes, accounting for about one third of
these events.58,59,425,427 The American College of Cardiology
Bethesda Conference No. 36422,429 as well as the European
Society of Cardiology guidelines423,429 indicate that risk for
SCD is increased during intense competitive sports and also
suggest that the removal of these individuals from the athletic
arena can diminish their risk. This principle is the basis for
disqualification of athletes with HCM from sanctioned high
school and college sports.422,429 It should be underscored that
these consensus recommendations for competitive athletes
are independent of those for noncompetitive, informal recre-
ational sporting activities.224

General recommendations for recreational exercise in patients
with HCM should be tailored to the individual’s desires and
abilities; however, certain guidelines prevail. For example,
aerobic exercise as opposed to isometric exercise is preferable.
Patients with HCM should avoid recreational sports in which
participation is intense and simulates competitive organized
athletics. Also, burst exertion, in which an abrupt increase in
heart rate is triggered (eg, sprinting in half-court basketball), is
less desirable than swimming laps or cycling. Finally, it is
prudent for such patients to avoid physical activity in extreme
environmental conditions of heat, cold, or high humidity, with
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attention paid to maintaining volume status. Detailed recommen-
dations for individual sports appear in Table 4.

6.4. Management of AF—Recommendations

Class I

1. Anticoagulation with vitamin K antagonists (ie, warfarin,
to an international normalized ratio of 2.0 to 3.0) is
indicated in patients with paroxysmal, persistent, or
chronic AF and HCM.60,430,431 (Anticoagulation with di-
rect thrombin inhibitors [ie, dabigatran§] may represent
another option to reduce the risk of thromboembolic
events, but data for patients with HCM are not avail-
able.432) (Level of Evidence: C)

2. Ventricular rate control in patients with HCM with AF is
indicated for rapid ventricular rates and can require high
doses of beta antagonists and nondihydropyridine cal-
cium channel blockers.60,430 (Level of Evidence: C)

Class IIa

1. Disopyramide (with ventricular rate– controlling
agents) and amiodarone are reasonable antiarrhyth-
mic agents for AF in patients with HCM.430,433 (Level
of Evidence: B)

2. Radiofrequency ablation for AF can be beneficial
in patients with HCM who have refractory symp-
toms or who are unable to take antiarrhythmic
drugs.63– 65,434,435 (Level of Evidence: B)

3. Maze procedure with closure of LA appendage is
reasonable in patients with HCM with a history of
AF, either during septal myectomy or as an isolated
procedure in selected patients. (Level of Evidence: C)

Class IIb

1. Sotalol, dofetilide, and dronedarone might be con-
sidered alternative antiarrhythmic agents in patients
with HCM, especially in those with an ICD, but
clinical experience is limited. (Level of Evidence: C)

AF is an important cause of symptoms, morbidity, and
even mortality in patients with HCM.57,60 Diagnosis may be
made by an ECG during an AF episode or occasionally on
ambulatory Holter monitoring; use of an event recorder may
be helpful in some patients. Patients with HCM are at
increased risk of AF compared with age-matched cohorts, but
AF is seldom seen in young patients with HCM who are �30
years of age and becomes more prevalent with age. Risk
factors for AF in HCM include age, congestive heart failure,
and LA function, diameter, and volume.60,436 A family history
of AF is a risk factor in the Framingham Heart Study, but
there are no data in patients with HCM. AF occurring in
HCM may not be associated with symptoms or hemodynamic
compromise in one third of patients but is poorly tolerated in
many others. There is evidence that AF is an indicator of
unfavorable prognosis, including increased risk of HCM-
related heart failure, death, and stroke.60,437

§Dabigatran should not be used in patients with prosthetic valves, hemodynamically
significant valve disease, advanced liver failure, or severe renal failure (creatinine
clearance �15 mL/min).432

Table 4. Recommendations for the Acceptability of Recreational
(Noncompetitive) Sports Activities and Exercise in Patients With HCM*

Intensity Level Eligibility Scale for HCM†

High

Basketball (full court) 0

Basketball (half court) 0

Body building‡ 1

Gymnastics 2

Ice hockey‡ 0

Racquetball/squash 0

Rock climbing‡ 1

Running (sprinting) 0

Skiing (downhill)‡ 2

Skiing (cross-country) 2

Soccer 0

Tennis (singles) 0

Touch (flag) football 1

Windsurfing§ 1

Moderate

Baseball/softball 2

Biking 4

Hiking 3

Modest hiking 4

Motorcycling‡ 3

Jogging 3

Sailing§ 3

Surfing§ 2

Swimming (laps)§ 5

Tennis (doubles) 4

Treadmill/stationary bicycle 5

Weightlifting (free weights)‡� 1

Low

Bowling 5

Brisk walking 5

Golf 5

Horseback riding‡ 3

Scuba diving§ 0

Skating¶ 5

Snorkeling§ 5

Weights (nonfree weights) 4

*Recreational sports are categorized according to high, moderate, and low
levels of exercise and graded on a relative scale (from 0 to 5) for eligibility, with 0
to 1 indicating generally not advised or strongly discouraged; 4 to 5, probably
permitted; and 2 to 3, intermediate and to be assessed clinically on an individual
basis. The designations of high, moderate, and low levels of exercise are equivalent
to an estimated �6, 4 to 6, and �4 metabolic equivalents, respectively.

†Assumes absence of laboratory DNA genotyping data; therefore, limited to
clinical diagnosis.

‡These sports involve the potential for traumatic injury, which should be
taken into consideration for individuals with a risk for impaired consciousness.

§The possibility of impaired consciousness occurring during water-related activities
should be taken into account with respect to the individual patient’s clinical profile.

�Recommendations generally differ from those for weight-training machines
(nonfree weights), based largely on the potential risks of traumatic injury
associated with episodes of impaired consciousness during bench-press
maneuvers; otherwise, the physiologic effects of all weight-training activities
are regarded as similar with respect to the present recommendations.

¶Individual sporting activity not associated with the team sport of ice hockey.
Adapted with permission from Maron et al.224
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Therapy for AF includes prevention of thromboembolic
stroke and controlling symptoms (Figure 5). The risk of systemic
embolization is high in patients with HCM with AF but is not
related to the severity of symptoms.57,60 Occurrence of paroxys-
mal, persistent, or chronic AF is a strong indication for antico-
agulation with a vitamin K antagonist.430 Whether there is a
threshold for AF that warrants anticoagulation is unresolved;
however, given the high risk of thromboembolism in HCM,
even patients with short episodes of AF should be strongly
considered for anticoagulation. Even a single episode of AF
should be cause to consider anticoagulation because the likeli-
hood of recurrent AF is high. Aspirin should be reserved for
those who cannot or will not take warfarin or other oral
anticoagulants, but its efficacy in HCM is unestablished. The
role of LA occlusion devices in HCM is untested but could
possibly be a future option in patients who cannot tolerate
anticoagulant therapy.438

Symptom control may be attained with adequate rate
control, although many patients will require rhythm control.
Rate control is best maintained by beta blockers and calcium
channel blockers. High doses of these agents may be re-
quired. Digoxin may modestly reduce ventricular rate at rest
and to a lesser extent with exertion. Because there is a paucity
of data on rhythm control in patients with HCM, evidence
from other patient populations is extrapolated to HCM.
However, whether patients with HCM respond similarly to
antiarrhythmic agents is not clear. The “2011 ACCF/AHA/

HRS Focused Updates Incorporated Into the ACC/AHA/ESC
2006 Guidelines for the Management of Patients With Atrial
Fibrillation” state that disopyramide and amiodarone are
potential agents for rhythm control.430 The limited published
data on amiodarone suggest that it is safe and effective for
patients with HCM.439–442 Disopyramide has been shown to be
safe when prescribed for reduction of LVOT obstruction, but its
safety and efficacy in AF are not well established.157,443 Drone-
darone, an antiarrhythmic agent similar to amiodarone but
lacking the iodine moiety and much of the long-term toxicity,
has been approved for use in the United States. There are no data
regarding the efficacy of dronedarone or the use of flecainide
and propafenone in patients with HCM. In the CAST (Cardiac
Arrhythmia Suppression Trial) trial, Class IC agents were
associated with an increased mortality in patients with CAD.444

Thus, caution is advised when these agents are prescribed for
patients with HCM and their use should probably be limited to
individuals with an ICD. The management of atrial flutter in
HCM is similar to that in other disease states, including the role
of radiofrequency ablation.

The long-term benefits of radiofrequency ablation versus
antiarrhythmic drugs in patients with HCM remain to be estab-
lished. It does appear that early success and complication rates
are similar between HCM and other forms of heart disease or
absence of heart disease.63–65,445 Thus, radiofrequency ablation
may play a role in the management of AF, but further investi-
gation is necessary. The surgical maze procedure for AF has

Figure 5. Management of AF
in HCM. AF indicates atrial
fibrillation; AV, atrioventricular;
INR, international normalized
ratio; PPM, permanent pace-
maker; and PVI, pulmonary
vein isolation.
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shown some limited success446; however, whether a prophylactic
or therapeutic surgical maze procedure is indicated for patients
undergoing other open chest surgical procedures (ie, septal
myectomy) is unresolved.

7. Other Issues
7.1. Pregnancy/Delivery—Recommendations

Class I

1. In women with HCM who are asymptomatic or whose
symptoms are controlled with beta-blocking drugs, the
drugs should be continued during pregnancy, but in-
creased surveillance for fetal bradycardia or other com-
plications is warranted.41,140,447,448 (Level of Evidence: C)

2. For patients (mother or father) with HCM, genetic
counseling is indicated before planned conception.
(Level of Evidence: C)

3. In women with HCM and resting or provocable
LVOT obstruction greater than or equal to 50
mm Hg and/or cardiac symptoms not controlled by
medical therapy alone, pregnancy is associated with
increased risk, and these patients should be referred
to a high-risk obstetrician. (Level of Evidence: C)

4. The diagnosis of HCM among asymptomatic women
is not considered a contraindication for pregnancy,
but patients should be carefully evaluated in regard
to the risk of pregnancy. (Level of Evidence: C)

Class IIa

1. For women with HCM whose symptoms are con-
trolled (mild to moderate), pregnancy is reasonable,
but expert maternal/fetal medical specialist care,
including cardiovascular and prenatal monitoring, is
advised. (Level of Evidence: C)

Class III: Harm

1. For women with advanced heart failure symptoms
and HCM, pregnancy is associated with excess mor-
bidity/mortality. (Level of Evidence: C)

Women with HCM safely experience pregnancy and labor
with minimal documented risks. The maternal mortality rate
is extraordinarily low and limited to those patients with
particularly advanced disease.449 Nevertheless, careful eval-
uation of the mother and functional assessment is paramount
during and just prior to pregnancy. Usually, special medical
precautions are unnecessary, and cesarean delivery is not
obligatory. However, women with advanced disease, includ-
ing progressive heart failure, severe diastolic dysfunction,
VT, SVT, or marked LVOT obstruction, will require the care
of a high-risk maternal/fetal medical team with close involve-
ment of a cardiologist. For the woman whose disease is well
controlled with medical therapy (beta blockers, verapamil, or
disopyramide), there should be no interruption of therapy, but
careful maternal and fetal monitoring is advised.157 For
any woman of childbearing age with HCM, it is paramount
that genetic counseling be advised before conception. Such
patients should be counseled prospectively about the risks
of pregnancy and discouraged if deemed necessary. Care-

ful monitoring is advisable in the first 24 hours after
delivery, when large fluid shifts can lead to acute pulmo-
nary edema in the setting of a noncompliant and hypertro-
phied left ventricle.

7.2. Occupational Considerations
In 2002, the US Department of Transportation Federal Motor
Carrier Safety Administration published its “Cardiovascular
Advisory Panel Guidelines for the Medical Examination of
Commercial Motor Vehicle Drivers.” The guidelines state
that “irrespective of symptoms, a person should not be
certified as a [commercial motor vehicle] driver if a firm
diagnosis of [HCM] is made…”.450(p83)� Although consider-
ation has subsequently been given to liberalizing this restric-
tion, the guidelines have not yet been revised.

The criteria for the disqualification of aircraft pilots with
cardiovascular disease are set by the Federal Aviation Ad-
ministration. Currently, HCM is regarded as generally incom-
patible with the highest grade aviation license for commercial
pilots, based on the unpredictable risk for impairment in the
cockpit attributable to HCM.452

8. Future Research Needs
Despite progress in the understanding of the etiology and
pathophysiology of HCM and in certain aspects of manage-
ment, more substantial insights into the fundamental and
clinical components of HCM provide considerable opportu-
nities to improve patient outcomes. The research priorities in
HCM were detailed in 2010 by a National Heart, Lung, and
Blood Institute working group.453

8.1. Establishing the Cause of HCM
Over the past 20 years there have been major advances in
identification of genetic mutations that cause HCM. Contem-
porary data sets include �1400 mutations that primarily
occur in at least 8 genes that encode protein components of
the sarcomere. Nonetheless, the genetic cause remains un-
known for a substantial proportion of patients with clinical
manifestations of HCM. Mutation-negative patients may have
LV hypertrophy attributable to another genetic (or nonge-
netic) cause, with morphologic features that mimic HCM but
with distinctive pathophysiology and clinical outcomes. Def-
inition of the cause(s) of HCM morphology in mutation-
negative patients is important for the basic understanding of
mechanisms that remodel the heart and for determining
whether or not the clinical practice guidelines established for
HCM are relevant in these patients. The ability to pool data
from multiple registries is encouraged.

8.2. Defining the Link Between Genotype
and Phenotype
The emergence of newer sequencing methodologies provides
unparalleled opportunities for defining the precise mutation

�The Federal Motor Carrier Safety Administration defines commercial motor vehicle
as a motor vehicle or combination of motor vehicles used in commerce to transport
passengers or property if the motor vehicle:

(a) has a gross combination weight rating of �11 794 kg (�26 001 lb) inclusive of a
towed unit(s) with a gross vehicle weight rating of �4536 kg (10 000 lb); or

(b) has a gross vehicle weight rating of �11 794 kg (�26 001 lb); or
(c) is designed to transport �16 passengers, including the driver; or
(d) is of any size and is used in the transportation of hazardous materials as defined

[by the Federal Motor Carrier Safety Administration].451
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in most patients with HCM. Such information can expand our
understanding of the relationship between genotype and
phenotype in HCM, a link that remains incompletely under-
stood. Directing future efforts to identify genetic modifiers
(ie, genes that influence clinical expression) and environmen-
tal influences may expand understanding of the signaling
pathways that are responsible for phenotypic expression of
HCM and related disease states. These strategies also hold the
potential to define novel therapeutic targets that may attenu-
ate the consequences of sarcomere gene mutations, so that
disease expression may be delayed or conceivably prevented.

8.3. Management and Evaluation of HCM
Genotype-Positive/Phenotype-Negative Relatives
Gene-based diagnosis of HCM families has increased the
identification of genotype-positive/phenotype-negative indi-
viduals. There are many unanswered questions about the
natural history of these patients, including the identity of
factors that influence duration of the preclinical phase, the
likelihood of clinical identification by screening with echo-
cardiography (or CMR), the risk of SCD, and decisions about
the periodicity of clinical screening, the use of ICDs for
primary prevention, and participation in competitive sports.
Longitudinal data are needed to develop appropriate manage-
ment recommendations for this growing subset of patients. In
addition, as more information is accrued regarding the sig-
naling pathways that account for clinical manifestation asso-
ciated with sarcomere protein gene mutations, the study of
therapeutic interventions aimed at preventing the emergence
of disease in preclinical patients can be expected.

8.4. Clinical Significance of Myocardial Fibrosis
Myocardial fibrosis of the heart is increased in HCM because
of an expansion of the interstitial matrix and also myocardial
replacement scarring (caused by microvascular ischemia and
other factors). Consistent with histopathologic findings, se-
rum biomarkers of collagen turnover are elevated in patients
with clinically overt HCM. Recent studies in HCM models
indicate that extracellular matrix remodeling predates the
emergence of hypertrophy and may contribute to diastolic
dysfunction.18 Studies are needed to ascertain whether pre-
vention of interstitial (matrix) expansion or replacement
scarring can improve HCM pathophysiology and reduce late
outcomes such as progressive heart failure.

Replacement fibrosis and scarring can be visualized (in
vivo) by CMR gadolinium contrast enhancement. Clearer
understanding of the relationship between LGE, fibrosis, and
clinical outcomes (including ventricular tachyarrhythmias
and SCD) is needed.

8.5. Therapies to Directly Modify the
HCM Pathophysiology
The most widely used medical therapies for patients with HCM
(beta-adrenergic blockers, calcium channel blockers, disopyr-
amide) nonspecifically address aspects of the hemodynamic
abnormalities in patients with HCM, such as reducing contrac-
tility to diminish the magnitude of outflow tract obstruction. As
noted above, a more sophisticated understanding of the links
between the molecular pathophysiology and outcome is neces-

sary in HCM to promote the development of more relevant and
targeted treatment strategies.453 For example, characterization of
the fundamental biophysical defects produced by different mu-
tations in sarcomere proteins, assessment of energy requirements
of the heart in HCM, and assessment of the role of myocardial
ischemia may lead to interventions that alter the natural history
of disease expression.

8.6. Refining Risk Stratification for SCD
As noted in this document, identifiable clinical markers are
being used successfully in risk stratification for SCD in
HCM, assisting in recommendations about prophylactic
ICDs. Nonetheless, much ambiguity is often encountered in
using the current SCD risk stratification algorithm in individ-
ual patients, and there is a need to identify additional and
more sensitive/specific risk factors. Moreover, SCD may
occasionally occur in “low-risk” patients without conven-
tional risk factors. The assembly of larger cohorts from
multiple centers with detailed clinical, genetic, and lifestyle
information may improve SCD risk stratification and enable
more efficient use of ICDs.

8.7. Comparative Assessment of Septal
Reduction Strategies
The opportunity for percutaneous strategies to reduce outflow
tract obstruction in HCM was realized through the development
of alcohol septal ablation. The potential of this approach to
provide clinical benefit in reducing symptoms with lower patient
morbidity and reduced healthcare expenditures has been some-
what undermined by a concern for increased ventricular arrhyth-
mias following the procedure. Robust information about the
types and frequency of adverse outcomes following alcohol
septal ablation are needed in addition to rigorous assessment of
whether these events are intrinsic to the procedure or related to
underlying hypertrophic substrate, concomitant coronary or
other comorbid disease, or the advanced age at which patients
receive this therapy versus myectomy. In addition, observational
registries might be useful to compare rates of HCM-related
death. Such comparisons of short- and long-term outcomes of
patients treated with alcohol septal ablation or myectomy sur-
gery would foster appropriate use of these strategies and im-
prove patient symptoms and outcomes.

8.8. Therapies to Treat and Prevent AF and Its
Associated Risks
AF is a common cause of morbidity and mortality in patients
with HCM. Anticoagulation is well established in other
causes of AF and almost certainly extends to the HCM patient
with paroxysmal, chronic, or persistent AF. However,
whether anticoagulation should extend to those patients with
HCM who are at high risk of development of AF is unclear.
In addition, the relative roles of antiarrhythmic agents,
radiofrequency ablation, and surgical maze procedure need
improved definition.
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Appendix 3. Abbreviation List

AF Atrial fibrillation

CAD Coronary artery disease

CMR Cardiovascular magnetic resonance

CTA Computed tomographic angiography

ECG Electrocardiogram

EF Ejection fraction

HCM Hypertrophic cardiomyopathy

ICD Implantable cardioverter-defibrillator

LA Left atrial

LGE Late gadolinium enhancement

LV Left ventricular

LVOT Left ventricular outflow tract

NSVT Nonsustained ventricular tachycardia

NYHA New York Heart Association

PET Positron emission tomography

RCT Randomized controlled trial

SAM Systolic anterior motion

SCD Sudden cardiac death

SPECT MPI Single photon emission computed tomography
myocardial perfusion imaging

SVT Supraventricular tachycardia

TEE Transesophageal echocardiogram

TTE Transthoracic echocardiogram

VT Ventricular tachycardia

Gersh et al ACCF/AHA Hypertrophic Cardiomyopathy Guideline e831

 by guest on November 2, 2014http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


© American College of Cardiology Foundation and American Heart Association, Inc. 

 

 

2011 HCM Guideline Data Supplements 
 

Data Supplement 1. Genetics Table  

Study Name/Author 

(Citation) 
Aim of Study 

Study 

Design 
Study Size Patient Population Endpoints Results Comments 

Quality of life and 

psychological distress 

in HCM mutation 

carriers: a cross-

sectional cohort study 

 

Christiaans, et al. (1) 

To determine the 

quality of life and 

psychological 

distress in HCM 

mutation carriers.  

Cross 

sectional 

cohort study  

228 pts who 

underwent 

genetic 

testing for 

HCM 

mutation  

Carriers of HCM mutations. 49.1% 

men, 88.7% with children. Study 

group divided between those with 

known HCM and those with 

unknown clinical status, in whom 

genotype would be predictive 

(n=123). Among those with 

predictive genotype:  43% were 

men and 57% were women, with 

76.4% had children.  

Quality of life and 

psychological 

distress assessed. 

Mutation carrier 

responses were 

compared to the 

general population. 

Overall scores of quality of life were 

not different from the general 

population. Among those with overt 

HCM, quality of life and distress 

were worst than general population. 

Predictive genetic testing did not 

cause worse psychological test scores 

than those in the general population. 

Among those whose DNA testing 

indicated they did not carry a HCM 

mutation, quality of life scores were 

better than general population.  

This was the first study to show 

that there was no psychologic 

harm caused by predictive 

genetic testing in HCM. 

Characteristics and 

prognostic 

implications of 

myosin missense 

mutations in familial 

HCM 

 

Watkins H, et al. (2) 

To assess the role 

of MYH7 

mutations in 

unrelated families 

with HCM 

Genetic 

analyses of 

MYH7 

25 unrelated 

HCM 

probands 

and ~250 

family 

members 

Familial HCM of European 

descent. 

Identification of 

pathogenic 

mutations. 

Dominant missense mutations in 

MYH7 accounted for HCM in 12/25 

families, indicating this gene accounts 

for ~50% of familial HCM. Mutations 

allowed identification of individuals 

at risk for developing HCM. Different 

mutations did not appreciably alter 

the clinical manifestations of familial 

HCM. 

Different missense mutations in 

the β cardiac myosin heavy-

chain gene can be identified in 

~50% of families with HCM. 

The study authors suggest the 

precise definition of the disease-

causing mutation can provide 

important prognostic information 

about affected members. 

Comprehensive 

analysis of the beta-

myosin heavy chain 

gene in 389 unrelated 

pts with HCM 

 

Van Driest SL, et al. 

(3) 

Assessment of the 

prevalence of  

MYH7 mutations 

in an unselected  

HCM cohort 

DNA 

sequence 

analyses  

389 HCM 

pts 

Unrelated HCM pts with familial or 

sporadic disease referred to a 

tertiary center. 

Identification of 

pathogenic 

mutations. 

58 pts (15%) had 40 different 

mutations in MYH7. HCM pts with 

MYH7 compared to HCM pts without 

MYH7 mutations, were younger at 

diagnosis (32.9 vs. 42.7 years, 

respectively, p=0.0002), had more 

hypertrophy (LV wall thickness of 

24.2 vs. 21.1 mm, respectively, 

p=.0009), and more frequently 

underwent myectomy (60% vs. 38%, 

respectively, p=0.002). HCM pts with 

MYH7 mutations compared to HCM 

pts without MYH7 mutations more 

often had a family history of HCM 

Mutations were identified using 

indirect methods that are less 

sensitive than contemporary 

approaches, such as DNA 

sequencing. This is likely to 

account for the lower prevalence 

of MYH7 mutations than is 

currently found by contemporary 

clinical and research mutation 

tests. 
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(43% vs. 29%, respectively, p=.006). 

Mutations in the 

genes for cardiac 

troponin T and alpha-

tropomyosin in HCM 

 

Watkins H, et al. (4) 

To determine the 

role of troponin T 

and alpha 

tropomyosin 

mutations in HCM  

DNA 

sequence 

analyses  

127 

unrelated 

HCM 

probands  

Probands with familial HCM 

included 14 from Europe, 10 from 

North America and 1 each from 

South America, Africa and India. 

100 HCM probands without family 

histories had diverse racial and 

ethnic origins. 

Identification of 

pathogenic 

mutations and 

clinical status of 

mutation carriers. 

Dominant mutations in cardiac 

troponin T account for ~15% of 

familial HCM; dominant mutations in 

alpha-tropomysoin account for ~3% 

of HCM. 

The high detection rate of 

troponin T mutations may be due 

to the referral-center population 

studied. Subsequent analyses 

indicate troponin T mutations 

account for somewhat less (10%) 

of HCM.  

Mutations in the gene 

for cardiac myosin-

binding protein C and 

late-onset familial 

HCM 

 

Niimura H, et al. (5) 

To determine the 

spectrum of 

myosin binding 

protein C 

mutations and 

associated clinical 

features 

DNA 

Sequence 

analyses  

Unrelated 

HCM 

probands 

and 574 

family 

members 

Single center analyses of familial 

HCM. 

Identification of 

pathogenic 

mutations and 

clinical status of 

mutation carriers. 

Dominant missense and trunation 

mutations in cardiac myosin binding 

protein C account for ~50% of 

familial HCM. Only 58% of adults 

age <50 y with a cardiac myosin-

binding protein C mutation had 

clinical manifestations of HCM. 

Disease penetrance remained 

incomplete through the age of 60 y. 

This was the first study to show 

myosin binding protein C 

mutations can delay clinical 

expression of HCM. This study 

was significant in that clinical 

evaluations of family members at 

risk for HCM must continue 

throughout life, unless genetic 

status is ascertained.    

Sporadic HCM due to 

de novo myosin 

mutations 

 

Watkins H, et al. (6) 

To determine if 

isolated cases of 

HCM, like 

familial HCM are 

due to gene 

mutations. 

Single 

center 

cohort 

genetic 

study 

7 pts  Unrelated pts with sporadic HCM.  Identification of 

pathogenic 

mutations. 

Mutations in the beta cardiac MHC 

gene were identified in 2 probands 

with sporadic disease. In each case, 

the parents were neither clinically nor 

genetically affected; indicating 

mutations arose de novo. 

Transmission of the mutation and 

disease to an offspring occurred in 1 

pedigree, predicting these are 

germline mutations.  

This study demonstrated de novo 

mutations account for some 

instances of sporadic HCM and 

these mutations can be 

transmitted to children, 

indicating genetic testing is 

warranted in pts with sporadic 

disease. 

Shared genetic causes 

of cardiac 

hypertrophy in 

children and adults 

 

Morita H, et al. (7) 

To determine if 

idiopathic cardiac 

hypertrophy in 

childhood that 

occurs without a 

family history of 

cardiomyopathy 

has a shared 

genetic etiology 

with HCM.   

Genetic 

study of 

children 

with 

idiopathic 

hypertrophy  

84 pts  63 boys/ 21 girls diagnosed before 

age 15 y (mean [+/-SD], 6.99+/-

6.12 y). 

Identification of 

pathogenic 

mutations and 

assessment of 

mutation in family 

members. 

Pathogenic mutations were identified 

25 of 51 affected children without 

family histories of cardiomyopathy 

and in 21 of 33 affected children with 

familial HCM. Among 11 of the 25 

children with presumed sporadic 

disease, 4 cases had new mutations 

and 7cases had unrecognized 

inherited mutations.  

This study showed mutations in 

HCM genes account for ~50% of 

cases of pediatric onset of 

idiopathic hypertrophy, despite 

substantially different clinical 

presentation. In 1/3 of cases, de 

novo mutations were found.  

Genetic testing of childhood-

onset hypertrophy can help 

define cause and aid in family 

evaluations. 
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Glycogen storage 

diseases presenting as 

HCM 

 

Arad M, et al.  (8) 

To determine the 

genetic causes of 

HCM with 

atypical features. 

Cohort 

genetic 

study of pts 

with 

atypical 

HCM  

55 pts  Unrelated HCM pts with massive 

hypertrophy, early presentation, 

absent family history, or concurrent 

electrophysiologic abnormalities.  

Identification of 

pathogenic 

mutations and 

assessment of 

clinical features 

associated with 

different 

genotypes. 

Mutations in LAMP2 and PRKAG2 

cause hypertrophy with additional 

features. Clinical features associated 

with PRKAG2 mutations included 

electrophysiological abnormalities 

(pre-excitation and progressive 

conduction system disease). Clinical 

manifestations of LAMP2 mutations 

included male sex, severe 

hypertrophy, early onset (at age 8 to 

17 y), ventricular preexcitation, and 

asymptomatic elevations of 2 serum 

proteins. 

This study showed that LAMP2 

or PRKAG2 mutations resembles 

HCM but are distinguished by 

electrophysiological 

abnormalities, and for LAMP2 

mutations, extra- cardiac 

manifestations. The clinical 

courses associated with these 

mutations are distinct from 

HCM. Gene-based diagnosis can 

distinguish between HCM and 

these disorders. This information 

is helpful to counsel pts and to 

devise appropriate management 

strategies. 

Preclinical diagnosis 

of familial HCM by 

genetic analysis of 

blood lymphocytes 

 

Rosenzweig A, et al. 

(9) 

To determine if 

genetic 

information 

identifies mutation 

carriers and to 

define preclinical 

manifestations of 

HCM.   

Single 

center 

family study 

29 family 

members of 

index HCM 

patient 

15 adult family members and 14 

offspring (ages 1- 20 y). 

Definition of 

genotype and 

clinical features of 

all study subjects. 

In 15 adult relatives there was perfect 

agreement between genotype and the 

clinical diagnosis (8 affected and 7 

not affected). Clinical analysis of the 

14 offspring of affected adults 

identified 1 child with 

echocardiographic findings diagnostic 

of HCM. However, genetic analyses 

showed 6 other children had also 

inherited the mutation. Some 

genotype positive children without 

LVH had EKG abnormalities, 

indicating that electrophysiologic 

manifestations precede LVH in HCM.   

This study shows that knowledge 

of the genetic cause for HCM in 

an index patient allows 

preclinical diagnosis of mutation 

carriers, and identification of 

relatives who have no risk of 

developing HCM. Genotype 

information can precisely define 

individuals who warrant serial 

clinical evaluations for HCM. 

Assessment of 

diastolic function 

with Doppler tissue 

imaging to predict 

genotype in 

preclinical HCM 

 

Ho CY, et al. (10) 

To determine the 

preclinical 

phenotypes in 

carries of HCM 

mutations who do 

not exhibit LVH.  

Cohort 

study 

72 pts 36 subjects with HCM mutations; 

18 without LVH (genotype+/LVH-

) and 18 with LVH 

(genotype+/LVH+). Controls = 36 

age/gender matched individuals 

without an HCM mutation. 

LV function using 

2-D 

echocardiography 

with Doppler 

tissue imaging. 

LVEF was significantly higher in 

both genotype (+) groups vs. control 

subjects. Mean early diastolic 

myocardial velocities (Ea) were 

significantly lower in both genotype 

(+) subgroups, irrespective of LVH.    

This study defines the earliest 

clinical manifestations of HCM. 

Abnormalities of diastolic 

function were shown to precede 

the development of LVH in 

individuals with HCM mutations. 

This finding supports the 

rationale for serial evaluation of 

genotype + individuals, to enable 

early detection of the emergence 

of HCM. 
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A DNA resequencing 

array for pathogenic 

mutation detection in 

HCM 

 

Fokstuen S, et al. (11) 

To define gene 

mutations in 

familial and 

sporadic HCM 

using 

contemporary 

sequencing 

techniques. 

Cohort 

study from a 

single center 

38 pts 17 index pts with familial HCM; 21 

with sporadic HCM. 

12 genes clearly 

implicated in 

HCM were 

sequenced in all 

pts. (Genes = 

MYH7, MYBPC3, 

TNNT2, TPM1, 

TNNI3, MYL3, 

MYL2, CSRP3, 

PLN, ACTC, 

TNNC1, and 

PRKAG2). 

Pathogenic mutations were identified 

in 60% (10/17) of familial HCM and 

10% of sporadic cases (2/21). 

Contemporary DNA sequencing 

strategies can detect HCM 

mutations in ~60% of pts with 

familial disease and 10% of 

subjects with sporadic disease. 

Diastolic dysfunction 

without left 

ventricular 

hypertrophy is an 

early finding in 

children with HCM-

causing mutations in 

the beta-myosin 

heavy chain, alpha-

tropomyosin, and 

myosin-binding 

protein C genes 

 

Poutanen T, et al. 

(12) 

To compare 

biomarkers, LVH 

and diastolic 

function in 

children with a 

HCM mutation 

(genotype 

positive) versus 

healthy control 

children 

Cohort 

study from a 

single center 

53 children 27 children with a HCM mutation 

and 28 controls (mutation 

negative).  

Clinical analyses 

of 27 children with 

HCM mutations 

(genotype +) 

compared to age-

matched children 

without mutations. 

Genotype-positive children had 

thicker septal measurements 

compared to the control children 

(p=.004), but only 3 (11%) genotype-

positive children fulfilled criteria for 

body surface area adjusted maximal 

LV thickness of healthy children. 

However all genotype-positive 

children had prolonged is ovolumetric 

relaxation time, increased left atrial 

volume, or increased levels of NT-

proANP.  

This study confirms LVH is a 

late manifestation of HCM. 

Children with HCM mutations 

have other clinical abnormalities 

including diastolic dysfunction. 

Myofilament protein 

gene mutation 

screening and 

outcome of pts with 

HCM 

 

Olivotto I, et al. (13) 

Assessment of 

clinical course in 

pts with a known 

mutation versus 

pts in whom no 

mutation is 

defined. 

Cohort 

study from  

a single 

center 

203 HCM 

pts 

87 pts with a mutation and 126 pts 

without a mutation. 8 myofilament 

genes were sequenced (MYH7, 

MYBPC3, TNNT2, TPM1, TNNI3, 

MYL3, MYL2, ACTC) and clinical 

course assessed over a mean of 4 y. 

Cardiovascular 

death, nonfatal 

stroke, or 

progression to 

NYHA class III or 

IV.  

Despite similar baseline features, pts 

with HCM mutations had increased 

risk of the combined endpoints of 

cardiovascular death, nonfatal stroke, 

or progression to NYHA class III or 

IV compared with the pts without 

mutations.  Mutation positive pts also 

had greater LV dysfunction (systolic 

and diastolic abnormalities) in 

comparison to mutation negative pts 

This study showed a direct 

relationship between a positive 

genotype and outcomes in HCM. 

Unlike pts in whom no mutation 

was identified, those with a 

sarcomere gene mutation had a 

significantly poorer prognosis. 
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Compound and 

double mutations in 

pts with HCM: 

implications for 

genetic testing and 

counseling 

 

Ingles J, et al. (14) 

To compare the 

clinical 

phenotypes in 

carries of one or 

multiple HCM 

mutations.  

Cohort 

genetic and 

clinical 

study  

80 unrelated 

HCM index 

pts and 

family 

members 

19 index pts with 1 mutation, 4 

index pts and 11 family members 

with >1 mutation. 

Clinical 

manifestations and 

course (SD, 

transplant, etc) in 

single and multiple 

mutation subjects.  

5% of the HCM cohort had >1 

mutation. 6 of 14 (43%) of affected 

individuals with >1 HCM mutation 

had sudden cardiac death vs. 10 of 55 

(18%) in affected individuals with 1 

mutation. There was an increased 

LVH in pts with >1 mutations (mean: 

30.7 mm) vs. 24.4 mm in pts with 1 

mutation.  

Multiple gene mutations cause 

more severe HCM possible due 

to a ‘‘double dose’’ effect. 

DNA indicates deoxyribonucleic acid; EKG, electrocardiogram; HCM, hypertrophic cardiomyopathy; LV, left ventricular; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; NYHA, New York Heart 

Association; patients; pts; and SD, sudden death. 
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Data Supplement 2. Invasive Therapies Table 

Study Name/Author (Citation) Aim of Study Study Design 
Study 

Size 
Patient Population Endpoints Results Comments 

Usefulness of clinical, 

echocardiographic, and 

procedural characteristics to 

predict outcome after 

percutaneous transluminal septal 

myocardial ablation. 

 

van der Lee C, et al. (15)   

To assess outcomes after 

septal ablation 

Multiple center 

retrospective 

review of 

consecutive pts  

131 pts HCM pts treated with 

septal ablation 

Complications (in-

hospital; follow-up);  

unsuccessful therapy 

Ablation success in 90%; 

complications in 15% including 

death in 3.8%. 

Long-term success 

was related to 

procedural volume. 

Septal myotomy-myectomy and 

transcoronary septal alcohol 

ablation in hypertrophic 

obstructive cardiomyopathy. A 

comparison of clinical, 

haemodynamic and exercise 

outcomes. 

 

Firoozi S, et al. (16) 

To compare subjective 

outcomes among HCM 

pts undergoing surgical 

myectomy and septal 

ablation 

Single center 

retrospective 

review 

44 pts 24 HCM pts treated 

with surgical 

myectomy; 20 HCM 

pts treated with septal 

ablation 

Echocardiographic 

gradient; NYHA class; 

cardiopulmonary 

exercise testing;  

Gradient and NYHA improvements 

were similar between the 2 treatment 

modalities. Objective exercise 

parameters improved more with 

surgical myectomy. 

  

Long-term effects of surgical 

septal myectomy on survival in 

pts with obstructive HCM.  

 

Ommen SR, et al. (17) 

To determine impact of 

surgical myectomy on 

long-term survival 

Multiple center 

retrospective 

review of 

concurrent 

patient cohorts  

1337 pts 289 HCM pts treated 

with surgical 

myectomy; 228 pts 

with obstructive HCM 

treated 

pharmacologically; 820 

nonobstructive HCM 

pts 

Overall and cardiac 

survival 

1, 5, and 10 y survival (98%, 96%, 

and 83%, respectively) after surgical 

myectomy is equivalent to healthy 

age and gender matched population. 

Overall and cardiac survival superior 

to that of obstructive pts not offered 

operation. 

30-d mortality = 

0.8%. Annualized 

cardiac mortality 

rate 0.5% per/y 

Hypertrophic obstructive 

cardiomyopathy: comparison of 

outcomes after myectomy or 

alcohol ablation adjusted by 

propensity score.  

 

Ralph-Edwards A, et al. (18) 

Review of early outcomes 

after surgical myectomy 

or septal ablation 

Single center 

retrospective 

review of 

concurrent 

patient cohorts 

150 pts 90 HCM pts treated 

with surgical 

myectomy; 60 HCM 

pts treated with septal 

ablation 

Survival, NYHA class, 

echocardiographic 

gradient 

Superior 4 y survival, gradient 

reduction, and NYHA class 

improvement were observed in the 

myectomy pts after adjusting for 

baseline differences. 
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Current effectiveness and risks 

of isolated septal myectomy for 

hypertrophic obstructive 

cardiomyopathy. 

 

Smedira NG, et al. (19) 

To assess effectiveness 

and risks of surgical 

myectomy 

Single center 

retrospective 

review of 

consecutive pts 

323 pts HCM pts treated with 

surgical myectomy 

Echocardiographic 

gradient; NYHA class; 

need for reintervention 

for HCM  

Gradient decreased from 68 mmHg 

to 17 mmHg ; no in-hospital 

mortality; freedom from 

reintervention at 8 y was 92%; 

  

Outcome of alcohol septal 

ablation for obstructive HCM. 

 

Sorajja P, et al. (20) 

Assess outcomes after 

septal ablation 

Single center 

retrospective 

review 

138 pts HCM pts treated with 

septal ablation 

Gradient, survival, 

complications  

Relief of LVOT gradient 83% 

(p<0.001);1.4% procedural death rate 

with ablation; 4 y overall survival = 

88%;  4 y survival free from NYHA 

class III to IV symptoms was 76% 

after ablation. 

Posthoc Analysis:  

among pts age <65 

y, survival free of 

symptoms was 

better with 

myectomy. 

Clinical and echocardiographic 

determinants of long-term 

survival after surgical myectomy 

in obstructive HCM.  

 

Woo A, et al. (21) 

Determine clinical and 

echocardiographic factors 

associated with long-term 

morbidity and mortality 

after surgical myectomy 

Single center 

retrospective 

review of 

consecutive pts 

338 pts HCM pts treated with 

surgical myectomy 

Mortality, predictors of 

mortality, NYHA class 

Early post-op mortality = 1.5%, 10 y 

survival = 83+/-3%; Improvement to 

NYHA class I to II observed in 83% 

Predictors of major 

CV events were 

age, female sex, 

preoperative AF, 

concomitant CABG 

and preoperative 

left atrial size 

Follow-up of alcohol septal 

ablation for symptomatic 

hypertrophic obstructive 

cardiomyopathy. The Baylor and 

Medical University of South 

Carolina experience, 1996 to 

2007. 

 

Fernandes VL, et al. (22) 

Determine long-term 

outcome after alcohol 

septal ablation 

Retrospective 

review of 

consecutive pts 

629 pts HCM pts treated with 

alcohol septal ablation 

Mortality, 

complications, repeat 

invasive therapy for 

HCM pacemaker 

requirement, and 

NYHA class 

Early mortality = 1%, 1, 5, 8 y 

survival (97%, 92%, 89%, 

respectively), Permanent pacemaker 

required in 8.2%. Mean NYHA class 

at 4-5 y decreased from 2.8 +/- 0.6 to 

1.2 +/--0.5 (p<0.001) = 1.2 

  

Transcoronary ablation of septal 

hypertrophy for hypertrophic 

obstructive cardiomyopathy: 

feasibility, clinical benefit, and 

short term results in elderly pts. 

 

Gietzen FH, et al. (23) 

Evaluate symptomatic 

and hemodynamic results 

of septal ablation in 

elderly pts 

Single center 

retrospective 

review of 

consecutive pts 

157 pts HCM pts treated with 

septal ablation. Group I 

agae <60 y, Group II 

age ≥60 y. 

Mortality, gradient, 

complications, NYHA 

class 

Early mortality similar between 

groups. Total mortality 3.8% in 

Group I vs. 9.1% in Group II. Similar 

improvement in symptoms and 

exercise time. Pts age ≥60 y more 

likely to have persistent 

atrioventricular heart block (5% vs. 

17%, p=0.015. NYHA class 

improved from 2.7 to 1.4 in Group I 

and 3.0 to 1.7 in Group II. 
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Survival after transcoronary 

ablation of septal hypertrophy in 

hypertrophic obstructive 

cardiomyopathy (TASH): a 10 

year experience.  

 

Kuhn H, et al. (24) 

Determine impact of 

septal ablation on 

survival 

Single center 

retrospective 

review of 

consecutive pts 

644 pts HCM pts treated with 

septal ablation 

Mortality (early and 

late) 

Early mortality = 1.2%, annual 

mortality = 3.2% per/ y  

Early and late 

mortality improved 

after converting to 

low alcohol dosing 

Long-Term Outcomes in High-

Risk Symptomatic Pts With 

HCM Undergoing Alcohol 

Septal Ablation.  

 

Kwon DH, et al. (25) 

Assess outcomes after 

septal ablation in high-

risk pts 

Single center 

retrospective 

review 

55 pts HCM pts at high risk 

for cardiac surgery 

treated with septal 

ablation 

Gradient, quality of life, 

NYHA class, mortality 

Gradient and quality of life improved 

at 3 mo and sustained through 1 y. 

Reduction in number of pts with 

NYHA class ≥3 (93% NYHA class 

>2). Early mortality = 2%, 1, 5, 10 y 

survival (96%, 87%, 76%) 

  

Comparison of ethanol septal 

reduction therapy with surgical 

myectomy for the treatment of 

hypertrophic obstructive 

cardiomyopathy.  

 

Nagueh SF, et al. (26) 

Compare hemodynamic 

efficacy of surgical 

myectomy and septal 

ablation 

Multicenter 

retrospective 

case-control 

comparison 

82 pts 41 HCM pts treated 

with septal ablation; 41 

age and gradient 

matched HCM pts 

treated with surgical 

myectomy 

Gradient, NYHA class, 

exercise capacity 

At 1 y after procedure, improvements 

in gradient, symptoms and exercise 

capacity were similar between the 2 

groups 

  

Outcome of pts with 

hypertrophic obstructive 

cardiomyopathy after 

percutaneous transluminal septal 

myocardial ablation and septal 

myectomy surgery. 

 

Qin JX, et al. (27) 

Evaluate results  of 

surgical myectomy as 

compared to septal 

ablation 

Single center 

retrospective 

review 

51 pts 25 HCM pts treated 

with septal ablation; 26 

HCM pts treated with 

surgical myectomy 

Gradient, NYHA class  Gradient reduction more robust with 

surgery; NYHA improvements 

similar 

Ablation pts in this 

study were on 

average 15 y older 

than myectomy pts 

Updated meta-analysis of septal 

alcohol ablating versus 

myectomy for HCM. 

 

Agarwal S, et al.  (28) 

Compare outcomes of 

HCM pts undergoing 

surgical myectomy with 

septal ablation 

Meta-analysis 12 

published 

studies 

HCM pts treated with 

either surgical 

myectomy or septal 

ablation 

Mortality, 

complications, NYHA 

class, gradient 

No differences in mortality, NYHA 

class, ventricular arrhythmia, or need 

for reintervention. Ablation pts had 

higher residual gradient and rate of 

advanced conduction abnormalities. 
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Meta-analysis of septal reduction 

therapies for obstructive HCM. 

Comparative roles of overall 

mortality and SCD after 

treatment.  

 

Leonardi RA, et al. (29) 

Compare outcomes of 

HCM pts undergoing 

surgical myectomy with 

septal ablation 

Meta-analysis 27 

published 

studies 

HCM pts treated with 

either surgical 

myectomy or septal 

ablation 

Survival and rate of 

SCD 

No differences were observed 

between the treatment strategies in 

terms of overall, cardiac or sudden 

death related survival 

  

CABG indicates coronary artery bypass graft; CV, cardiovascular; HCM, hypertrophic cardiomyopathy; LVOT, left ventricular outflow tract; NYHA, New York Heart Association; patients; pts; and SCD, sudden cardiac death. 
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Data Supplement 3. Pacing Table 

Study Name/Author 

(Citation) 
Aim of Study Study Design Study Size Patient Population Endpoints Results Comments 

Functional assessment of 

pts treated with 

permanent dual-chamber 

pacing as a primary 

treatment for HCM 

 

McDonald, K, et al. (30) 

To determine the 

improvement in 

objective exercise 

capacity in pts 

with HCM 

undergoing DDD 

pacing 

Cohort 2 center 

trial -  DDD 

pacemaker 

implanted in all 

pts 

11 pts (mean 

age 50 +/- 12 y) 

Eleven selected pts with 

obstructive HCM and 

severe symptoms 

refractory to drug therapy 

studied at 2 centers who 

underwent initial 

implantation of a DDD 

pacemakers.  

Symptoms, 

NYHA class 

and exercise 

time 

Within 1 wk, there was an 

improvement in NYHA class in all 

pts. The exercise duration increased 

from 7.7 to 11.5 min. In 5 pts at a 

follow-up of 3 mo to 1y, there was an 

increase in exercise time from 6.2 to 

8.8 min. 

One of the first studies which 

showed an improvement in 

exercise time during continuous 

DDD pacing. 

Effects of dual-chamber 

pacing in HCM 

 

Jeanrenaud, X, et al. (31) 

To determine the 

effects of acute 

and long-term 

dual-chamber 

pacing in pts with 

HCM. 

Cohort series. 

Acute pacing 

study and long-

term 

implantation of a 

dual-chamber 

pacemaker.  

13 pts with 

acute study and 

8 pts with 

follow-up (age 

56 +- 14 y) 

Selected pts with 

obstructive HCM and 

severe symptoms 

refractory to drug therapy 

NYHA class, 

outflow tract 

gradient. 

At a follow-up of 14 +/- 11 mo, 

NYHA class had decreased from III 

to II in terms of dyspnea. Outflow 

tract gradient had decreased from 67 

+/- 42 to 17 +/- 10 mmHg. When the 

pacemaker was turned off at follow-

up, the gradient was 31 +/- 36 mmHg. 

This study showed that 

synchronized and ventricular 

pacing in at an optimal 

atrioventricular interval does 

reduce intraventricular pressure 

gradient at the time of acute 

study. There is a long-term drop 

in pressure gradient during 

chronic pacing with improvement 

in functional tolerance. 

Long-term results of dual 

chamber pacing in 

obstructive HCM: 

evidence for progressive 

symptomatic and 

hemodynamic 

improvement and 

reduction of LVH 

 

Fananapazir, L, et al. (32) 

To determine the 

intermediate term 

outcome of DDD 

pacing in pts with 

HCM. 

Cohort single 

center trial - 

implant DDD 

pacemakers in all 

pts 

84 pts (mean 

age 49 +/-16 y) 

Consecutive pts with 

obstructive HCM and 

severe symptoms 

refractory to drug therapy 

referred to a single center 

Symptoms, 

NYHA class, 

LVOT 

gradient, LVH 

At a mean follow-up of 2.3 +/- 0.8 y, 

there was improvement in NYHA 

class (3.2 +/- 0.5 to 1.6 +/- 0.6, 

p<.0001). The LVOT gradient 

decreased from 100 +/- 47 mmHg to 

29 +/- 34 mmHg - p<.01. A subset of 

pts had reversal of LV wall thickness. 

The high success rate of DDD 

pacing in this cohort trial has not 

been replicated in subsequent 

randomized pacing trials.  
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DDD pacing in HCM: A 

multicentre clinical 

experience 

 

Slade, A, et al. (33) 

To determine the 

outcome of DDD 

pacing in pts with 

HCM. 

Cohort 

multicentre trial. 

Implant DDD 

pacemaker in all 

pts. 

56 pts from 4 

centers,(mean 

age 48 +/- 18 y) 

Selected pts with 

obstructive HCM and 

severe symptoms 

refractory to drug therapy 

Symptoms, 

NYHA class, 

LVOT gradient 

44 out of 53 pts had an improvement 

in functional class. At a mean follow-

up of 11 +/- 11 mo, there was a 

reduction in gradient from 78 +/- 31 

to 36 +/- 25 mmHg.  

There was symptomatic 

improvement in the majority of 

pts. However, there was no 

correlation between the 

magnitude of the gradient drop 

and the functional improvement. 

This is another study that showed 

the results of acute temporary 

pacing studies had no correlation 

with outcome. Thus, there 

remains a discrepancy between 

perceived symptomatic benefit 

and modest objective 

improvement. Also, optimal 

outcome was achieved only with 

continued pharmacologic 

treatment. 

Pacing in hypertrophic 

obstructive 

cardiomyopathy:  A 

randomized crossover 

study 

 

Kappenberger, L, et al. 

(34) 

To determine the 

intermediate term 

outcome of DDD 

pacing in pts with 

HCM. 

Randomized 

multicenter 

single blind 

crossover study. 

Pts then 

randomized to 12 

wks of activated 

pacing or 

inactivated 

pacing in a 

single blind 

crossover study. 

83 pts (mean 

age 53 :25-87 y) 

Pts with obstructive HCM 

and severe symptoms 

refractory to drug 

therapy. The pts all had 

acute hemodynamic 

response to pacing.  

Symptoms, 

exercise 

duration, and 

gradient 

NYHA class improved from 2.4 to 

1.4 for dyspnea and 1.0 to 0.4 for 

angina (p<0.007). Quality of life 

showed improvement. After 12 wks 

of pacing, the gradient fell from 59 

+/- 36 to 30 +/- 25 mmHg with active 

pacing. Exercise tolerance improved 

by 21%, but only in those pts who at 

baseline had a severe limitation of 

<10 min at Bruce protocol.  

This trial showed clinical and 

hemodynamic benefit for pts with 

hypertrophic obstructive 

cardiomyopathy and LVOT 

obstruction. This multicenter trial 

included only pts who had an 

acute hemodynamic response 

>30% reduction in gradient in the 

catheterization laboratory. There 

was no overall change in exercise 

time when looking at all pts. 

Although 70% improved, the 

degree of improvement was not 

related to acute hemodynamic 

results. 
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Dual-chamber pacing for 

HCM: A randomized, 

double-blind, crossover 

trial 

 

Nishimura, R, et al. (35) 

To determine the 

intermediate term 

outcome of DDD 

pacing in pts with 

HCM 

Randomized 

double-blind 

crossover study. 

Pts randomized 

for 3 mo each of 

DDD pacing and 

back-up AAI 

pacing. 

21 pts (Mean 

age 58; 35-74 

y). 

Single center trial of 

selected pts with 

obstructive HCM and 

severe symptoms 

refractory to drug therapy 

Symptoms, 

NYHA class, 

LVOT 

gradient, 

quality of life, 

treadmill time, 

peak VO2. 

6 mo of follow-up, LVOT gradient 

had decreased from 76 +/- 61 to 55 

+/- 38 mmHg after DDD pacing and 

83 +/- 59 mmHg after AAI pacing. 

Quality of life and exercise duration 

were significantly improved from the 

baseline state compared to the DDR, 

but not significantly different between 

the DDD arm and the back-up arm. 

63% of pts had symptomatic 

improvement during the DDD arm, 

but 42% had symptomatic 

improvement during the AAI arm. 

Peak oxygen consumption did not 

differ significantly. Symptoms did not 

change in 31% and 5% experienced 

deterioration of symptoms. 

This trial showed that dual-

chamber pacing may relieve 

symptoms and decrease gradient 

in pts with HCM, but there are 

some pts in whose symptoms do 

not change and become even 

worse. Symptomatic improvement 

may occur without hemodynamic 

benefit suggesting the role of a 

placebo effect. 

Significant improvement 

of quality of life 

following atrioventricular 

synchronous pacing in pts 

with hypertrophic 

obstructive 

cardiomyopathy. Data 

from 1 year of follow-up 

 

Gadler, F, et al. (36) 

To determine the 

outcome of 

pacing on quality 

of life during 1 y 

follow-up. 

Cohort trial - 

implant DDD 

pacemaker in all 

pts 

83 pts (mean 

age 53, 32-87 

y). 

Pts with obstructive HCM 

and severe symptoms 

refractory to drug 

therapy.  

NYHA class 

and Karolinska 

quality of life. 

At the end of 1 y, no patient had 

hemodynamic deterioration. NYHA 

class I (36 pts follow-up vs. 0 pts 

initial); NYHA class II (31 pts 

follow-up vs. 37 pts initial); NYHA 

class III (8 pts follow-up vs./ 45 pts 

initial). 76 of the pts preferred pacing 

and 4 pts preferred AAI mode. 

This study showed that 

atrioventricular synchronous 

pacing had a beneficial effect on 

most domains of quality of life at 

1 y follow-up. 
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Assessment of permanent 

dual-chamber pacing as a 

treatment for drug-

refractory symptomatic 

pts with obstructive 

HCM. A randomized, 

double-blind, crossover 

study (M-PATHY) 

 

Maron, B, et al. (37) 

To determine the 

intermediate term 

outcome of DDD 

pacing in pts with 

HCM. 

Randomized 

double-blind 

crossover study. 

DDD pacing 

implants in all 

pts, randomized 

then to a DDD 

mode and pacing 

back-up AAI 

mode in a 

double-blind 

crossover study 

design, followed 

by an 

uncontrolled 6-

mo pacing trial. 

48 pts (age 53 

+/- 17, 22-83 y). 

Pts with obstructive HCM 

and severe symptoms 

refractory to drug therapy   

Symptoms, 

NYHA class, 

LVOT 

gradient, 

quality of life, 

treadmill time, 

peak VO2. 

DDD versus AAI mode comparison at 

6 mo indicated no significant change 

in exercise capacity, quality of life, or 

NYHA class. During a 12-mo follow-

up of 6 further mo of continuous 

pacing, there was a significant 

increase in functional class and 

quality of life, but no change in peak 

oxygen consumption. The gradient 

was reduced from 82 +/- 32 mmHg to 

48 +/- 32 mmHg. There was no 

change in gradient in 43%. Only 12% 

had a clinical response (improvement 

in NYHA class, quality of life, 

treadmill time), and these were all pts 

age >65 y. 

This trial showed perceived 

symptomatic improvement was 

most consistent with a substantial 

placebo effect during the 

randomization process. Longer 

uncontrolled pacing periods had 

subjective benefit, but did not 

have objective improvement in 

cardiovascular performance and 

there was only modest reduction 

in outflow tract gradient. 

Dual chamber pacing for 

pts with hypertrophic 

obstructive 

cardiomyopathy: A 

clinical perspective in 

2000. 

 

Erwin, J, et al. (38) 

To determine the 

long-term 

outcome of pts 

with HCM. 

Cohort trial 

(single center) 

DDD 

pacemakers 

implanted in all 

pts 

28 pts (56 +/- 16 

y) 

Pts with obstructive HCM 

and severe symptoms 

refractory to drug therapy 

Symptoms and 

LVOT 

gradient. 

At a follow-up of 24 +/- 14 mo (max 

50 mo), 47% of pts improved but 

53% of pts did not improve in terms 

of symptomatic response. LVOT 

gradient decreased from 95 +/- 40 to 

62 +/- 47 mmHg. 

This is a much lower "success" 

rate with long-term follow-up of 

pts who underwent dual-chamber 

pacing, with less than half of the 

pts having symptomatic 

improvement. There was no 

difference in the gradient response 

between those pts who improved 

versus those who did not improve. 

The residual gradient was still 

>60 mmHg, which is severe 

obstruction. 

Long-term follow-up of 

pts with obstructive HCM 

treated with dual-chamber 

pacing. 

 

Megevand, A, et al. (39) 

To determine the 

long-term 

outcome of DDD 

pacing in pts with 

HCM. 

Single center 

cohort trial. 

DDD pacemaker 

implanted in all 

pts. 

18 pts (mean 

age 47 y) 

Pts with obstructive HCM 

and severe symptoms 

refractory to drug 

therapy. Only pts who 

had an initial acute 

hemodynamic benefit 

Outflow tract 

gradient and 

NYHA class 

At the end of a follow-up of 49 +/- 33 

mo, the gradient of 82 +/- 35 dropped 

to 32 +/- 23. There was a beneficial 

result in NYHA class from 2.4 to 1.8.  

This study reports the long-term 

outcome of a cohort of pts who 

had a dual-chamber pacemaker 

implanted who had a beneficial 

acute hemodynamic study. There 

was a significant reduction in 

symptoms as well as sustained 

decrease in LVOT obstruction at a 

follow-up of over 4 years. 
HCM indicates hypertrophic cardiomyopathy; LV, left ventricular; LVH, left ventricular hypertrophy; LVOT, left ventricular outflow tract; NYHA, New York Hear Association; VO2, oxygen consumption and patients, pts. 
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Data Supplement 4. Sudden Cardiac Death Risk Factor Table 

Study 

Name/Author 

(Citation) 

Aim Of 

Study 

Study 

Design 

Study 

Size 

Patient 

Population 

End-

points 
Results Comments 

              FHSCD MLVWT NSVT SYNCOPE ABPR LVOTO Multiple RF   

Prospective 

prognostic 

assessment of 

blood pressure 

response during 

exercise in pts 

with HCM.  

 

Sadoul N, et al. 

(40) 

Assess 

prognostic 

significanc

e of blood 

pressure 

response to 

exercise in 

HCM pts 

Single 

center 

prospective 

data 

collection 

of 

consecutive 

pts 

161 

pts 

HCM pts 

age <40 y 

SD Univariate         OR: 3.0, 

p<0.005 
      

Multi-

variate 

             

SD in HCM: 

Identification of 

high-risk pts.  

 

Elliott PM, et al. 

(41) 

Identify 

HCM pts at 

high risk 

for SCD 

Single 

center 

prospective 

data 

collection 

of 

consecutive 

pts 

368 pts HCM pts. 

Exclusions:  

prior SCD 

event, 

current 

amiodarone 

use, 

incomplete 

risk 

assessment 

age <40 y 

SD Univariate p=0.15 OR: 4.1, 

p=0.001 

p=0.21 p=0.13 OR: 2.4, 

p=0.04 

 2 or more RF: 

OR: 5.6, 

p=0.0001 

 

Multivaria

te 
Combine

d with 

syncope 

(OR:  

5.3, 

p=0.002) 

OR: 2.9, 

p=0.03 

p=0.18 Combined 

with family 

history 

(OR: 5.3, 

p=0.002) 

p=0.22     

Prognostic 

significance of 24 

hour ambulatory 

electrocardiograp

hic monitoring in 

pts with HCM: a 

prospective 

study. 

 

Maron BJ, et al. 

(42) 

Assess 

prognostic 

significanc

e of 24 h 

ambulatory 

ECG 

monitoring 

in HCM pts 

Single 

center 

prospective 

data 

collection 

of 

consecutive 

pts 

84 pts HCM pts. 

Exclusions: 

myectomy 

pts 

SD Univariate     p=0.02          

Multi-

variate 
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Prognosis of 

asymptomatic pts 

with HCM and 

NSVT.  

 

Spirito P, et al. 

(43) 

Assess 

prognostic 

significanc

e of NSVT 

in 

asymptoma

tic or 

mildly 

symptomati

c HCM pts 

3 center 

retrospectiv

e study 

151 pts HCM Pts. 

Exclusions:  

prior 

syncope, 

NYHA class 

>2; any 

cardioactive 

medications 

SD Univariate     p=0.24           

Multi-

variate 

              

Prognostic value 

of NSVT and the 

potential role of 

amiodarone 

treatment in 

HCM assessment 

in an unselected 

non-referral 

based patient 

population.  

 

Cecchi F, et al. 

(44) 

Evaluate 

antiarrhyth

mic 

therapy in 

HCM pts 

Single 

center 

registry  

167 pts HCM Pts. 

Exclusions:  

amiodarone 

use and/or 

absence of 

24 h 

ambulatory 

ECG 

Cardia

c and 

SD 

Univariate     NS         Only 1 SD in 

entire study 

population 

Multi-

variate 

              

Predictors of 

SCD in HCM. 

 

Maki S, et al. 

(44) 

Identify 

HCM pts at 

high risk 

for SCD 

Single 

center data 

collection.  

309 pts HCM pts, 

consecutive 

SD Univariate p=0.03 p=0.33 p=0.41 p=0.07 p=0.0002 p=0.0009    

Multi-

variate 

              

Magnitude of 

LVH and risk of 

SD in HCM 

 

Spirito P, et al. 

Assess the 

relation 

between 

LVH and 

survival in 

2 centers 

retrospectiv

e data 

collection 

480 pts HCM Pts; 

excluded pts 

with prior 

cardiac 

arrest and/or 

SD Univariate p=0.23     p=0.0006    
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(45) HCM pts no follow up Multi-

variate 

  OR: 1.76 

per 5 mm 

increase, 

p=0.003 

      p=0.76   

Relation between 

severity of LVH 

and prognosis in 

pts with HCM.  

 

Elliott PM, et al. 

(46) 

Assess 

prognostic 

significanc

e of LVH 

in relation 

to other 

SCD risk 

factors 

Single 

center data 

collection.  

630 pts HCM pts, 

consecutive 

SD or 

ICD 

dischar

ge 

Univariate  OR: 1.31 

per 5 mm 

increase, 

p=0.03 

    OR: 2.1, 

p=0.0001 

  

Multi-

variate 

  OR: 1.26 

per 5 mm 

increase, 

p=0.06 

        OR: 2.0, 

p=0.0001 

Maximum left 

ventricular 

thickness and risk 

of SD in pts with 

HCM. 

 

Olivotto I, et al. 

(47) 

Assess 

relationship 

between 

LVH and 

outcome in 

HCM pts 

Single 

center data 

collection.  

237 pts HCM pts, 

consecutive 

SD or 

ICD 

dischar

ge 

Univariate   p=0.27             

Multi-

variate 

              

LVOT and SD 

risk in pts with 

HCM.  

 

Elliott PM, et al. 

(48) 

Assess 

influence 

of 

symptoms 

and 

LVOTO on 

risk for 

SCD in 

HCM pts 

Single 

center data 

collection.  

917 pts HCM pts, 

consecutive 

SD or 

ICD 

dischar

ge 

Univariate       OR: 1.8-2.0, 

p<0.001 

  

Multi-

variate 
OR: 1.9, 

p=0.04 

p=0.2 OR: 

3.8, 

p<0.000

1 

OR: 2.3, 

p=0.01 

p=0.3 OR: 1.01 

per 

mmHg, 

p=0.002 

  OR: 3.8 if 

LVOTO >90 

mmHg, 

p=0.005 

Syncope and risk 

of SD in HCM. 

 

Spirito P, et al. 

(49) 

Assess 

clinical 

implication

s of 

syncope in 

Multicenter 

data 

collection 

1511 

pts 

HCM pts, 

consecutive 

SD or 

ICD 

dischar

ge 

Univariate    p=0.08      
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HCM pts Multi-

variate 

p=0.12 p=0.06   p=0.29;    p=0.29   For 

unexplained 

syncope <6 mo 

prior to 

evaluation, 

OR: 4.9, 

p=0.006 
ABPR indicates abnormal blood pressure response; ECG, electrocardiogram; FHSCD, family history of sudden cardiac death; HCM, hypertrophic cardiomyopathy; ICD, implantable cardioverter-defibrillator; LVH, left ventricular 

hypertrophy; LVOTO, left ventricular outflow tract obstruction; MLVWT, maximum left ventricular wall thickness; NSVT, nonsustained ventricular tachycardia; NYHA, New York Heart Association; OR, odds ratio; patients; pts; 

RF, risk factor; SCD, sudden cardiac death and SD, sudden death.  
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