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Abstract
Hypertrophic cardiomyopathy (HCM) is a genetic cardiovascular disease that predisposes individuals to the development of arrhythmias. 

The most common sustained arrhythmia is atrial fibrillation (AF). Compared with the general population, patients with HCM are more prone 
to the development of AF. To avoid embolic complications and the clinical deterioration caused by the development of AF in HCM, identifying 
patients with a tendency toward AF might affect the management of HCM. In this review, we evaluated the predictors of AF development in 
patients with HCM.

Introduction
Hypertrophic cardiomyopathy (HCM) is the most common 

genetic cardiovascular disorder, with a prevalence of 1:500 in 
population-based studies.1 Diagnosis is based on the demonstration 
of a hypertrophied left ventricle (LV) with a wall thickness of ≥15 
mm that cannot be explained solely by the loading conditions. 
In most cases, a mutation in the gene that encodes a sarcomeric 
protein causes the disease, and it is inherited mostly as an autosomal 
dominant genetic trait.2 The disease spectrum  is wide, including an 
asymptomatic state, the development of symptoms of heart failure due 
to impaired diastolic functions or LV outflow (LVOT) obstruction, 
sudden cardiac death, progression to LV systolic dysfunction, atrial 
fibrillation (AF), and related embolic complications.2

AF is the most common sustained arrhythmia in patients with 
HCM.3 It occurs in ~1% of the general population,4 but 20–30% of 
patients with HCM.4-6 Approximately 2–3.8% of HCM patients are 
diagnosed with AF annually.7-9 Since LV filling is dependent mostly 
on atrial contraction in HCM patients, AF is poorly tolerated by these 
patients since it reduces LV filling time and causes further impairment 
in LV diastole. Development of AF causes acute symptoms such as 
palpitations, dyspnea, and chest pain. The clinical worsening might 

be more prominent in those with LVOT obstruction and those with 
severe diastolic dysfunction. In these patients development of AF 
might cause hypotension, lightheadedness, presyncope, and syncope. 
By decreasing LV diastolic filling time during the tachycardia, AF 
may also provoke or worsen an LVOT gradient. A study investigating 
impact of AF on stroke displayed an obviously increased risk in the 
patients with AF compared with those in sinus rhythm.5 AF is 
associated not only with an increased risk of stroke but also with 
an increased risk of advanced heart failure,6,7 and stroke-related 
deaths6 in HCM population. AF was also proved to cause premature 
deaths in an Italian HCM  cohort.10 Therefore, understanding the 
predictors of AF and the management of these determinants before 
AF develops is important clinically. In this review, we evaluated the 
predictors of AF development in patients with HCM (Table 1 and 
Figure 1). 
Left Atrial Structural Remodeling

Left atrial (LA) enlargement is common in HCM. The LA is a 
thin-walled cardiac chamber that is exposed to LV end-diastolic 
pressure (LVEDP). In HCM, elevated LVEDP causes an increase 
in LA afterload; in response LA enlarges and secondary atrial 
myopathy is observed.11 Atrial tissue fibrosis was observed in 
pathological specimens from HCM patients, which might have been 
a consequence of secondary atrial myopathy.12 Fibrosis could impair 
the propagation of sinus impulses in atrial tissue and thereby play an 
important role in the development of AF.

The size of the LA is strongly associated with the development 
of AF in patients with HCM.3 Although different thresholds 
for using the size of the LA to predict AF in HCM populations 
have been used in different trials, the most accepted LA size is 
≥45 mm.5,13 Guidelines from the European Society of Cardiology 
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LA phasic functions for predicting the development of AF. Therefore, 
further data are needed.
LA Electrical Remodelling

Sinus impulses spread homogenously in the atrial myocardium. 
The distribution of discontinuous and heterogeneous sinus impulse 
propagations, an increased dispersion of atrial refractories, and 
fragmentation of intra-atrial conduction could cause atrial reentry. 
Two electrocardiographic parameters might provide data regarding 
the distribution properties of impulses: P wave duration (Pdur), and 
P-wave dispersion (PWD).20 The value of Pdur for predicting the 
development of AF in a HCM cohort was assessed by Cecchi et al.21 

They demonstrated that measuring a Pdur of ≥140 msn in the sinus 
rhythm using high resolution signal-averaged electrocardiography 
identified patients with HCM who were likely to develop AF with 
sensitivity, specificity, and positive-predictive accuracy values of 56%, 
83%, and 66%, respectively.21 Measuring Pdur is a non-invasive 
technique, but it is not practical for use in routine clinical evaluations. 
Instead, measuring the maximum P wave duration (Pmax) and 
PWD using surface 12-lead ECGs is more practical. Ozdemir et al. 
assessed the value of these two parameters in patients with HCM. 
They reported that a Pmax of >134.5 ms separated HCM patients 
with and without AF with a sensitivity of 92%, specificity of 89%, and 
a positive predictive value of 80%.22 A PWD of >52.5 ms separated 
HCM patients with AF from those without AF with a sensitivity of 
96%, a specificity of 91%, and a positive predictive accuracy of 84%.22 

In addition, assessing both electrocardiographic parameters as well 
as atrial electromechanical dyssynchrony using echocardiography23 

helps to identify prolonged atrial conduction noninvasively. A 
chronically elevated LV filling pressure in patients with HCM 
might cause secondary atrial myopathy,11 which contributes to atrial 
dyssynchrony and a prolonged PWD;24 however, a study assessing 
the predictive value of  atrial dyssynchrony for the development of 
AF in a population with HCM has not yet been reported.

Previously, the association between LA electrical and mechanical 
remodelling in HCM patients with sinus rhythm was investigated. 
Negative correlations between LA total emptying fraction (LA 
reservoir function)  and PWD and atrial dyssynchrony were shown in 
these patients.24 No association between LA active emptying fraction 
and LA electrical remodelling was detected. The LA total emptying 
fraction was related to AF development,18 however; the value of LA 
active emptying fraction  in predicting AF  development in HCM 
population was not assessed in a follow up study.
Genetic Factors

The tendency of some families with HCM to development of 
AF and incidence of AF in patients with small LA (LA diameter 
≤40 mm) have raised suspicions about the genetic inheritance of 
AF in patients with HCM.3 This hypothesis is supported indirectly 
by observations that a specific myosin heavy-chain mutation 
(Arg663His) increased the risk of developing AF.25 A study of 24 
patients with Arg663His mutations revealed that there was a high 
prevalence of AF. Specifically, 47% of these individuals developed 
AF over a 7-year follow-up period.25 In addition to sarcomeric gene 
mutations, a group of non-sarcomeric genes have been investigated to 
assess the genetic predisposition of individuals with HCM to develop 
AF. The possible role of aldosterone in atrial structural and electrical 
remodelling, increasing collagen biosynthesis, and cardiomyocyte 
apoptosis attracted attention toward genes in the renin angiotensin 

advised that 48-h ambulatory electrocardiogram (ECG) monitoring 
should be performed every 6–12 months to detect AF in patients 
who are in sinus rhythm (SR) and have an LA diameter ≥45 mm.13 
Regardless of whether AF attacks are paroxysmal or persistant and 
whether they cause symptoms or are asymptomatic, patients with 
documented AF should be administered anticoagulant therapy.14 
Although measuring LA diameter when assessing the susceptibility 
of patients for AF development is practical and used commonly in 
routine echocardiographic evaluations, calculating the LA volume 
index (LAVI) provides more information regarding LA remodeling 
than does measuring its diameter alone.15,16 LAVI is also superior to 
measuring LA diameter for predicting AF in patients with HCM; 
specifically, a LAVI cutoff value of ≥34 mL/m2 was associated 
with the development of paroxysmal AF attacks.15 Changes in the 
LA volume and related functions proceed according to the Frank-
Starling mechanism in patients with HCM, which explains failure of 
LA function in response to larger LAVs in patients with HCM.11,17 

We demonstrated recently that LA functions were preserved until the 
LAVI reached 40 mL/m2, but that further increases in LAVI resulted 
in deteriorated LA functions.11 These observations might lead to the 
more compherensive follow-up of patients with a LAVI of ≥ 40 mL/
m2. Recently, Maron et al. suggested that an LA cutoff volume of ≥118 
mL predicted the occurrence of AF with 71% sensitivity and 65% 
specificity in populations with HCM.18 Therefore, LA functions and 
volumes should be evaluated compherensively to identify individuals 
at risk before the onset of AF. The prophylactic use of anticoagulants 
for stroke prevention in patients with LA dysfunction has not yet 
been investigated or recommended.

LA Mechanical Remodelling
 Three phases of LA mechanical function occur during a cardiac 

cycle.19 First, during ventricular systole the LA collects and stores 
blood to function as a “reservoir”, which is also named the LA total 
emptying fraction. Second, during the early phase of ventricular 
diastole the LA transfers blood passively into the LV to serve as a 
“conduit”, which is also named the LA passive emptying fraction. 
Third, the LA functions has a “contractile” function to push blood 
actively into the LV, which is also named the LA active emptying 
fraction or booster pump function.19 The phasic functions of the LA 
have been used to predict the development of AF episodes in patients 
with HCM.18 For example, Maron et al. used the LA total emptying 
fraction (expressed as LAEF <38%) to predict future clinical AF 
events. However, the authors did not evaluate the value of other two 

            

Figure 1: Contributors and predictors of atrial fibrillation risk in hypertrophic 
cardiomyopathy
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predicting the development of AF using the duration and degree of 
mitral regurgitation might be valuable. 
Myocardial Fibrosis

 Myocardial fibrosis is a known predictor of ventricular arrythmias 
in patients with HCM.37 However, a study investigating pathological 
specimens of HCM patients with and without AF reported that a 
greater proportion of myocardial fibrosis in the LV was observed in 
individuals with AF compared with those without AF, suggesting 
that the severity of myocardial fibrosis is related to the development 
of AF in HCM.38 It is possible that myocardial fibrosis contributes to 
the development of AF by increasing LV stiffness and elevating LV 
end-diastolic pressure. However, limited data are available, and larger 
studies are needed.

Higher levels of brain natriuretic peptide (BNP) are detected in 
HCM patients with AF compared with those in SR.31 The predictive 
value of BNP for the development of AF has not been investigated 
in a large study. The levels of the N-terminal portion of pro-BNP 
(NT-pro-BNP) were related to the failure of LA reservoir function.11 
In addition, an impaired LA reservoir function was related to the 
development of AF in HCM patients.17 This suggests that BNP might 
predict AF development in HCM. However, in a study evaluating 
the relationship between the prevelance of AF and the levels of 
high-sensitive cardiac troponin T (hs-cTnT) and BNP in obstructive 
HCM, hs-cTnT, but not BNP, levels were related to the prevalence of 
AF.39 Moreover, hs-cTnT levels were significantly higher in patients 
with persistent AF compared with in those with paroxysmal AF or in 
those without AF. The leakage of troponin from dying atrial myocytes 
and during AF-induced myocardial ischemia were suggested as the 
sources of troponin release in HCM.39 Therefore, larger studies are 
needed to assess the potential of routine biomarker measurements in 
clinical practice to identify HCM patients that are likely to develop 
AF. 
Conclusion

 It is important to recognize HCM patients who are more prone to 
the development of AF early to avoid the devastating consequences 
of AF. LA remodeling remains the cornerstone for predicting AF. 
ECG also identifies patients with prolonged atrial conduction. In 
addition, increased age contributes to AF development. Assessing all 
these predictors on an individual basis and the close follow-up of 
patients with multiple risk factors before the embolic complications 
of AF occur might be useful. A risk scoring system for both sudden 
cardiac death and the development of AF that involves the above 
predictors might be helpful for the primary prevention of AF in 
HCM patients.

aldosterone system (RAAS).26 Belenkov et al. investigated different 
polymorphisms in various RAAS genes in patients HCM, and 
showed that 1166/ polymorphisms of AGTR1 was a predictor of 
AF development, whereas −344 / polymorphisms of CYP11B2 had 
no association with AF development.27 However, a recent study that 
analyzed a Caucasian population with HCM showed a role of the 
–344T>C CYP11B2 gene polymorphism in the secretion of serum 
aldosterone, and suggested a link between this polymorphism and AF 
development in HCM patients.9 Therefore, further data are needed 
to better understanding the role of the RAAS genes in predicting 
AF in HCM.
Age

Age is a well-known predictor of AF in the general population.28 
Increased age also contributes to the development of AF in HCM;18 

however, there is also evidence that a large number of HCM patients 
aged <60 years also developed AF.29 For example, one study reported 
that AF developed in a wide age range of patients (19–82 years) with 
HCM.3 Our previous report explaining that the presence of LA 
appendage dysfunction in sinus rhythm was independent of age in 
a HCM cohort also raised concerns over the need for additional AF 
predictors that could be used in relatively young HCM population.30 

Olivotto et al. reported that an age at diagnosis of >50 years was a 
predictor of AF in a multivariate analysis that included LA diameter, 
functional class, maximum LA wall thickness, and the presence of 
≥30 mmHg gradient in LVOT; however, LV filling pressure was not 
studied.5 Recently, Maron et al. reported an age threshold of ≥40 
years for predicting AF in their HCM cohort.17 A late diagnosis 
of HCM might be associated with a long duration of exposure to 
a high LV filling pressure. Taken together, these findings suggest 
that increased age contributes to the development of AF in HCM 
patients. Nevertheless, more studies are needed to identify young 
patients at risk of developing AF for the early management of these 
patients.
Left Ventricular Outflow Obstruction

Confounding data have been reported in studies that assessed 
the effect of LVOT obstruction or the magnitude of the gradient 
in LVOT on AF development. The largest retrospective single-
center study designed to characterize the prevalence, clinical, and 
echocardiographic correlates of AF included 3023 patients with 
HCM who remained in SR and 650 HCM patients with AF, and 
revealed that AF was less common in patients with an obstructive 
HCM phenotype.31 In contrast, Autore et al. suggested that a higher 
proportion of patients with LVOT obstruction developed either 
paroxysmal or chronic AF compared with those without LVOT 
obstruction during follow-up.32 The discrepancy in these studies 
might be caused by the dynamic state of the LVOT gradient, rather 
than the constant state observed in aortic stenosis. It is not possible 
to estimate the duration and magnitude of the LVOT gradient that 
an HCM patient is exposed throughout their life because of the 
dynamic nature of the LVOT obstruction. As such, it is controversial 
whether LVOT obstruction contributes to LA remodelling.33-35 A 
more severe LVOT gradient causes more a severe systolic anterior 
motion of mitral valve, which results in a more severe mitral 
regurgitation36 that might cause LA function to deteriorate. It could 
be concluded that the contribution of LVOT obstruction to LA 
remodelling might be caused by the resultant mitral regurgitation as 
a result of the systolic anterior motion of the mitral leaflets. Therefore, 

LA = Left atrium; LAEF = Left atrial ejection fraction

Table 1: Predictors of atrial fibrillation risk in hypertrophic cardiomyopathy

Study Variables Cutoff values

Maron et al.18 Age ≥ 40 years

Olivotto et al.5 LA diameter > 45 mm

Maron et al.18 LA end-diastolic volume ≥ 118 mL

Tani et al.15 LA volume index ≥ 34 mL/cm2

Maron et al.18 LAEF < 38 %

Ozdemir et al.22 Maximun P-wave duration > 134.5 ms

Cecchi et al.21 Filtered P wave duration ≥ 140 ms

Ozdemir et al.22 P wave dispersion > 52.5 ms
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