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       Sleep-Disordered Breathing in Hypertrophic 
Cardiomyopathy 
 Challenges and Opportunities 

      Tomas     Konecny   ,   MD, PhD   ;   and     Virend K.     Somers   ,   MD, DPhil, FCCP               

  Sleep-disordered breathing (SDB) may be a treatable risk factor in patients with hypertrophic 

cardiomyopathy (HCM), the most common inherited cardiomyopathy. Evidence suggests a 

high prevalence of SDB in HCM. We summarize the pathophysiology of SDB as it relates to 

hypertension, coronary artery disease, atrial fi brillation, and sudden cardiac death in patients 

with HCM. The implications regarding the care of patients with HCM and SDB are discussed as 

well as the knowledge defi cits needing further exploration.     CHEST 2014;  146  ( 1 ): 228 - 234  
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         Documented morbidity and mortality related 

to hypertrophic cardiomyopathy (HCM) 

possibly reach as far back as the ancient 

Greek messenger Pheidippides, who shouted 

“Niki!” (“Victory!”), collapsed, and died in 

490  bc  aft er running from the battlefi eld in 

Marathon to Athens.  1   However, to our 

knowledge, the fi rst modern pathologic and 

clinical reports of HCM were published only 

in the latter half of the 20th century.  2   HCM is 

the most common inherited cardiomyop-

athy, which phenotypically aff ects one in 

500 adults in the general population.  3   At least 

11 causative genes expressed primarily or 

exclusively in the heart have been identifi ed, 

and these are believed to encode thick and 

thin myofi lament proteins or contiguous 

Z-discs in the cardiac myocytes. Even though 

the exact disease mechanisms remain targets 

of ongoing investigation, the key processes at 

the cellular level involve increased myocyte 

size, accumulation of fi broblasts in the 

myocardium (collagen secretion leading to 

fi brosis), and malalignment of myocytes and 

sarcomeres. At the macroscopic level, the 

hearts of patients with HCM commonly 

manifest asymmetric ventricular septal 

hypertrophy leading to dynamic left  ventric-

ular outfl ow tract obstruction, systolic 

anterior motion of the mitral valve leading to 

mitral regurgitation, and increased stiff ness 

of the ventricular myocardium leading to 

impaired diastolic fi lling. Occurrences of 

sudden cardiac death (SCD), exemplifi ed by 
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the tragic on-court death of the Boston Celtics and 

National Basketball Association all-star Reggie Lewis in 

1993, represent an important, but small minority of 

patients with HCM. More typical is a gradual progression 

of symptoms, with eventual development of chronic heart 

failure.  4 - 6   Importantly, many patients are relatively 

asymptomatic throughout their lives.  4 - 6        

 Current Th erapeutic Options 

 Even though the management of HCM should be 

tailored to the needs of each aff ected individual, both 

the 2003 and the 2011 guidelines list the three most 

prevalent symptomatic presentations to be  2  : (1) heart 

failure, which may be progressive and can lead to 

end-stage dysfunction; (2) atrial fi brillation (AF), which 

in patients with HCM carries a particularly unfavorable 

prognosis and oft en is itself associated with worsening 

heart failure; and (3) SCD, which strikes a small 

minority of patients with HCM for whom primary and 

secondary preventive placement of an implantable 

cardioverter-defi brillator (ICD) may play a crucial 

role.  2 , 7   Th e treatment algorithm outlined in the guide-

lines integrates the use of medical therapy ( b -blocking 

agents, verapamil, and disopyramide) as well as invasive 

measures (surgical myectomy, alcohol ablation, and 

placement of an ICD) when appropriate indications 

arise. Unfortunately, many heart failure symptoms 

progress despite the best available treatments; hence, 

novel therapeutic approaches are needed.   

 Identifying the Need 

 Clinical investigation of the role of sleep-disordered 

breathing (SDB) in patients with HCM is in a relatively 

early stage, hence, screening and treatment of SDB have 

not been incorporated into the routine management of 

HCM.  2 , 8   Identifying potential links between SDB and 

HCM is important because SDB may contribute a 

uniquely reversible risk factor for HCM pathophysi-

ology given that it has widely available and relatively 

benign treatment options that carry a favorable profi le 

of side eff ects (weight loss, postural therapy, mandibular 

devices, and CPAP).  9   Here, we explore some of the key 

pathophysiologic consequences of SDB, which may have 

direct relevance to patients with HCM, and review the 

emerging evidence suggesting associations between SDB 

and adverse outcomes in HCM.   

 Defi nitions 

 Th e current guidelines defi ne HCM as a disease state 

characterized by unexplained left  ventricular (LV) 

hypertrophy associated with nondilated ventricular 

chambers in the absence of another cardiac or systemic 

disease that itself would be capable of producing the 

magnitude of hypertrophy evident in a given patient.  2   

In clinical practice, HCM is usually recognized by 

asymmetric LV wall thickening (commonly  $  15 mm 

on echocardiography).  2   

 SDB is defi ned according to the standard criteria set forth 

by the American Academy of Sleep Medicine.  10 - 13   Th e 

most common type of SDB is OSA, and much of the 

pathophysiologic understanding of SDB relies on studies 

of OSA in patients without HCM. A further limitation is 

that many of the studies of sleep pathology in patients with 

HCM used overnight oximetry in the diagnosis of SDB. 

Th is technique is more readily available and aff ordable 

than polysomnography; however, oximetry alone provides 

only a limited characterization of SDB and cannot 

diff erentiate among the various types of sleep apnea.   

 Relevance of SDB Pathophysiology to HCM 

 Th e current HCM guidelines support management 

algorithms beginning with the screening and treatment 

of comorbidities known to be particularly deleterious in 

patients with HCM (ie, hypertension, hyperlipidemia, 

diabetes mellitus, AF).  2 , 7 , 14   An increasing body of 

evidence emerging from non-HCM study cohorts 

supports the notion that SDB may increase cardiovascu-

lar risk and that treatment of SDB may lead to improved 

outcomes.  15   Given that patients with HCM are uniquely 

susceptible to the dangers of cardiovascular comorbidi-

ties, such as AF  7   and coronary artery disease,  14   it would 

be reasonable to consider whether their initial manage-

ment should include routine screening for SDB and its 

eff ective treatment, if applicable ( Fig 1 ). Th is section 

summarizes the key fi ndings on the relationships 

between SDB and cardiac pathologies most relevant to 

patients with HCM; however, much of these data 

originated from non-HCM studies, and caution is 

advisable in their extrapolation to HCM. (For studies 

focusing on SDB in patients with HCM, see the Implica-

tions of Comorbid SDB in Patients With HCM section.)      

 Hypertension 

 Hypertension in patients with HCM is believed to result 

in additive adverse consequences.  16   Well-conducted 

prospective non-HCM studies link increasing BP and 

incident hypertension with the presence and severity of 

SDB, independent of confounding variables (especially 

age, sex, and obesity).  17   Th e physiologic nocturnal 

decrease in BP is attenuated in patients with SDB, 
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resulting in the so called nondipping BP pattern. 

Treatment of SDB leads to a relatively modest, but 

signifi cant reduction in BP,  18   and this conclusion is 

supported by several meta-analyses on the topic.  19   

Current guidelines on hypertension recommend 

treatment of SDB as a nonpharmacologic BP-lowering 

intervention.  20   

 Elevated BP, especially at night,  21   is an important cause 

of LV hypertrophy. OSA in and of itself has also been 

implicated in diastolic dysfunction  22   and ventricular 

thickening.  23   Whether and how OSA or OSA-induced 

hypertension modulate ventricular thickening in HCM 

remain to be determined.   

 Coronary Artery Disease 

 Coronary atherosclerosis potentiates a negative 

prognosis in HCM.  2 , 24   Among patients without HCM, 

myocardial ischemia and infarction are independently 

associated with SDB, and patients with untreated SDB 

experience an increased incidence of adverse outcomes 

connected with coronary artery disease (all-cause and 

cardiac mortality)  15   as well as an increased rate of 

nocturnal myocardial infarction.  25   SDB is highly 

prevalent in patients with ischemic heart disease and 

oft en remains undiagnosed, even aft er admission for 

myocardial infarction.  26     

 Atrial Fibrillation 

 Th e occurrence of AF in patients with HCM oft en 

portends a rapid progression in heart failure symptoms, 

and the available therapeutic options for maintaining 

sinus rhythm in HCM are far from optimal.  7 , 27   In 

non-HCM studies, SDB has been strongly and indepen-

dently associated with the incidence of AF.  28   Prospective 

data from patients aft er cardioversion  29   and aft er pulmo-

nary vein isolation  30   show that AF recurs more oft en in 

those with SDB than in those without and suggest that if 

patients with SDB tolerate eff ective treatment with CPAP, 

the risk of AF recurrence is reduced. Among a number of 

potential mechanisms,  31   data from patients without HCM 

suggest that increased atrial size may contribute to the 

greater preponderance of AF in patients with SDB.  16 , 32   Th e 

association of SDB and AF remains signifi cant aft er 

accounting for BMI, neck circumference, hypertension, 

and diabetes mellitus.  28     

 Sudden Cardiac Death 

 Optimal risk stratifi cation for ICD placement plays an 

important role in HCM management, and the current 

criteria identifying patients in need of primary 

prevention are undergoing continual evidence-based 

revisions.  2 , 33   A signifi cant proportion of patients with 

HCM suff er sudden death or its equivalent during the 

night.  32   Non-HCM data focusing on the diurnal 

variation of SCD show that patients free of SDB have 

the greatest likelihood of sudden death between 6 and 

11  am ; in striking contrast, more than one-half of 

SCDs in patients with SDB occur during the night 

(10:00  pm- 6:00  am ).  15 , 34   Other data in patients with 

ICDs show that device fi ring for ventricular arrhyth-

mias occurs more commonly at night in patients with 

OSA.  35   If SDB can play a role in nocturnal ventricular 

arrhythmias and sudden death in patients without 

HCM, it is conceivable that patients with HCM could 

also be similarly aff ected, with SDB potentiating the 

risk of sleep-related cardiac events in these patients. 

Further studies on this possible association would be 

clinically relevant.    

 Implications of Comorbid SDB in Patients 
With HCM 

 Studies in patients with HCM have encountered two 

inherent obstacles. First, the relatively low population 

prevalence of HCM poses a challenge to subject 

recruitment and may lead to insuffi  cient power and 

referral bias. Th e second obstacle lies in the wide 

spectrum of HCM phenotypes, which complicates 

systematic classifi cation, analysis, and generalizability 

of results. Th erefore, it is not surprising that there is a 

paucity of large randomized controlled studies. On the 

  

 Figure 1  –     Suggested modifi cation to the fl owchart of the management of 
patients with phenotypic HCM (altered steps are highlighted in gray). 
*Current HCM guidelines. DM = diabetes mellitus; HCM = hypertrophic 
cardiomyopathy; HTN = hypertension; incl. = including; SDB = sleep-
disordered breathing.    
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other hand, a number of reports have suggested a 

compelling case for SDB as a highly prevalent, poten-

tially harmful, and uniquely treatable comorbidity in 

patients with HCM.  

 Prevalence 

 The prevalence of SDB in patients with HCM, 

averaged from the four available studies, is about 62% 

( Fig 2 ). An important caveat is that most of these 

studies used overnight oximetry as opposed to 

complete polysomnography in the diagnosis of SDB. 

The wide range of 40% to 83% is partly due to varying 

definitions of SDB in these studies.  10 , 27 , 36 , 37   Although 

this may seem extraordinarily high, a similarly 

common prevalence of SDB has been reported in 

patients with ischemic cardiomyopathy.  38   Indeed, 

patients after myocardial infarction, who in prospec-

tive studies also manifest a very high SDB prevalence, 

may often be significantly underdiagnosed in the 

real-world setting ( Fig 2 ).  26   Further studies are 

needed to define how many patients with HCM have 

undiagnosed SDB and to estimate which subgroup of 

patients with HCM could benefit from routine sleep 

apnea screening ( Fig 1 ).       

 Symptoms 

 A greater proportion of patients with HCM and SDB 

admit to functional impairment as measured on the 

New York Heart Association scale compared with those 

without SDB.  36   Anecdotal reports suggest that heart 

failure symptoms in patients with HCM may improve 

with successful treatment of severe SDB.  39   Studies 

currently under way are assessing whether objective 

measures of functional impairment (peak oxygen 

consumption calculated during standardized exercise 

testing) are independent of the many confounding 

factors, particularly obesity and increased age.  40   Such 

data are particularly clinically relevant in HCM given 

that in many patients with HCM, exercise limitations 

can go unnoticed until exposed by a provocative exercise 

  

 Figure 2  –     SDB in patients with HCM  10 , 27 , 36 , 37   approaches a similar prevalence as that reported for SDB in patients with ischemic cardiomyopathy.  26   SDB 
in patients with MI oft en is underdiagnosed (the 12% of documented SDB in the real-world sample of these patients is in striking contrast with the 
prevalence of 68% when such patients undergo routine screening for SDB as part of a study setting).  26   Whether SDB is under diagnosed in patients with 
HCM has not been studied. SDB is defi ned as an oxygen desaturation index  $  5 or apnea-hypopnea index  $  5.  * In this study, SDB was defi ned as an 
apnea-hypopnea index of  $  15.  *  * Overnight attended polysomnography was used in this study to detect sleep apnea. MI = myocardial infarction; 
pts = patients. See  Figure 1  legend for expansion of other abbreviations. (Reprinted with permission from the Mayo Foundation for Medical Education 
and Research. All rights reserved.)    
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 Figure 3  –     The presence and severity of SDB is independently 
associated with a greater prevalence of atrial fibrillation and with an 
increased LAVI as measured by transthoracic echocardiography. A 
and B, Analysis according to various cutoffs for ODI. † P  value 
adjusted for age, sex, mitral valve regurgitation, ratio of mitral 
velocity to early diastolic velocity of the mitral annulus, and left 
ventricular outflow tract pressure gradient. ‡ P  value adjusted for age, 
sex, BMI, hypertension, diabetes mellitus, and history of coronary 
artery disease. AF = atrial fibrillation; LAVI = left atrial volume 
index; ODI = oxygen desaturation index. See  Figure 1  legend for 
expansion of other abbreviation. (Adapted with permission from 
Konecny et al.  27  )    

study with objective measurement of physical perfor-

mance.  41   Impaired quality of sleep, which patients with 

HCM commonly report, can also contribute to a 

decreased quality of life as recorded by the Minnesota 

Living with Heart Failure Questionnaire.  42   Whether 

these sleep symptoms are secondary to SDB and, hence, 

potentially remediable with SDB treatment, remains to 

be determined.   

 Atrial Arrhythmias 

 Several studies provide evidence for an independent 

association between AF and SDB in patients with 

HCM.  27 , 37   These data also support the notion that 

increasing SDB severity relates to a high prevalence 

of AF in HCM and that SDB is associated with the 

most important risk factor for AF: increased left 

atrial size ( Fig 3 ).  27   SDB-induced alterations to the 

autonomic nervous system (including changes in 

sympathetic-parasympathetic balance and other 

more complex modulations through the intrinsic and 

extrinsic cardiac ganglia) likely play a contributory 

role in this association, and epidemiologic studies 

exploring these pathophysiologic links are under 

way.  43   Promising evidence from canine studies 

suggests that radiofrequency ablation of the 

ganglionated plexi adjacent to the right-side pulmo-

nary veins reduces the susceptibility to AF during 

acute apneic episodes.  44         

 Ventricular Arrhythmias 

 Whether the existence of SDB can be related to the 

occurrence of ventricular arrhythmia or SCD experi-

enced by patients with HCM remains unclear, but 

termination of recurrent ventricular tachycardias in 

patients without HCM aft er initiation of eff ective SDB 

treatment has been reported.  45      

 Knowledge Defi cits in Comorbid SDB and 
HCM  

 Epidemiology of SDB in HCM 

 Delineation of possible associations among the various 

types of SDB (obstructive, central, Pickwickian) and 

cardiovascular pathology (hypertension, extent of 

hypertrophy, proarrhythmic potential, cardiovascular 

peak performance) could help identify the optimal 

screening and treatment strategies in HCM. Even 

though OSA likely represents by far the most common 

SDB in HCM, with 75% of patients with HCM and SDB 

reported to have OSA,  10   additional studies are needed to 

confi rm these fi ndings in a larger cohort with reduced 

selection and referral bias.   

 The Need for a Randomized Trial of SDB 

Treatment in HCM 

 Treatment of sleep apnea, whether by weight loss, 

postural therapy, mandibular devices, or CPAP, is 

accompanied by relatively few side eff ects in otherwise 

healthy patients, but data on patients with HCM are 

lacking. How SDB treatment would aff ect outcomes of 

patients with HCM needs to be carefully considered 

and requires experimental validation. On the one 

hand, there are anecdotal reports of symptomatic 

improvement in patients started on CPAP, but on the 
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other hand, the positive intrathoracic pressure exerted 

by CPAP theoretically could result in worsening 

hemodynamics in some patients. Defi nitive evidence of 

an improvement in outcomes elicited by screening and 

treating SDB in patients with HCM requires a well-

designed randomized trial. Powering such a trial would 

require a relatively large cohort of subjects and, hence, 

a close coordination of centers specializing in HCM 

care. Given the potential of SDB treatment to reduce 

symptoms, improve quality of life and clinical out-

comes, and improve the economics of care in patients 

with HCM, we propose that a coordinated eff ort 

leading to a randomized trial be undertaken in the 

near future.      
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