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ABSTRACT 

 

Apical hypertrophic cardiomyopathy 

(AHCM) is a rare phenotypic variant of 

hypertrophic cardiomyopathy (HCM), most 

commonly seen in Asian men (Yamaguchi 

syndrome). It is characterized by 

hypertrophy, predominantly affecting the 

cardiac apex, with an "ace of spades"-

shaped left ventricular (LV) cavity best seen 

on the 4-chamber view of a transthoracic 

echocardiogram (TTE). However, TTE can 

be falsely negative in 30% of AHCM cases, 

largely due to difficulties in delineating 

endocardial border. The diagnostic criteria 

for apical cardiac hypertrophy are: 1) 

asymmetric LV hypertrophy - 

predominantly at the apex of the ventricle; 

2) LV wall thickness of 15 mm or more 

during diastole; and 3) apical to posterior 

wall thickness ratio of 1.5 or more 

determined by 2-dimensional 

echocardiography or cardiac magnetic 

resonance imaging. Here, we are presenting 

a case of elderly male who visited our 

cardiac OPD for a check-up due to atypical 

chest pain, cough and mild fever for 5 days. 

His resting ECG showed left ventricular 

hypertrophy with deep T wave inversion in 

precordial leads V2-V6, consistent with 

AHCM. An exhaustive transthoracic 

echocardiography (TTE) with contrast study 

(CS) and speckle tracking imaging by 

4Dimensional XStrain speckle tracking 

echocardiography (STE) was performed to 

provide a clinching diagnosis. 

 

Keywords: Hypertrophic cardiomyopathy, 

Apical hypertrophic cardiomyopathy, Ace 
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INTRODUCTION 

Apical hypertrophic cardiomyopathy  

(AHCM) is a rare phenotypic variant 

of hypertrophic cardiomyopathy (HCM), 

most commonly seen in Asian men 

(Yamaguchi syndrome). Apical HCM is 

characterized by hypertrophy predominantly 

affecting the cardiac apex, with an “ace of 

spades”–shaped left ventricular (LV) cavity 

best seen on the 4-chamber view of a 

transthoracic echocardiogram (TTE). 

However, TTE can be falsely negative in 

30% of AHCM cases, largely due to 

difficulties in delineating endocardial border 

[1, 2]. 

Hypertrophic cardiomyopathy, an inherited 

heterogeneous cardiac condition with 

diverse phenotypic expression, is a common 

cause of sudden cardiac death in young 

adults. Apical hypertrophic cardiomyopathy 

(AHCM), was first described in Japan in 

1976 by Sakamoto et al [3] (Figures 1- 6).  

 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/hypertrophic-cardiomyopathy
https://www.sciencedirect.com/topics/medicine-and-dentistry/echocardiography
https://www.sciencedirect.com/topics/medicine-and-dentistry/endocardium
https://www.sciencedirect.com/science/article/pii/S2468644124000598#bib1
https://www.sciencedirect.com/science/article/pii/S2468644124000598#bib2
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Figure 1: Transthoracic echocardiography. Apical 3CH view delineates the typical features of AHCM 

with “ace of spades” like LV cavity. 

 

 
Figure 2: AHCM - Contrast echocardiography. The figure above shows 2-D echocardiographic images in 

apical hypertrophic cardiomyopathy. Figure A shows the thickening of the mid to apical wall segments of 

the left ventricle (LV) in diastole, while figure B shows the near complete obliteration of the LV apical 

cavity in systole due to the hypertrophy. Figure C demonstrates characteristic Ace-of-spades appearance 

of the LV using contrast, as depicted in the cartoon in figure D. 
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Figure 3: Ventriculogram showing left ventricle apical hypertrophy with spade-like configuration of the 

ventricular cavity during systole (a) and diastole (b). 

 

 
Figure 4: Cardiac MRI ace of spades sign in Yamaguchi syndrome. 

 

 
Figure 5: Apical hypertrophic cardiomyopathy- myocardial perfusion scintigraphy. (a) Four-chamber 

view SSFP CMR at end-diastole and (b) during systole show left ventricular myocardial thickening (white 

arrows) more pronounced at the apex with almost obliteration of the cavity during systole. (c) Myocardial 

perfusion scan with evidence of mild ischemia during stress at the inferior wall and at the apex. Notice 

more counts at the apex during rest (white arrows) with "solar polar map pattern" on the Bull's eye 

image. 



Akhil Mehrotra et.al. Yamaguchi syndrome (ace of spades) in an elderly male. case report and literature review 

 

                            International Journal of Science and Healthcare Research (www.ijshr.com)  438 

Volume 9; Issue: 4; October-December 2024 

 
Figure 6: Apical four-chamber view showing longitudinal strain curves alongside curved anatomical M-

mode of the parametric image depicting paradoxical apical strain. 

 

AHCM typically demonstrates giant 

negative precordial T waves in the resting 

ECG. In AHCM, hypertrophy is localized to 

the left ventricular apex with or without 

midsegment or basal involvement and with 

or without apical aneurysm [4]. 

Typically, there is no LV outflow tract 

obstruction from systolic anterior motion of 

the anterior mitral valve leaflet in AHCM 

and it can exist with or without 

midventricular obstruction and cavity 

obliteration (MVOCO) [1].  

AHCM is distributed worldwide, affecting 

more men than women. It is typically 

diagnosed in midlife [5, 6].  However, it can 

be diagnosed late in life and can carry a 

normal life expectancy. We report a case of 

asymptomatic AHCM presenting to us at the 

age of 76 years. 

 

CASE REPORT 

A 76-year elderly male presented to our 

cardiology OPD for a check-up due to 

atypical chest pain, cough and mild fever 

since last 5 days. The patient denied any 

history of cardiovascular risk factors 

(smoking, tobacco chewing, hypertension, 

diabetes, dyslipidemia). 

 

On clinical examination, the patient was 

healthy looking and normally built (Figure 

7). The patient’s weight was 73 kg, height 

was 156 cm, pulse rate was 69/min, blood 

pressure was 130/80 mmHg, respiratory rate 

was 16/min and SPO2 was 98% at room air. 

All the peripheral pulses were normally 

palpable without any radio-femoral delay. 

Cardiovascular and systemic examination 

were normal. 

 

 
Figure 7: Facial appearance of the elderly 

gentleman 
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Xray chest (PA) view (Figure 8) showed a 

normal cardiac size with a non-

homogeneous opacity in the lower zone of 

right lung, suggestive of pneumonitis patch.  

 

 
Figure 8: X-ray chest (PA view). The cardiac size is normal with normal pulmonary blood flow. A non-

homogeneous opacity is visualized in the lower zone of right lung suggestive of pneumonitis patch. 

 

The resting ECG (Figure 9) revealed classical features of LVH with deep T wave inversion in 

precordial leads V2-V6, consistent with apical hypertrophic cardiomyopathy. 

 

 
Figure 9: Resting ECG. Classical ECG features of apical hypertrophic cardiomyopathy is elucidated 

accompanied by left ventricular hypertrophy. The conspicuous deep T wave inversion in the precordial 

leads V2- V6 is striking. There is normal sinus rhythm with a ventricular rate of 70/min and normal QRS 

axis. 

 

Transthoracic Echocardiography 

All echocardiography evaluations were 

performed by the author, using My Lab X7 

4D XStrain echocardiography machine, 

Esaote, Italy. The images were acquired 

using an adult probe equipped with 

harmonic variable frequency electronic 

single crystal array transducer while the 

subject was lying in supine and left lateral 

decubitus positions. 

Conventional M-mode, two-dimensional, 

pulse wave doppler (PWD) and continuous 

wave doppler (CWD) echocardiography was 

performed in the classical subcostal, 
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parasternal long axis (LX), parasternal short 

axis (SX), 4-Chamber (4CH), 5-Chamber 

(5CH) and suprasternal views (Figures 10-

18). 

 

M-mode Echocardiography 

M-mode echocardiography of left ventricle 

was performed and the estimated 

measurements are outlined (Table 1, Figure 

10). 

 
 

 

Table 1: Calculations of M-mode 

echocardiography 

Measurements  LV 

IVS d 12.7 mm 

LVID d 45.8 mm 

LVPW d 10.3 mm 

IVS s 15.8 mm 

LVID s 23.4 mm 

LVPW s 18.6 mm 

EF 80 % 

% LVFS 49 % 

LVEDV 96.3 ml 

LVESV 18.9 ml 

SV 77.4 ml 

LV Mass 192 g 

 

 
Figure 10: M-mode measurements of left ventricle 

 

Summary of M-mode echocardiography 

The LV was of normal size and the LVEF 

was 80 %. There was asymmetrical septal 

hypertrophy: interventricular septal 

thickness and posterior wall thickness was 

12.7 mm and 10.3 mm respectively. There 

was no apparent regional wall motion 

abnormality. 

 

2Dimensional transthoracic 

echocardiography 

In the LX view, there was conspicuous 

presence of asymmetrical septal 

hypertrophy (Figure 11).  

 
IVS thickness basal (D) 14.7 mm 

Mid (D) 18.0 mm 

Apical (D) 15.4 mm 

LVPW thickness (D) 10.0 mm 

IVS/LVPW ratio = 1.8:1 

 

https://www.google.com/search?sca_esv=2b265522246b066d&q=asymmetrical+septal+hypertrophy:&spell=1&sa=X&ved=2ahUKEwj5z7OgmduJAxVMh68BHQbMMJoQkeECKAB6BAgMEAE
https://www.google.com/search?sca_esv=2b265522246b066d&q=asymmetrical+septal+hypertrophy:&spell=1&sa=X&ved=2ahUKEwj5z7OgmduJAxVMh68BHQbMMJoQkeECKAB6BAgMEAE
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                     (A)                                                                   (B) 

    
(C)                                                      (D) 

Figure 11: 2Dimensional Transthoracic Echocardiography. (A) LX view; (B) Apical 3CH view (LAX 

view); (C) SX view at the level of papillary muscle; (D) Apical 4CH view - large elongated AML and PML 

are visualized. 
 

Additionally, other important 

echocardiographic findings are mentioned 

below: 

• Markedly thickened LV apex and apical 

lateral wall was appreciated. 

• There was no SAM/LVOT 

obstruction/MVP. 

• LVEF was normal 

M-mode - 80 % 

Simpson’s biplane method - 51 % 

(Figure 12). 

• Mitral regurgitation (mild) was present 

(Figure 13); 

MV was thickened, MR velocity was 

4.42 m/sec  

On color flow mapping MR JET area 

was 1.10 sq cm; 10 % of LA area, 

eccentric posterior jet. 

• The dimensions of LV were normal and 

there was no regional wall motion 

abnormality. 

• Mild PAH was present and estimated 

RVSP/PAP was 37 mmHg.  

• Pulse wave doppler analysis across the 

mitral valve and tissue doppler imaging 

of the base of lateral wall of LV were 

un-remarkable (Figure 14). 
 

 
Figure 12: Simpson’s biplane method- LVEF 51 %. 
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Figure 13: Mild mitral regurgitation is identified with a jet area of 1.10 sqcm and a central jet. 

 

  
(A)                                                                                           (B) 

Figure 14: (A) Pulse wave Doppler across mitral valve; (B) Tissue Doppler imaging of the base of lateral 

LV. 
 

4Dimensional volumetric data  

Table 2 depicts the 4Dimensional volumetric data (Figure 15) 

 
Table 2: 4Dimensional volumetric data 

Parameters  Values 

LVEDV 109.40 ml 

LVESV 67.24 ml 

EF 38.54 % 

CO 2593.62 ml/min 

Sph i d 0.56 

Sph i s 0.42 

EDV, end diastolic volume; ESV, end systolic volume; EF, ejection fraction; CO, cardiac output; Sph i d, 

sphericity index diastole; Sph i s, sphericity index systole 
 

Interestingly, the 4Dimensional LVEF acquired from 4Dimensional STE was 38.54%. 

 

 
Figure 15: 4Dimensional Volumetric data derived from 4Dimensional XStrain Echocardiography. LVEF 

was 38.54 %. 
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Contrast Study 

In the normal Apical 4CH view the LV 

endocardial borders were fuzzy and not 

clearly visible (Figure 16 A). Therefore, 

contrast study was carried out and it 

distinctly delineated the LV endocardial 

border (Figures 16 B, C). The contrast study 

exhibited marked thickness of LV apex and 

the lateral wall. 

 

4 Chamber view (Diastole) 

 
Normal Study Contrast Study 

Apex (D) 21.9 mm Apex (D) 19.0 mm 

Apical lateral (D) 15.4 mm Apical lateral (D) 18.0 mm 

Mid lateral (D) 19.6 mm Mid lateral (D) 18.1 mm 

Basal lateral (D) 17.0 mm Basal lateral (D) 17.6 mm 

Apical septum (D) 19.8 mm Apical septum (D) 11.3 mm 

Mid septum (D) 8.9 mm Mid septum 11.5 mm 

Basal septum (D) 9.7 mm Basal septum 12.4 mm 

IVS/LVPW ratio = 2.19:1 IVS/LVPW ratio = 19:1 

 

   
(A)                                                                             (B) 

 
(C) 

Figure 16: Contrast Study. (A) LV apical 4CH view depicting indistinct endocardial border; (B) Contrast 

study depicting the distinct LV endocardial border; (C) Contrast Study elucidating the measurements 

performed at different locations of LV myocardial thickness in diastole. 

 

Table 3 exhibits LVEF variability with 

different methodologies of measurements. 

The 4Dimensional LVEF derived from 

4DXStrain STE showed remarkable 

reduction of LVEF with a value of 38.54 % 

despite normal LVEF obtained from M-

mode and Simpson’s biplane method. 
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Table 3: LV ejection fraction variations by different methodologies 

Technique LVEF (%) 

M-mode echocardiography 80% 

Simpson’s biplane method 51 % 

4Dimensional LVEF derived from 4DXStrain echocardiography 38.54% 

LVEF, left ventricular ejection fraction 

 

Speckle tracking echocardiography 

Comprehensive speckle tracking 

echocardiography (STE) was accomplished 

by 4Dimensional XStrain technique. The 

values obtained of various LV strain 

parameters are enumerated (Table 4): 

 
Table 4: 4Dimensional XStrain echocardiography - estimated values of LV strain parameters in our index 

patient. 

LV strain Parameters  Strain (%) 

Global longitudinal strain (GLS) 

AP 2C 

AP LAX (3CH) 

AP 4C 

Global strain 

 

-7.31 

-5.58 

-7.97 

-6.96 

AP, apical; 2C, two chamber; LAX, long axis; 4C, four chamber. 

 

There was severe reduction of global longitudinal strain (GLS) in apical 2CH, 3CH and 4CH 

view with a GLS value of -6.96 % (Figures 17, 18). 

 

   
(A)                                                                             (B) 

   
(C)                                                                             (D) 
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(E)                                                                               (F) 

Figure 17: Apical peak global longitudinal strain. (A) Apical LAX (3CH) GLS; (B) Apical LAX 

parametric maps (Bull’s -eye displays) and graphs; (C) Apical 2CH GLS; (D) Apical 2CH parametric 

maps (Bull’s -eye displays) and graphs; Apical 4CH GLS; (F) Apical 4CH parametric maps (Bull’s -eye 

displays) and graphs. 
 

   
(A)                                                                                   (B) 

Figure 18: Global Longitudinal Strain. (A) Bull’s eye plot showing GLS values in apical 2C, LAX and 4C 

view; (B) Peak Segmental Strain values displayed in a 17 segment Bull’s eye plot. 
 

Table 5: 4Dimensional XStrain echocardiography estimation of LV segmental endocardial longitudinal 

strain  

Bull’s eye analysis  

Endo long strain (Peak)  

Bas Ant -7.31 %  

BasAntSep -11.88 %  

Bas Sep -19.57 %  

Bas Inf -22.00 %  

Bas Post -16.92 %  

Bas lat -19.07 %  

Mid Ant -3.77 %  

MidAntSep -8.61 %  

Mid Sep -16.17 %  

Mid Inf -13.46 %  

Mid Post -3.91 %  

Mid Lat -3.11 %  

Apic Ant -1.89 %  

Apic Sep -4.32 %  

Apic Inf -5.36 %  

Apic lat -3.47 %  

Apex -3.11 %  

Global Strain (A2C) -7.31 %  

Global Strain (ALAX) -7.97 %  

Global Strain (A4C) -5.58 %  

Global Strain -6.96 %  

Red squares depict significant reduction in strain values in multiple segments of LV 
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A 17 segment model of 4D XStrain global 

segmental strain, provided a detailed picture 

of regional myocardial function, by 

analyzing each segment individually, all 

with in a 4D (three-dimensional over time) 

imaging framework. The values obtained 

are mentioned in Table 5. 

 

Summary of 2Dimensional transthoracic 

echocardiography 

2D TTE in LX, SX Apical 4CH and Apical 

3CH views demonstrated the presence of 

AHCM in our elderly asymptomatic patient. 

The thickness of LV apex was 21.9 mm and 

ratio of apex to posterior wall was 2.19:1. 

The LVEF determined by M-mode and 

Simpson’s biplane method was normal, 80% 

and 51%, respectively. However, 

4Dimensional volumetric analysis acquired 

from 4DXStrain STE validated a markedly 

reduced LVEF - 38.54 %.  

Due to the presence of ill-defined LV 

endocardial borders, we conducted a 

contrast study to clearly demarcate the 

boundaries of LV. We found LV apical 

thickness of 19 mm and the ratio of apex to 

posterior wall was 1.9:1. 

Additionally, speckle tracking imaging was 

executed by 4DXStrain STE technique 

which exhibited severe reduction of GLS 

and moreover, on segmental strain analysis, 

nearly all the segments illustrated 

substantial decline in strain values. 

 

DISCUSSION 

Hypertrophic cardiomyopathy (HCM) is 

mostly an autosomal dominant disease 

characterized predominantly by the 

detection of left ventricular (LV) 

hypertrophy in the absence of another 

cardiac, systemic, or metabolic disease [7]. 

 

Epidemiology 

Hypertrophic cardiomyopathy is estimated 

to affect 1 out of 500 people. The AHCM 

has a different prevalence in cohorts of 

patients with HCM, which is relatively 

higher in Asian ethnicity. It is considered 

less common (8%) in Europe and North 

America with a majority (84%) of white 

race [8]. However, AHCM may occur more 

frequently in Asian race, in whom it is seen 

in up to 40% of HCM patients (21% in 

China [9], 30% in Japan [10], and 38% in 

Korea [11]) of patients with HCM. 

AHCM is worldwide in distribution and 

affects males more frequently than females, 

with male-to-female ratios typically 1.6 to 

2.8:1 [12]. Most commonly diagnosed in 

midlife [8], the early- and late-onset 

expressions are also known to occur. 

 

Classification 

According to the segments of LV 

hypertrophy, HCM can be classified into 

basal (also called classic HCM), 

midventricular, and apical. Apical 

hypertrophic cardiomyopathy (AHCM) is 

characteristic of hypertrophy predominantly 

involving the LV apex with giant negative T 

waves in the electrocardiogram and a 

“spade-like” configuration of the LV cavity 

on the LV ventriculogram [7, 13].  

Morphologically AHCM can be 

subclassified into three subtypes [1]: pure, 

mixed, and relative AHCM (Figure 19). 

 

.  

Figure 19: Diagrammatic illustration of AHCM variants. Variants of hypertrophic cardiomyopathy. 

Different morphologic types of hypertrophic cardiomyopathy: A basal, B midventricular, and C apical. 
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Pure AHCM presents with hypertrophy that 

is confined to the apex. Mixed AHCM 

displays both apical and septal hypertrophy 

but with the thickest apex. Finally, relative 

AHCM is believed to be an early AHCM 

phenotype. Individuals with relative AHCM 

do not meet conventional diagnostic criteria 

for AHCM but have similar imaging 

findings with the pure type. Relative AHCM 

can be diagnosed when electrocardiography 

shows characteristic precordial T-wave 

inversion and cardiac imaging techniques 

show apical wall thickness exceeding basal 

wall thickness, although failing to reach the 

cutoff of wall thickness ≥ 15 mm [14]. 

 

Clinical Diagnosis 

Octo- and nonagenarians with AHCM are 

rare. Only few authors have reported 

AHCM in the elderly population [12, 15-

17]. 

The differential diagnosis of AHCM should 

always be considered in elderly patients.  

 
Table 6: Differential diagnosis of AHCM [18]. 

Disease Imaging modalities 

Coronary artery disease Echocardiogram/coronary angiogram and LVG 

Left ventricular apical tumors Echocardiogram with contrast/CCT/CMRI 

Left ventricular apical thrombus Echocardiogram with contrast/CCT/CMRI 

Isolated ventricular non-compaction CMRI/CCT 

Endomyocardial fibrosis LVG/CMRI 

AHCM: Apical hypertrophic cardiomyopathy; CMRI: Cardiac magnetic resonance imaging; LVG: Left 

ventriculography; CCT: Cardiac computed tomography. 

 

Diagnostic criteria 

AHCM is described as an 

electrocardiographic pattern of giant 

negative T-waves (≥ 1 mV) together with a 

“spade-like configuration” of the LV cavity 

on the left ventriculography [20]. With 

advances in imaging techniques, the current 

definition mainly relies on demonstrating 

LV hypertrophy predominating in the LV 

apex, with the apical wall 

thickness ≥ 15 mm and a ratio of maximal 

apical to posterior wall thickness ≥ 1.5, 

based on echocardiography or CMR [5]. 

Standard TTE may miss this entity where a 

contrast echocardiography may be useful 

but cardiac MR imaging (CMR) is best [19, 

20]. 

CMR is superior to TTE in detecting 

variants of HCM such as apical HCM, 

presence of focal hypertrophy, severe 

hypertrophy (>30 mm) and LV apical 

aneurysm. Patchy mid-wall-type delayed 

hyperenhancement of myocardium, on 

contrast-enhanced CMR, identifies fibrosis.  

 

 

 

 

It is associated with a higher risk of adverse 

LV remodelling and systolic dysfunction. Its 

association with ventricular tachycardia has 

been reported but its predictive value for 

sudden cardiac death is not clear [20, 21]. 

 

Electrocardiography 

The trademark electrocardiographic finding 

for AHCM is LV hypertrophy with giant T 

waves, which are defined as T-

waves ≥ 1 mV in any electrocardiography 

lead. These giant T waves are dynamic and 

will change over time, or even disappear, as 

a part of the natural history of AHCM [22]. 

The depth of T waves varies among 

patients, in a study of 208 AHCM patients, 

Yan et al [23] reported that 60 (28%) 

patients had giant T-waves, but only 11% of 

AHCM patients had giant T waves in a 

series from Mayo Clinic [12]. Although 

giant T-waves in the setting of LV 

hypertrophy are considered pathognomonic 

for AHCM, it is unlikely to rule out other 

causes of ST-T wave abnormalities, such as 

other types of HCM, coronary heart disease, 

medication effect (e.g., digoxin), and 

neurological diseases (e.g., subarachnoid 

hemorrhage).  
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Ambulatory 24- or 48-h electrocardiography 

is crucial to detect non-sustained ventricular 

tachycardia (NSVT), AF, and ventricular 

fibrillation. Eriksson et al [5] showed that 

Holter monitor recordings revealed NVST 

in 20 patients (23%) with AHCM, which 

was found to be correlated with the presence 

of fibrosis. Several studies have reported 

that the prevalence of AF was 11–17% [9, 

10]. LA enlargement secondary to LV 

diastolic dysfunction in patients with 

AHCM can predict subsequent AF, which is 

prognostically adverse [24]. 

 

Transthoracic echocardiography 

The preferred initial imaging test is 

Transthoracic Echocardiography and it is 

the most frequently utilized diagnostic 

modality [25].  

Relative hypertrophy is defined as the 

absence of hypertrophy (wall thickness <14 

mm) but with the apical wall thickness 

greater than the basal thickness (apex:base 

ratio (ABR) wall thickness >1). An apical- 

to-basal LV wall thickness ratio of 1.3 - 1.5 

is diagnostic of apical HCM [26]. 

Apical HCM is characterized as concentric, 

circumferential hypertrophy of the entire 

apex due to apical left ventricular thickening 

of the anterior and posterior walls, resulting 

in a spade-like morphology of the left 

ventricular cavity during end diastole in LV 

long axis view of MRI and RAO projection 

of angiography [27].  

The differential features of Japanese and 

non-Japanese type of AHCM is shown in 

the Table 7. 

 
Table 7: Comparison of Japanese and Non-Japanese type of AHCM [28]. 

Japanese Type Non-Japanese Type 

Mostly seen in males Elderly female in Asians and younger in West 

“Pure” form is 

predominant 

“Mixed” form is predominant 

Asymptomatic and 

benign 

Complications may occur 

T-wave negativity is 

more pronounced 

Less pronounced 

Increased 

hypertrophy confined 

to apex 

Segmental distribution may occur. Basal septal hypertrophy producing sub aortic 

obstruction in 50%, mid-septal hypertrophy with mid-cavity obstruction in 25%, 

apical septal hypertrophy with apical obliteration in 25% of cases. Occasionally, 

papillary muscle hypertrophy alone may be seen 

Apical wall thickness 

lesser degree 

More than Japanese in Americans 

 

In transthoracic echocardiography, the 

lateral wall hypertrophy is more than the 

apical septum and producing a classical “ace 

of spades sign” in apical four chamber [29]. 

 Kitaoka et al, demonstrated that the wall 

thickness at the apex was greater in 

Americans (23 ± 4 mm) than in the Japanese 

patients (18 ± 2 mm) [30].  

In our patient, TTE in the apical 4CH and 

LX view showed thickness of LV apex and 

posterior wall to be 21.9 mm and 10 mm, 

respectively. The ratio of apical to posterior 

wall thickness was 2.19:1. The LVEF was 

80 % and 51 % by M-mode and Simpson’s 

biplane method, respectively, even though 

there was marked reduction of LVEF (38.54 

%) by 4D volumetric analysis. 

 

Contrast echocardiography 

Because of frequent difficulties in 

visualizing the apical endocardium, 2D 

echocardiography may result in 

misdiagnosis, as it was reported that 

echocardiography failed to diagnose AHCM 

in 31.7% of patients [23]. Therefore, there is 

a need for an alternative imaging technique, 

and contrast echocardiography has been 

recommended as an alternative when 2D 

images are suboptimal [31]. The 

administration of echocardiographic 

contrast allows the excellent visualization of 

https://www.scirp.org/html/3-2770709_70910.htm#t1
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LV morphology and the presence of an 

apical aneurysm. 

In our index patient, on contrast study we 

identified thickness of LV apex to be 19 mm 

and the apical to posterior wall thickness 

ratio was 19:1. We did not find any LV 

apical wall motion abnormality or apical 

aneurysm. 

 

Speckle tracking echocardiography 

Regional LV function may be assessed non-

invasively by measuring strain or systolic 

deformation. Recently, a method derived 

from the two-dimensional (2-D) 

echocardiogram, called “speckle tracking” 

of 2-D strain, has been developed to 

measure systolic strain [32]. Mutations of 

genes that code for contractile proteins of 

the sarcomere are responsible for the 

structural and functional changes seen in 

patients with HCM, and cause ventricular 

hypertrophy, myofibrillar disarray and 

interstitial fibrosis. In spite of the 

hyperdynamic systolic function seen by 

echo, 2-D strain detected a decrease in 

myocardial strain values [33]. 

In patients with HCM, Popović et al [34] 

have shown that 2-D strain was lower in 

patients whose MRI showed myocardial 

fibrosis than in patients without fibrosis.  

The cherry-on-top strain pattern is 

classically seen in patients with cardiac 

amyloidosis due to amyloid deposition in 

the basal segments with relative apical 

sparing. In contrast, blueberry on top is 

observed in AHCM as the strain is spared in 

the LV base while the apex is distorted due 

to myocyte fiber disarray, increased loose 

connective tissue, and fibrosis, which are 

thought to interfere with force generation 

[35]. While the "inverse-amyloid" peak 

systolic strain pattern has been previously 

observed in patients with AHCM [36, 37], 

Alnaimat et al [38] in their study observed 

that time to peak strain seems to be a more 

robust tool in depicting the characteristic 

blueberry-on-top (BOT) phenotype in 

patients with AHCM and further opined that 

the BOT pattern can be manifested on both 

peak systolic and time to peak strain 

parametric maps. The authors also noted 

that time to peak strain showed a striking 

drop in value on ascending from base to 

apex as opposed to peak systolic strain 

values that had a modest drop. This drop or 

gradient of strain values reflects on the 

bull's-eye plot color mapping as a shift from 

true red to pink (for modest gradients) or 

from true red to blue (for steeper gradients). 

The final appearance of the strain bull’s eye 

plot therefore may vary from patient to 

patient and among different 

echocardiographic vendors [38]. The 

recognition of such variability is important 

for accurate interpretation of the BOT 

phenomenon in clinical practice. It is 

important to recognize that the BOT strain 

pattern is not specific for AHCM since 

patients with ischemic heart disease and 

apical aneurysm/dyskinesia can have a 

similar strain pattern. Therefore, the BOT 

strain pattern could be utilized as a 

suggestive feature of AHCM in the presence 

of appropriate diagnostic background [38].  

In the HUNT study of 1266 healthy subjects 

[39], the authors acknowledged that the 

normal range of GLS was from -16 % to -

22%. It is noteworthy that in healthy 

subjects, the strain values tend to increase as 

we ascend from base to apex [32, 39]. In 

paradoxical strain pattern there is reversal of 

this phenomenon and the strain values show 

attenuation as we move upwards from base 

to apex [40, 41]. This finding correlates 

with pathologic ventricular hypertrophy 

extending beyond the apex into the mid-

ventricular segments and appears to support 

the diagnosis of AHCM. 

In our case, we did not observe any BOT 

phenomenon in the Bull’s eye plot of peak 

systolic strain or time to peak systolic strain 

values (Figure 20), although there was 

severe drop in peak systolic strain values 

and paradoxical strain arrangement was 

distinctly elucidated as demonstrated by 

Reddy et al [41]. Moreover, there was 

striking delay in time to peak strain values 

on ascending from base to apex along with 

severe reduction of GLS predominantly 

affecting the apical & mid basal segments. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/ischemic-heart-disease
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(A) 

Bull’s eye plot in a healthy subjected [39] 

 

 
(B)                                                                    (C) 

Bull’s eye plot in a patient of AHCM [38] 

 

         
(D)                                                                    (E) 

Bull’s eye plot in our patient 

Figure 20:  Bull’s eye plot on speckle tracking echocardiography: (A) in a healthy subject; (B) peak 

systolic strain and (C) time to peak systolic strain in a patient of AHCM; (D) peak systolic longitudinal 

strain and (E) time to peak systolic strain in our case. 
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Late Onset AHCM 

The reason for the late and gradual onset of 

AHCM compared to HCM variants is not 

established [42]. Compared to non-apical 

HCM, AHCM seems to carry a more 

favourable prognosis [43]. 

 

CONCLUSION 

The diagnosis of AHCM can be 

challenging, necessitating additional 

expensive imaging modalities such as 

cardiac MRI, contrast-enhanced 

echocardiography, or left ventricular 

angiography. Two-dimensional strain, on 

the other hand, can be rapidly computed 

from conventional echocardiographic 

images and appears to be a promising novel 

application, particularly suited for the 

diagnosis of suspected AHCM. While 

clearly in need of further clinical validation, 

it could complement the role of contrast 

echocardiography and mitigate the need for 

more expensive or invasive imaging 

alternatives in patients with otherwise non-

diagnostic or equivocal echo exams. 
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