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Background: Apical Hypertrophic Cardiomyopathy (ApHCM) isarare form ofhypertrophic
cardiomyopathy with sarcomere protein gene mutations, which predominantly affects
the apex of the left ventricle. Sudden Cardiac Death (SCD) and cardiovascular morbidity
are less likely to occur in patients with isolated ApHCM. However, recent data suggested
annual cardiac death rates of 0.5 - 4%, approaching those for classic HCM.

Objectives: The present study aimed to assess the prevalence of burned-out ApHCM and
its predictors.

Methods: In this retrospective cross-sectional study, echocardiographic data and
electrocardiography features of 230 patients with ApHCM including premature
ventricular contraction and atrial fibrillation were gathered and analyzed at baseline
and after a mean follow-up of five years. All data were obtained from the data registry
of Rajaie Cardiovascular Medical and Research Center, Tehran, Iran. The data were
included in a retrospective study, which was approved by the local Ethics Committee.
The patients were divided into two groups as follows: 1- Left Ventricular Ejection Fraction
(LVEF) = 50% and 2- LVEF < 50% known as burned-out ApHCM. Data analysis was also
based on LVEF. Generalized Estimating Equation (GEE) regression was performed to
assess the association between the patients’ characteristics and burned-out ApHCM. The
clinical features demonstrating P < 0.05 in the univariate GEE analysis were included in
a multivariate model to identify the independent predictors.

Results: The prevalence of burned-out ApHCM, defined as LVEF < 50%, was 13.9%.
There was no significant difference between males and females in this regard (P = 0.48).
After a mean follow-up of five years, atrial fibrillation was significantly more common
in the patients with LVEF < 50% (48.7% vs. 24.4%, P = 0.007). Additionally, left atrial
enlargement was identified as the most important predictor of BO-ApHCM (odds ratio
=2.4,P =0.003). Moreover, right ventricular dysfunction was more severe in the patients
with burned-out ApHCM (P < 0.001).

Conclusions: The prevalence of burned-out HCM was higher in the present study than
in the previous studies (13.9%). Besides, right ventricular systolic dysfunction and left
atrial enlargement were two main predictors of the ApHCM progression.

1. Background

rare form of Hypertrophic Cardiomyopathy (HCM) that

Apical Hypertrophic Cardiomyopathy (ApHCM) is a
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predominantly affects the apex of the left ventricle. It
is an uncommon variant of HCM, in which detectable
sarcomere protein gene mutations are less prevalent in
comparison with other forms of HCM (1-6). Importantly,
sudden cardiac death is less likely to occur in patients with
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isolated ApHCM. Additionally, cardiovascular morbidity
may be less common compared to other HCM phenotypes.
However, recent data have suggested the annual cardiac
death rates of 0.5 - 4%, approaching those for classic
HCM (1, 7-11).

The genetic basis of HCM has been discovered. Accordingly,
it is predominantly caused by autosomal dominant mutations
in sarcomeric protein genes (5, 9, 12-14). Up to now, several
patterns of Left Ventricular Hypertrophy (LVH) have been
described in HCM including asymmetric septal hypertrophy
(classic HCM), reverse curvature HCM, neutral HCM, and
ApHCM. Compared with classic HCM, ApHCM is more
sporadic and has a lower frequency of sarcomere mutations.
Besides, atrial fibrillation and sudden cardiac death risk
factors differ from those in classic HCM (15-21). It is often
first detected by transthoracic echocardiography when
the degree of suspicion is high (7, 22-24). With imaging
advances, the definition now relies on demonstrating LVH
predominance in the Left Ventricular (LV) apex, with
wall thicknesses in the apex of > 15 mm and a maximal
apical to posterior wall thickness ratio of > 1.5 based on
echocardiography or Cardiovascular Magnetic Resonance
(CMR) (3, 7, 16, 25-27).

2. Objectives
The present study aims to assess the prevalence of burned-
out ApHCM and its predictors.

3. Patients and Methods

In this retrospective study, echocardiographic data of 230
patients were gathered and analyzed. The patients were
divided into two groups as follows: 1- Left Ventricular
Ejection Fraction > 50% and 2- LVEF < 50% (also
known as Burned-Out ApHCM (BO-ApHCM)). Data
analysis was also done based on LVEF. BO-ApHCM
was diagnosed by an expert clinician based on physical
examination and echocardiography. Echocardiographic
measurements of the apical wall thickness were recorded.
Other echocardiographic indices were available, as well.
Among the 230 patients, 74 showed up for follow-up visits.
Another analysis was done on these 74 patients to determine
the predictors of ApHCM. All data were obtained from
the data registry of Rajaie Cardiovascular Medical and
Research Center, Tehran, Iran. These data were included
in a retrospective study, which was approved by the local
Ethics Committee.

3.1. Imaging Evaluation and Procedure
Echocardiographic studies were performed for all the
patients using two ultrasound systems (Vivid S60 (GE
Healthcare, USA) and Affinity 70C (Philips Healthcare,
Andover, USA)) with a phased-array transducer of
2.5 MHz and a Pure Wave Convex transducer of 1 - 5
MHz. Echocardiographic images were taken in the left
lateral and supine positions using the standard apical,
parasternal, and subcostal views while recording the
electrocardiograms. All the patients underwent 2D and
color Doppler echocardiography at baseline. A central
offline analysis of all the images was performed by an
independent core lab, which collected and interpreted all
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the imaging data. It should be noted that all the individuals
involved in these processes were blind to the clinical data
and outcomes. Baseline echocardiographic measurements
included inter-ventricular septum thickness, left ventricular
and atrial systolic and diastolic diameters, LVEF, Systolic
Pulmonary Arterial Pressure (SPAP), Mitral Regurgitation
(MR), Aortic Regurgitation (AR), Right Ventricular (RV)
function, and LV diastolic function. Pericardial effusion
was also performed following the American Association of
Echocardiography’s guidelines. Finally, the percentage of
patients with BO-ApHCM was determined and the related
factors were evaluated.

3.2. Electrocardiographic Recording

Surface Electrocardiography (ECG) of all the patients at
baseline and during the follow-up visits was evaluated by
independent cardiologists who were blind to the clinical
data and outcomes. The rhythm (sinus vs. atrial fibrillation)
was assessed on the ECGs.

3.3. Statistical Analysis

Continuous variables were expressed as mean + SD when
normally distributed and as median (interquartile range)
when non-normally distributed. Categorical variables were
expressed as number and percentage. The two groups were
compared regarding the continuous variables using t-test
or a non-parametric test (Wilcoxon test) when the data
were non-normally distributed. In addition, Fisher’s exact
test was used to compare the two groups concerning the
categorical variables. Generalized Estimating Equation
(GEE) regression was performed to assess the association
between the patients’ characteristics and BO-ApHCM.
The clinical features with P < 0.05 in the univariate GEE
analysis were included in the multivariate model to identify
the independent predictors.

4. Results

Various parameters were evaluated to detect the risk
factors of BO-ApHCM including SPAP, MR, AR, RV
function, LV diastolic function, pericardial effusion, and
atrial fibrillation. The patients’ baseline demographic
characteristics have been presented in Table 1. Gender and
ECG features in ApHCM with normal and reduced EF
have been illustrated in Table 2. Based on the results, the
prevalence of BO-ApHCM was 13.9%. In addition, diastolic
dysfunction was more severe in the cases with LVEF <
50% (21.9% vs. 10.6%, P = 0.08). RV dysfunction was
also more severe in the ApHCM cases with LVEF < 50%
(40.6% vs. 17.2%, P < 0.001). Moreover, the prevalence of
atrial fibrillation was higher in the group with BO-ApHCM
after a mean follow-up of five years (48.7% vs. 24.4%, P
=0.007). The echocardiographic indices in ApHCM have
been presented in Table 3.

Table 1. Demographic Characteristics of the Patients with
ApHCM

ApHCM (n = 230)
43%

56%

61+ 15

Female
Male

Sex

Age (years)

81
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Table 2. Gender and ECG Features in ApHCM with Normal and Reduced EF

Baseline Analysis (n = 230)

Follow-up Visit Analysis (N = 74)

Normal EF(n=198) BO-ApHCM (n=32) P-value Normal EF (n=52) BO-ApHCM (n=22) P-value
Sex Male 56.6% 50% 0.48 53.1% 47.1% 0.66
Female 43.4% 50% 46.9% 52.9%
ECG
features Atrial 1.2% 0% 0.99 24.4% 48.7% 0.007
fibrillation
PVCin the 2.3% 0% 0.99 1.6% 59 0.37
first ECG

Abbreviations: ECG, electrocardiography; EF, ejection fraction; BO-ApHCM, burned-out apical hypertrophic cardiomyopathy; PVC, premature

ventricular complex

Table 3. Echocardiographic Indices in Apical Hypertrophic Cardiomyopathy (EF > 50% vs. EF <50%)

Echocardiography Indices  Severity Baseline Analysis Follow-up Analysis
Normal EF  BO-ApHCM  P-value Normal EF BO-ApHCM  P-value

SAM No, mild 3 0 0.99 4.7 0 0.99
Moderate, severe 97 100 95.3 100

RVH Yes 4% 9.4% 0.19 4.7% 23.5% 0.03
No 96% 90.6% 95.3% 76.5%

RV dysfunction No dysfunction,  82.8% 40.6% <0.001  Nodysfunction, 32.8% 11.8% < 0.001
mild mild
Moderate, severe  17.2% 59.4% Moderate, severe  67.2% 88.2%

Left ventricular diastolic No, mild 89.4% 78.1% 0.08 79.7% 64.7% 0.2

dysfunction Moderate, severe  10.6% 21.9% 20.3% 35.3%

MR No, mild 12.1% 12.5% 0.99 96.9% 94.1% 0.51
Moderate, severe  87.9% 87.5% 3.1% 5.9%

AR No, mild 70.2% 53.1% 0.05 68.8% 47.1% 0.1
Moderate, severe  29.8% 46.9% 31.3% 52.9%

Pericardial effusion Yes 2% 0% 0.99 1.6% 94.1% 0.38
No 98% 100% 98.4% 5.9%

Abbreviations: SAM, systolic anterior motion; EF, ejection fraction; BO-ApHCM, burned-out apical hypertrophic cardiomyopathy; RVH, right
ventricular hypertrophy; RV, right ventricle; MR, mitral regurgitation; AR, aortic regurgitation

Table 4. Echocardiographic predictors of BO-ApHCM

Echocardiographic Parameters Odds Ratio (95% Confidence Interval) P-value
RV dysfunction 10.978 (2.235 - 53.915) 0.003
IVS thickness 3.654 (0.978 - 13.130) 0.054
Left atrial enlargement 2.489 (1.362 - 4.549) 0.003
Diastolic dysfunction 2.225 (0.886 - 5.586) 0.088
Aortic regurgitation 1.887 (0.762 - 4.670) 0.169
Mitral regurgitation 2.248 (0.409 - 12.359) 0.351
Atrial fibrillation 1.321 (0.192 - 9.055) 0.776
Apical thickness 1.169 (0.405 - 3.366) 0.772

Abbreviations: RV, right ventricular IVS, interventricular septum.

Based on the results of the univariate GEE regression
test, moderate or severe RV dysfunction had the highest
odds ratio of 10 (P = 0.003), which could predict BO-
ApHCM. In addition, left atrial enlargement could predict
BO-ApHCM with an odds ratio of 2.4 (P = 0.003). The
echocardiographic predictors of BO-ApHCM based on
the univariate logistic regression test and odds ratios have
been presented in Table 4.

5. Discussion

The current cross-sectional study aimed to determine the
burned-out phase of ApHCM. The data were collected from
the study participants during two visits. BO-ApHCM was

82

defined as LVEF < 50%. The prevalence of BO-ApHCM
was 13.9%, which was higher than the rates reported in the
previous studies (< 10%) (7, 15). This discrepancy might
be due to the fact that the present study was performed in a
tertiary referral center. Moreover, the findings demonstrated
no significant gender difference in terms of the prevalence
of BO-ApHCM.

Atrial fibrillation occurred in 48.7% of the patients
according to the follow-up visits. In the previous studies,
the prevalence of atrial fibrillation was 20 - 28%, which
was lower compared to the current investigation (28). On
the other hand, atrial fibrillation was more common in the
cases with a maximum LVEF of 50% than in those with
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LVEF > 50% (48.7% vs. 24.4%).

The present study results revealed a significant increase
in the left atrial size at the five-year follow-up. Left atrial
size (odds ratio = 2.489, P = 0.003) was an independent
predictor of BO-ApHCM. In one study among patients with
ApHCM, left atrial enlargement was the only predictor of
atrial fibrillation and one of the predictors of cardiovascular
morbidity (7).

Impaired LV relaxation in patients with HCM including
ApHCM has been previously proposed as a mechanism
for progressive left atrial enlargement and, subsequently,
atrial fibrillation (7, 15). In the current research, diastolic
dysfunction was more frequent and more severe among the
patients with BO-ApHCM in comparison with the previous
studies.

In the current investigation, more than half of the patients
with HCM (57%) suffered from moderate to severe RV
dysfunction. RV dysfunction was more severe in the cases
with BO-ApHCM (59.4% vs. 17.9%) than in those without
BO-ApHCM. RV dysfunction (odds ratio = 10.9, P = 0.003)
was also an important predictor of BO-ApHCM.

Concerning valvular disorders in HCM, AR at the first
visit was significantly higher in the patients with BO-
ApHCM than in those without BO-ApHCM. During the
follow-up, however, no significant difference was observed
between the two groups in terms of MR and AR severity.
Additionally, neither of these two variables predicted the
progression of the disease to the burned-out phase.

The current study findings indicated that SPAP was
significantly higher in the patients with BO-ApHCM
compared to those without BO-ApHCM after five
years (p=0.01). It is worth mentioning that the previous
investigations have paid little attention to RV dysfunction
and diastolic function in patients with ApHCM. This could
be attributed to the overestimation of the prevalence due
to the performance of the study in a tertiary center or an
increase in the rate over time.

5.1. Conclusions

The prevalence of BO-ApHCM was higher in the present
study compared to the previous studies. Besides, RV
dysfunction and LA enlargement were two of the most
important predictors of BO-ApHCM.

5.2. Limitation

This study had some limitations. Firstly, it was a
retrospective study and was conducted using stored
images for analysis. Secondly, only 74 out of the 230
patients showed up for follow-up visits. Therefore, further
prospective studies are required to identify a beneficial
model for the prediction of BO-ApHCM.

5.3. Ethical Approval

This study was approved by the Ethics Committee of
Iran University of Medical Sciences, Tehran, Iran (code:
IR.RHC.REC.1399.097).

5.4. Informed Consent

This was a retrospective study and informed consent was
optional based on the journal’s guideline.
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