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Abbreviations/acronyms  

ACS: Acute Coronary Syndrome; AD: Autosomal Dominant Inheritance; AF: Atrial 

Fibrillation; Ap-HCM: Apical Hypertrophic Cardiomyopathy; AR: Autosomal 

Recessive; ARVC/D: Arrhythmogenic Right Ventricular Cardiomyopathy/Dysplasia; 

ASA: Alcohol Septal Ablation; AVB: Atrioventricular Block;  BAE: Biatrial 

Enlargement; CAD: Coronary Artery Disease; CAVB: Complete Atrioventricular Block; 

CCT: Cardiac Computed Tomography; CHB: Complete Heart Block; ICD: Implantable 

Cardioverter Defibrillator; CHF: Congestive Heart Failure; CMRI:  Cardiovascular 

Magnetic Resonance Imaging; ECG: Electrocardiogram/ Electrocardiographic; EMF: 

Endomyocardial Fibrosis; FD:  Fabry Disease;  fQRS: Fragmented QRS; GVUS: Genetic 

Variants of Unknown Significance; HCM: Hypertrophic Cardiomyopathy; HR: Heart 

Rate; IVS: interventricular septum;  LA: Left Atrial/Atrium; LAE: Left Atrial 

Enlargement; LBBB: Left Bundle Branch Block; LGE-CMRI: Late Gadolinium 

Enhancement on CMRI; LoF:  Loss of function; LV: Left Ventricle/Ventricular; LVH: 

Left Ventricular Hypertrophy; LVNC: Left Ventricular Non-Compaction; LVOT: Left 

Ventricular Outflow Tract; LVOTO: Left Ventricular Outflow Tract Obstruction; 

MACE: Major Adverse Cardiac Events; MVOHCM: Mid‐Ventricular Hypertrophic 

Obstructive Cardiomyopathy; MWT: Maximal Wall Thickness;  NOHCM: Non-

Obstructive Hypertrophic Cardiomyopathy; NSVT: Non-Sustained Ventricular 

Tachycardia; OHCM: Obstructive Hypertrophic Cardiomyopathy; OHCA: Out-of-



Hospital Cardiac Arrest; PET: Positron Emission Tomography;  PTSMA: Percutaneous 

Transluminal Septal Myocardial Ablation; RAE: Right Atrial Enlargement; RBBB: Right 

Bundle Branch Block;  RV: Right Ventricle/Ventricular; RVOTO:  Right Ventricular 

Outflow Obstruction; S: Sensitivity;  SAM: Systolic Anterior Motion; SAN: Sinoatrial 

Node; SMVT: Sustained Monomorphic Ventricular Tachycardia,  SP Specificity; STSE: 

ST-Segment Elevation: STSD: ST Segment Depression; SSS: Sick Sinus Syndrome; 

TTE: Transthoracic Echocardiography; TWI: T-Wave Inversion;   WPW-S:  Wolff-

Parkinson-White Syndrome. 

 

 

 

 

Introduction 

HCM is a worldwide, relatively frequent, genetic heart disease that often does not affect 

life expectancy macroscopically, characterized by abnormal LV wall thickness and/or 

heart weight (a heart weight >500 g has pathological significance).1 The average 

gross weight of the heart was 289.6 g for men at an age of 31-40 years, 284.7 g for women 

at the same age. At an age of 61-70 years, the average weight was 345.9 g for men and 

285.1 g for women.  HCM has normal or supernormal systolic function and impaired 

diastolic function, including chamber stiffness and impaired relaxation.2 Active 

relaxation is an energy-consuming process, and its impairment in HCM may be related to 

abnormal calcium kinetics,3 subendocardial ischemia,3 no uniform temporal and regional 

distribution of load and inactivation.4 

In HCM the LVH is typically asymmetrical, but it can also be symmetrical and can 

involve only delimited regions, such as the apex: Ap-HCM.   



The diagnostic microscopic features include:  

Myofibrillar disarray:  in which the myocardial cells are arranged in a disorganized 

pattern5 (the loss of the normal parallel alignment of the myocytes), associated with 

interstitial fibrosis. Additionally, myofibrillar disarray may be produced by abnormal 

stress vectors resulting from alterations in the sequence of depolarization, and therefore 

the pattern of contraction. This unifying concept to explain the development of 

myofibrillar disarray could be observed in a variety of conditions such as in normal hearts 

by chronic electrical pacing.6  

Dysfunction of the coronary microvasculature: normal epicardial arteries on coronary 

angiography,  increased wall thickening leading to luminal narrowing, silent myocardial 

ischemia, myocardial injury and fibrosis7 are some features.  In summary, myocardial 

ischemia could be secondary to microcirculation disease, decrease of vasodilator 

capacity, systemic compression of septal and subepicardial vessels, fall of pressure in 

aorta root, difficulty in coronary filling by hypertrophy, coronary atherosclerosis in >50 

year-old patients, offer/demand imbalance by excessive increase of ventricular mass, c) 

Striking increase in interstitial connective tissue: replacement fibrosis may be 

pericellular, patchy, or extensive and often is more prominent in the ventricular septum.5, 

8 LVH and/or myocardial fibrosis without myocardial disarray are features of uncertain 

significance.9  

Mitral valve abnormalities, including aberrant papillary muscles, abnormal papillary 

muscle insertion into the anterior mitral leaflet, and enlargement and elongation of mitral 

leaflets are common in HCM and responsible for the creation of a pathologic 

dynamic LVOT gradient.10 In 5 to 10% of patients, in the late phase, they evolve into 

dilatation and systolic dysfunction resulting from myocardial fibrosis secondary to 

microinfarctions and possible associated to CAD.  



The anatomopathological substrate is an important septal cell disorder (95%) and 

hypertrophy of the middle layer with narrowing of light of the intramural branches 

responsible of ventricular dysfunction as well as arrhythmias.  

 

HCM and its variable phenotypic expression classifications 

Genotype-positive and phenotype-negative HCM, subclinical HCM “near normal 

variant”. Related to relatives of individuals’ genetic mutation for HCM, or those who 

should be followed up for the risk of developing any other variant such as the presence 

of crypts: genotype-positive and phenotype-negative HCM,11 abnormal trabeculation, 

and anterior mitral valve leaflet elongation. Some studies have pointed at the presence of 

myocardial crypts (ie, narrow, blood-filled invaginations within the LV wall) as a 

prephenotypic marker of HCM in the absence of LVH. LV myocardial crypts represent a 

distinctive morphological expression of HCM, occurring with different frequency in 

HCM patients with or without LVH. Crypts are a novel CMRI marker, which may 

identify individual HCM family members who should also be considered for diagnostic 

genetic testing. These data support an expanded role for CMRI in early evaluation of 

HCM families.  Single or paired inferobasal myocardial crypts were an occasional and by 

no means rare finding among patients referred for CMRI without a pretest suspicion of 

HCM. This, together with similar previous findings in a cohort of healthy volunteers, 

supports their being regarded, in such individuals, as incidental variants of local 

myocardial structure, unlikely to require further investigation. It is necessary a larger 

registry-type study may be justified to investigate the clinical implications of multiple 

crypts, especially if associated with HCM family history.12 Phenotype-negative HCM 

suggests that HCM is more common than previously estimated, which may enhance its 



recognition in the practicing cardiovascular community, allowing more timely diagnosis 

and the implementation of appropriate treatment options for many patients.13 

Septal asymmetrical variant with resting LVOTO and “S” shape or sigmoid septum 

(obstruction at subaortic level: septal basal thickness). This variant is the most 

frequent and is found in approximately 20% of the patients and is associated with mitral 

valve SAM and dynamic LVOT, however, in 75% of cases HCM is not associated with 

LVOT, hence the name change from OHCM to HCM. 

Asymmetrical HCM: Basal septal thickness ≥15 mm; ratio of septal thickness to thickness 

of inferior wall at midventricular level >1.5. The asymmetric septal form is the most 

common morphologic variant of HCM and accounts for up to 60–70% of cases. In 

asymmetric HCM, the ventricular septum is disproportionately enlarged, with the 

anteroseptal myocardium most commonly involved. The septal hypertrophy can be 

limited to the subaortic, midventricular, or apical regions. In some patients, the 

hypertrophy can be focal and may involve only one or two LV segments, hypertrophy 

involving the basal anterior septum, anterolateral free wall, posterior septum, and apex. 

At times, it may involve the entire length of the septum from base to apex or may extend 

and involve anterior or inferior walls of the LV. The normal thickness of the LV is 12 

mm or less, measured during diastole. Figure 1 shows septal basal hypertrophy, the most 

frequent anatomical variant. 

 



 

Figure 1. Obstructive HCM: severe peak gradient in the LVOT or mid LV cavity ≥30 

mm. 

 

Scheme to assess the Wigle’s score 

“The Wigle’s score” is a point score system which takes into account the thickness of the 

ventricular septum, the presence of septal hypertrophy at papillary or apical levels, and 

the presence of anterolateral wall extension of hypertrophy; the score is the sum of these 

factors, spanning from 0 to 10 (Table 1). 

Location thickness Thickness Points 

Septal basal 15-19 mm 

20-24 mm 

25-29 mm 

≥ 30 mm 

1 

2 

3 

4 

Extension to papillary muscle  2 



Extension to  apex  2 

Extension to  lateral wall  2 

Table 1. Total 10. The total score is the sum of these individual factors and spans from 0 

to 10. The magnitude and distribution of LVH, assessed by Wigle’s score, is related to 

invasive indexes of passive diastolic dysfunction. HCM patients with severe LVH 

(Wigle’s score ≥8) showed higher pulmonary capillary wedge pressure, LV end-diastolic 

pressure, and constant of chamber stiffness.14 

 

Figure 2 is a typical ECG example of septal basal thickness, “S” shape or sigmoid septum 

(obstruction at subaortic level), and Figure 3 shows a comparison between the first vector 

in a normal heart and in HCM with sigmoid septum. Figure 4 shows the same comparison 

in the horizontal plane.  

 

Figure 2. Note the “clean dagger shape deep” and narrow Q waves in lateral leads I, aVL, 

and V4 to V6.  Concomitantly, a R voltage of V1 is greater than V2: R reverse progression 

in the precordial leads. The increased voltage of the first vector (septal vector) is 

indicative of selective left septal hypertrophy that justifies the higher voltage of R wave 



in V1 and concomitant increase in the depth of Q wave in the left leads I, aVL, V5 and 

V6. 

 

 

Figure 3. Ludic figure in the frontal plane showing different magnitudes of the first septal 

vector in a normal heart and in sigmoid basal hypertrophy. 



 

Figure 4. The ECG phenotype of HCM depends on the anatomical variety, thus, the most 

frequent form (OHCM)  is characterized by dynamic obstruction - of varying degrees -  

in the LVOT consequence of abnormal selective hypertrophy located in the high left IVS 

responsible for the first septal vector of ventricular activation, septal vector,  or  

"Peñaloza-and Transchesi vector"15 that activates the middle third of the left septal 

surface, which explains the presence of increased of R waves voltage in the right 

precordial leads ( V1 and/or V1-V2)  and concomitant  " large dagger-like  septal Q 

waves"  in the lateral wall leads  (I, aVL,  and V4 to V6) and sometimes  in the inferior 

wall (II, II, and aVF). This phenotype is explained by the presence of a longer-lasting 

septal vector that points to the right precordial lead s and moves away from the left ones.  

 

Q wave >3 mm in depth and/or >40 ms in duration in at least two leads except aVR 

showed the highest sensitivity (50% in the young, 29% in adults) while retaining a high 

specificity (90% in the young, 97% in adults), resulting in the highest accuracy (69% in 

the young, 52% in adults). Using this criterion, abnormal Q waves were present in 27.6% 

of preclinical carriers, and in 5.4% of non-carriers. This Q wave type is caused by 



transmural fibrosis and or disproportionate hypertrophy of the basal IVS and/or basal LV 

free wall.16 In normal hearts small ‘septal’ q waves are typically registered in the lateral 

leads (I, aVL, V5 and V6). The absence of small septal q waves in leads V5-6 should be 

considered abnormal. Absent q waves in V5-6 is most commonly due to LBBB. Deeper 

Q waves (>2 mm) may be seen in leads III (+120°) and aVR (-150°) as a normal heart. Q 

waves are considered abnormal if >40 ms (1 mm) wide, >2 mm deep, >25% of depth of 

the QRS complex. These need to be present in at least two contiguous leads to be 

considered abnormal (leads II and III for example, and not leads II and aVF). The 

exception is the lateral leads V6, I, and aVL where the Q wave duration only needs to be 

30 ms to be deemed abnormal.  

 

Non-obstructive forms  

Septal asymmetrical with reverse septal curvature (NOHCM) characterized by a septal 

hypertrophy as a reversed "S", more distant from the LVOT. This presentation does not 

cause obstruction to the LVOT. The identification of this variant by CMRI is 

characterized by a septal/free wall thickness ratio greater than 1.3 in the short-axis.17 

Changes in rotation and back-rotation at the LV basal level in HCM patients with a typical 

reverse septal curvature are mainly caused by regional changes in the basal septal and 

anterior segments, the LV segments mostly involved in the hypertrophic process. At the 

apical level changes in rotation and back-rotation are more homogeneous. counter-

clockwise rotation at the basal LV level were seen, in particular in the septal segment.18 

Sigmoid septum (focal and isolated hypertrophy of the basal interventricular is defined 

as a septum ≥13 mm in men and ≥12 mm in women, exceeding ≥50% of the median 

septum thickness) was classified as Type 1 (≤14 mm) and Type 2 (≥15 mm). Regarding 

the HCM, patients with type 2 sigmoid septum are older and generally hypertensive; 



otherwise, often they have no clear differences in their clinical, ECG or TTE 

characteristics. Therefore, CMRI is helpful in the differential diagnosis.19  

MVOHCM or mid-ventricular obstruction with or without LV apical diverticulum. 

MVHOCM is a rare variant that occurs in ≈1% of HCM patients.20 It could be 

complicated by apical aneurysm.21 It characterized by a MVHOCM that causes a local 

narrowing and, in severe cases, apical dilatation. In ≈10% of patients, there may be apical 

aneurysm formation.17 Apical aneurism is better diagnosed by CRMI than TTE which, in 

turn, can fail to detect this change in 10% of cases.22 MVHOCM with secondary 

formation of apical aneurysm is a rare variant of HCM. They have a unique behavior 

because unlike other variants it causes SMVT, which makes it particularly severe.23 

Example: A 53 year-old Caucasian male presented a sudden discomfort and syncope ≈1 

hour before, he started with profuse diaphoresis, dyspnea at rest, followed by syncope. 

The patient reported to be accompanied by a cardiologist and informed to be a carrier of 

familial HCM. He also reported a son who suddenly died at age of 18 during cycling. He 

is using β‐blockers. Physical: cold sweating, unconscious, and dyspnea. Tachycardia, 

regular cardiac rhythm (heart rate: 185 bpm), without cannon “a” waves, changes in beat‐

to‐beat systolic blood pressure or variations in the first heart sound intensity. Blood 

pressure: 80 × 60 mmHg. Peripheral pulses present without edema. Bilateral crackles in 

both lungs. Figure 6 shows a 12-lead ECG during the event and Figure 7 immediately 

after the reversion. 



 

Figure 6. SMVT, 187 bpm, QRS axis in the right superior quadrant “no man's land or 

Northwest axis” (≈−175°), absence of fusion and/or capture beats, R wave in V1, 

and QS pattern from V2 to V6. Conclusion: SMVT originated from apical focus. 

 

Figure 7. ECG performed immediately after SMVT reversion. Sinus rhythm, prolonged 

P wave duration (P = 145 ms), P, augmented P‐terminal forces (PTF‐V1): LAE, first 

degree AV block. PR interval (260 ms): QRS duration 115 ms, fQRS. The ST segment 



and T wave are in an opposite direction to the preceding QRS complexes in the lateral 

leads: strain pattern.  

 

MVHOCM, when in association with apical aneurysm, frequently is complicated with 

SMVT, unlike other forms of HCM, the VTs of which are usually NSVT. This difference 

makes the MVHOCM more severe, which indicates the need of implanting an automatic 

ICD as a secondary prevention for SCD, in association with β‐blockers. The latter are 

aimed at decreasing the number of shocks by the device.  

 

An overview of Ap-HCM or Yamaguchi syndrome:  Invigorating the value of the 

Electro-Vectorcardiogram 

Ap-HCM or Yamaguchi syndrome is a non-obstructive subtype of HCM which 

predominantly affects the LV apex of the heart. The apex (the most inferior, anterior, and 

lateral part as the heart lies in situ) is located in the midclavicular line, in the fifth 

intercostal space, formed by the LV. The base of the heart, the posterior part, is formed 

by both atria, but mainly the LA.  Ap-HCM is a rare form of HCM which usually involves 

the apex of the LV, but rarely the RV or both.24 Ap-HCM was thought to be confined to 

the Japanese population but it is also found in other populations. Of all the HCM patients 

in Japan the prevalence of Ap-HCM was 15%, whereas in the USA the prevalence was 

only 3%.25 Due to the nature of its presentation that mimics ACS and also to the 

unfamiliarity of the condition by some physicians, the diagnosis of Ap-HCM is frequently 

missed or delayed.26, 27 This variant causes in 2%, 3% to 8%; obliteration of LV cavity at 

the apex together with an apical wall thickness >15 mm or a ratio between apical and 

basal LV wall thicknesses ≥1.3-1.5 cm.4 This variant has a better prognosis than the other 



variants, although it has been more associated with ischemia and apical myocardial 

infarction.28 

 

The relevance of the ECG/VCG in Ap-HCM 

ECG features in Ap-HCM  

• Giant negative T waves in the precordial leads with negativity ≥1.0 mV (10 mm). The 

significant posterior and rightward shift of the ST/T vector is responsible for the 

characteristic giant negative T wave from V2 to V5 in the horizontal plane. T waves 

at the onset may not present a significant voltage and may appear later with the 

evolution of the disease.29 

• The depth of negative T waves is related to craniocaudally asymmetry and apical late 

enhancement.30 

• Exercise stress test may decrease the depth of T waves.31 

• Three hypotheses emerged to explain these negative T waves: apical subendocardial 

ischemia, apical cell disorder, and greater duration of action potential of 

hypertrophied cells, thus conditioning the area to have a slower repolarization.32 

• The prevalence of Ap-HCM in the western world is approximately 0.02 to 0.2% and 

constitutes 8% of HCM, while in Japan the apical form represents about 25%.32 

• Prominent R waves in intermediate precordial leads are observed in ≈80% of Ap-

HCM. 

• Sometimes R-wave voltage and T-wave negativity progressively decrease in 

magnitude in serial ECGs. 

• NSVT can be observed in patients who developed apical aneurysm with normal 

coronary arteries. In order to clarify the mechanisms of ECG abnormalities in HCM, 

102 patients were examined with CMRI. Distribution and magnitude of hypertrophy 



and late enhancement were correlated with ECG abnormalities: abnormal Q waves 

reflect the interrelation between upper anterior septal thickness and other regions of 

the LV and RV, and wider Q waves are associated with late enhancement. Conduction 

disturbances and absent septal Q waves are associated with late enhancement. 

 

VCG in Ap-HCM: type IV vectorcardiographic LVH of our classification 

 

Figure 8 shows an ECG/VCG correlation in Ap-HCM in the horizontal plane. 

 

Figure 8. Vectorcardiogram in Ap-HCM (type IV vectorcardiographic LVH): initial 

vectors of QRS loop heading forward and to the left; QRS loop predominantly located in 

the left anterior quadrant; maximal vector that increases voltage; final vectors located in 

the right posterior quadrant; the E point (beginning of the QRS loop) is not coincident 

with the 0 point (end of the QRS loop) and located backward and rightward related the 0 

point. This pattern is considered by us a type IV vectorcardiographic LVH. 

 



We divided the vectorcardiographic LVH into five subtypes in the HP (modified from 

Varrriale)33 (Figure 9). 

 

 

Figure 9. The diagnosis is based on the following elements in Ap-HCM (type IV LVH): 

giant (≥10mm) and negative T waves from V2 to V4; prominent R waves in intermediate 

precordial leads: QRS-loop predominantly located on anterior left quadrant (HP); T-wave 

axis in the right posterior quadrant in the HP and right superior quadrant in the FP: 

extreme axis deviation = QRS axis between -90° and ±180° (“Northwest Axis”);34 mild 

symptoms and benign course; aspect of spade cards in left ventriculography 

(pathognomonic?); absence of ventricular gradient; the incidence increases significantly 

the more advanced the age of the group under study, since typical ECG manifestations 

may appear late and with evolution. 

 

Figures 10-16 illustrate a typical example of ECG/VCG in Ap-HCM. 



 

Figure 10. Prominent R waves in intermediate precordial leads, giant negative T waves 

only in V3 (T-wave ≥10 mm deep). By definition giant negative T wave is considered 

when ≥ 10 mm deep. In the present case only V3 meets this criterion. T wave is negative 

in I, II, aVL, and from V1 to V6. LVH criteria based on increase of amplitude or voltage 

of the QRS complexes. Positive Sokolow-Lyon index: S of V1 + R of V5 ≥35 mm in 

adults. Positive point score system for LVH or Romhilt-Estes Score = 6 points. ST-T 

vector opposite to QRS without digitalis. R wave in V5 or V6 ≥30 mm. 5 or more points: 

certain LVH. 

 



 

Figure 11. ECG/VCG correlation in the FP. Normal P- wave/loop, very broad QRS/T 

angle (140°):  SÂQRS + 25°/ SÂT -165°.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure 12. ECG/VCG correlation in the HP. QRS-loop predominantly located in the 

anterior left quadrant (≈25°, clockwise rotation), giant R wave from V2 to V5, and deep 

negative T-waves from V2 to V6. T-loop located in the right posterior quadrant (SÂT -

165°). Very broad QRS/T angle near 160°). Wide QRS-T angle (>90°) in the 12-lead 

ECG is associated with an increased risk of SCA independent of the left ventricular 

ejection fraction.35 

 

 



 Figure 13. ECG/VCG correlation in the Right Sagittal Plane. Magnified P-loop shows 

normal (or near normal) P- wave/loop, very broad QRS/T angle (140°):  SÂQRS + 40°/ 

SÂT -150°.  Negative T-wave in V2 because T loop is directed to back and upward.   

 

 

Figure 14. Clinical/echocardiographic diagnosis: Ap-HCM. Diastolic thickness of IVS in 

the apical region greatly increased (32 mm): Ap-HCM.  

ECG diagnosis: sinus rhythm, LAE, normal QRS axis in the FP (+50º), LVH (positive 

Sokolow-Lyon index: S of V1 + R of V5 ≥ 35 mm or 3.5 mV in adults older than 30, 40 

mm or 4.0 mV between 20 and 30 years (Sokolow-Rapaport), >60 mm between 16 and 

20 years, and >65 mm  between 11 and 16 years), QS pattern in V1-V2 contrasting with 

abruptly prominent QRS anterior QRS forces in intermediate leads (V3-V4), R wave of 

V5 or V6 >26 mm and strain pattern of ventricular repolarization from V4-V6, high lateral 

(I aVL), and inferior wall ( II-III-aVF) leads with wide QRS/ST/T angle near ±180º. 

 



Figure 15. ECG/VCG correlation of the same patient: The main body of the QRS loop 

located in the left, inferior, and posterior quadrant, the magnitude of maximal QRS vector 

is clearly increased (>2.2 mV): LVH. Giant negative T wave from V4 to V6 (Ap-HCM). 

 

Clinical case 

A 41-year-old male patient with history of chest pain and exhaustion in strain. He 

mentioned systemic hypertension currently without treatment. He does not smoke or have 

diabetes. His father died with 77 years of age due to AMI? His brother died suddenly 

when he was 37 y/o while sleeping.  

Cardiac auscultation: regular heart rhythm, HR=68 bpm + fourth heart sound without 

murmur, normal pulmonary artery and limbs, blood pressure = 140/100 mmHg. 



The ECG was performed, and also TTE was suggested to rule out Ap-HCM. Several 

ECGs with the same morphology. 

Supplementary tests. TTE: LV end diastolic diameter: 49 mm. LV end systolic diameter: 

26 mm. Septal diastolic thickness: 14 mm; LV posterior wall diastolic diameter: 14 mm; 

aorta: 29 mm; LA: 40 mm; EF=78%; mass: 355 g. 

Conclusion: moderate concentric LVH (moderate LV diastolic dysfunction, heart valves 

with normal morphological aspect, absence of gradient in the LVOT, mild mitral reflux).  

Holter monitoring: predominantly sinus rhythm, asymptomatic isolated ventricular 

ectopic beats (210), absence of NSVT. 

Left heart catheterization: presence of myocardial bridge in the proximal 1/3 of the LAD. 

LV with ap-HCM with apical predominance (ventriculography shows spade-like 

morphology). Normal coronary arteries. 

 

 

Figure 16. Deep TWI, asymmetric T-wave in I, aVL and from V2 to V6 in the inferior 

leads, biphasic T-wave in aVF, negative symmetric T-wave in II, V2-V3. 



Vectorcardiogram features in Ap-HCM 

In the apical form we find type IV vectorcardiographic LVH of our classification; 

nevertheless, it is not exclusive since other non-apical forms of HCM may display this 

pattern by presenting: initial vectors of the QRS loop heading to the front and the left; 

QRS loop predominantly located in the left anterior quadrant; maximal vector that 

increases voltage; final vectors located to the right and backward, with ST/T vector in the 

right posterior quadrant. This is the only case of LVH without CAD associated to T loop 

in this quadrant. A curious fact is constituted by the association of apical infarction and 

T loop in right posterior position; E point not coincident with the 0 point of the QRS-

loop, and located backward and to the right from the latter. 

 

Genetic background in Ap-HCM 

HCM is inherited as an AD trait and is attributed to mutations in one of a number 

of genes that encode for one of the sarcomere proteins. 

About 50-60% of patients with a high index of clinical suspicion for HCM will 

have a mutation identified in at least 1 of 9 sarcomeric genes. Approximately 45% of 

these mutations occur in the β myosin heavy chain gene on chromosome 14 q11.2-3, 

while approximately 35% involve the cardiac myosin binding protein C gene. Since HCM 

is typically an autosomal dominant trait, children of an HCM parent have 50% chance of 

inheriting the disease-causing mutation. Whenever a mutation is identified through 

genetic testing, family-specific genetic testing can be used to identify relatives at risk for 

the disease. In individuals without a family history of HCM, the most common cause of 

the disease is a de novo mutation of the gene that produces the β-myosin heavy chain. 

HCM is a myocardial disease with variable phenotypes and genotype. Non-obstructive 



HCM localized to the cardiac apex (wall thickening is confined to the most distal region 

at the apex)  

Ap-HCM is a specific variant of HCM. This variant has been first described in 

Japan where the prevalence is much higher than in the western world.  

Ap-HCM, occurs in only 1 to 2% of the non-Japanese population.  

Only a limited number of sarcomere gene defects (e.g., cardiac actin Glu101Lys) are 

consistently produce Ap-HCM.36  

De novo cases are frequent. A single amino acid substitution in actin causes either 

CHF or maladaptive cardiac hypertrophy, depending on its effect on actin structure and 

function. De novo mutations in cardiac actin gene were identified in two patients with 

sporadic HCM who presented with syncope in early childhood. Patients were 

heterozygous for missense mutations resulting in Pro164Ala and Ala331Pro amino acid 

substitutions, adjacent to regions of actin-actin and actin-myosin interaction, respectively. 

A mutation that cosegregated with familial HCM was also found, causing a Glu99Lys 

substitution in a weak actomyosin binding domain. The cardiac phenotype in many 

affected patients was characterized by an Ap-HCM.37 

 

Differential diagnosis with disorders that may involve the LV apex 

There are many disorders that may involve the LV apex; however, they are 

sometimes difficult to differentiate. The spectrum of diseases that most frequently affect 

the apex of the LV include:  

LV apical cardiac tumors: Primary tumors of the heart are rare, with an incidence of 

between 1.7 and 190 per 100 000 at unselected necropsy, the majority of which are 

benign.38 Cardiac myxomata account for approximately half of these, occurring most 

frequently in the atria (75% LA and 20% RA), and rarely in the LV or RV (3–4% on 



either side). Other benign primary cardiac tumors include papillary fibroelastomas, 

fibromas and lipomas. Diagnostic tool to establish diagnosis TTE with contrast/ CCT: 

CCT/CMRI. 

LV apical thrombus: Mobility of LV apical thrombi was the most important parameter 

associated with early thrombus resolution. Late resolution of LV apical thrombi was 

associated with poor long-term clinical outcomes.39 Diagnostic tool to establish 

diagnosis: TTE with contrast/CCT/CMRI. 

Isolated LVNC: very unusual congenital cardiomyopathy. It is a disease of 

endomyocardial trabeculations that increase in number and prominence. This 

cardiomyopathy carries a high risk of malignant arrhythmias, thromboembolic 

phenomenon and LV dysfunction. Diagnostic tool to establish diagnosis CMRI/CCT.40 

Endomyocardial fibrosis (EMF): an idiopathic disorder of the tropical and subtropical 

regions of the world that is characterized by the development of restrictive 

cardiomyopathy and fibrotic changes in the endocardium, usually limited to the cardiac 

apex. Diagnostic tool to establish diagnosis: CMRI/CCT. A LV angiogram shows apical 

obliteration during both systole and diastole in EMF, whereas in Ap-HCM obliteration 

occurs only in systole and also there is an absence of significant ventricular hypertrophy 

in EMF patients.41 

CAD: Physicians caring for patients with chest pain should consider Ap-HCM in their 

differential diagnosis in case of a patient with chest pain and ECG changes suggestive of 

CAD.42 Diagnostic tool to establish diagnosis: TTE/coronary angiogram and LVG. 

Takotsubo cardiomyopathy (“octopus trap”): also known as transient apical ballooning 

syndrome, apical ballooning cardiomyopathy, stress-induced cardiomyopathy, 

Gebrochenes-Herz-Syndrome, broken heart, or simply stress cardiomyopathy. A bulging 



out of the LV apex with a hypercontractile base of the LV is often noted. Its hallmark is 

bulging out of the apex of the heart with preserved function of the base. 

LV false tendons: fibrous or fibromuscular bands that stretch across the LV from the 

septum to the free wall. They can also tether to a papillary muscle, but unlike the chordae 

tendineae, do not connect to the mitral leaflets. They are anatomic variants that should 

not be mistaken for abnormalities such as tumors, subaortic membranes, thrombus 

borders, septal hypertrophy.  

Chronic Chagasic cardiomyopathy: the apical aneurysm with thrombus in it is a 

frequent and distinctive finding.43 The apical aneurysm more frequent in men, unrelated 

to age, and heart weight. Patients dying of the cardiac consequences of Chagas's 

cardiomyopathy were more likely to have an apical aneurysm than those whose death was 

unrelated to the disease but the mode of death (SCD or with CHF) was unconnected with 

its presence. Trans illumination from within the ventricle at necropsy was not only useful 

in demonstrating the aneurysm but also showed areas of myocardial thinning elsewhere. 

Thrombosis within the lesion are frequent44 (Figure 17). 

LV aneurysms. 

LV pseudo aneurysms. 

Apical diverticula. 

Apical ventricular remodeling. 

ARVC/D with LV involvement. 

 



 

Figure 17. A) Chronic Chagasic cardiomyopathy with apical aneurysm. B) Thrombosis 

of the apical aneurysm. 

 

Ap-HCM45 with an emphasis on the diagnostic criteria and imaging features. In this 

setting cardiac imaging methods can provide the clue to obtaining the diagnosis.  

 

Figure 18 shows a pathognomonic left ventriculography in Ap-HCM. 



Figure 18. Left ventriculography pathognomonic of Ap-HCM: Ace-of-spades 

sign refers to the pathognomonic configuration of the LV as seen in Ap-HCM.46  

 

Ap-HCM complications  

Specific complications of apical HCM include: 

1) Apical infarctions with resultant aneurysm formation, the so called burned-out apex. 

An apical aneurysm further increases the risk of  

2) Thrombi formation and thromboembolic phenomena.  

3) MACE: The presence of apical aneurysms or a significant amount of delayed 

enhancement (>5%) are major predictors of MACE and survival in Ap-HCM. 

4) AF: common in HCM with a prevalence of 22-32 %. The impact of AF on overall 

survival, LV function, thromboembolic stroke and quality of life is crucial.   

 

Prognosis 

The prognosis of Ap-HCM regarding to SCD is believed to be better than that of 

OHCM. Patients with the Ap-HCM had a benign clinical course. However, the mutation 

Arg719Trp in the cardiac beta-myosin heavy chain (beta MHC) gene is a high risk factor 

for sudden death and can be associated with an unusual Ap-HC.47 Current evidence 

suggests that these patients experience severe symptoms and are at increased risk of 



ventricular arrhythmias and death, especially in the presence of an apical akinetic 

chamber. A large LV end diastolic dimension may predict cardiac events in Ap-HCM 

patients.48 

Morbid sequel, and other extra-cardiac disorders such as: AF, diastolic 

dysfunction, LAE, apical thrombi, ventricular aneurysms/apical akinetic chamber, 

myocardial infarction, CHF, high incidence of coronary fistulae and morbid AF.49 

Neuromuscular disorders (NMDs): Ap-HCM is rarely associated with NMDs, 

such as limb girdle muscular dystrophy, glycogen storage disease, metabolic myopathy, 

myopathy of unknown significance, or eosinophilia-myalgia syndrome. The rare 

association of NMDs with Ap-HCM might be due to absence of systematic neurological 

investigations of patients with Ap=HCM and vice versa.50 

The probability of survival without morbid events at 10 years was 77±4%.  

Three independent predictors of cardiovascular morbidity were identified: age at 

diagnosis ≥60 years, LA diameter ≥36 mm, and New York Heart Association class ≥III 

at baseline.51 

ICD has been used in Ap-HCM patients with cardiac arrest and NS-VT.17  

Unlike other variants of HCM, the prognosis of ApHCM is relatively benign. The overall 

mortality rate of Ap-HCM patients was 10.5% and cardiovascular mortality was 1.9% 

after a follow-up of 13.6 ± 8.3 years.52 

Management 

Currently available therapies for HCM have been effective in reducing morbidity, there 

remain important unmet needs in the treatment of both the obstructive and non-

obstructive phenotypes. Novel pharmacotherapies directly target the molecular 

underpinnings of HCM. The recent developments in the treatment of HCM including 

pharmacotherapy. Medications used to treat symptomatic patients with Ap-HCM include 



verapamil, beta-blockers and antiarrhythmic agents such as amiodarone and 

procainamide.  

ICD: HCM patients with LV apical aneurysms are at high risk for arrhythmic sudden 

death and thromboembolic events. Identification of this phenotype expands risk 

stratification and can lead to effective treatment interventions for potentially life-

threatening complications.53 An ICD is recommended for high risk patients. In HCM, 

unlike CAD, prevention of SCD with ICD therapy is unassociated with significant 

increase in cardiovascular morbidity or mortality, or transformation to CHF deterioration. 

ICD therapy does not substantially impair overall psychological and physical well-

being.54 Ap-HCM, VTs of which are usually NSVT. This difference makes more severe, 

which indicates the need of implanting automatic ICD as a secondary prevention for SCD, 

in association to β‐blockers. The latter are aimed at decreasing the number of shocks by 

the device.  

 

Figure 19 shows image comparisons of TTE without and with contrast, and CRMI for the 

diagnosis, expanded risk stratification, and management implications in HCM. Patients 

with high-risk LV apical aneurysms. 



 

 

Figure 19. (A to D) Aneurysms more reliably identified by CMRI and contrast with TTE. 

(A) in 4-chamber view shows normal apical contour without evidence of apical aneurysm, 

whereas TTE (Echo) with contrast (B) and CMRI (C) in the same patient demonstrates 

medium-sized, thin-wall apical aneurysm (arrowheads) with associated hour-glass–

shaped LV chamber (D). Aneurysms can raise risk of SD. (D) In another patient, contrast-

enhanced CMR image shows transmural LGE of aneurysm rim (arrowheads) with 

contiguous cho into the inferior (short arrows) and anterior LV walls (long arrow), a 

potential nidus of MVT. Aneurysms are sources of thromboemboli. Marked signal 

intensity contrast between the bright aneurysm rim and hypointense mass (yellow arrow) 

confirms presence of a thrombus in the apical aneurysm. Below are management 



implications and effect of treatment interventions, including prevention of SD with ICDs, 

radiofrequency ablation of arrhythmic focus for refractory monomorphic VT (E). and 

stroke prophylaxis with anticoagulation. (E) Electroanatomic endocardial voltage map in 

the right anterior oblique view of an apical aneurysm patient with recurrent VT. The red 

dots represent the ablation lesions delivered around the rim of the scarred aneurysm. ICD 

¼; LA ¼; LV ¼; RV ¼; SD ¼ SCD; VT ¼.53 

 

Ablation: Patients with Ap-HCM or non-Ap-HCM had similar success rate of AF 

ablation after single procedure and lower success rate after multiple procedure compared 

with the control group;55 Long-term outcome of catheter ablation for AF was worse in 

patients with Ap-HCM, as compared to controls, but was similar to patients with 

asymmetric septal obstructive HCM.56 Ap-HCM has a better prognosis than asymmetric 

septal HCM. However, the outcome of catheter ablation for AF in patients with Ap-HCM 

is similar.  In patients with Ap-HCM, AF Is frequent and associated with a substantial 

risk for strokes and mortality suggesting that AF should be carefully managed in Ap-

HCM.57 

Monomorphic VT in Ap-HCM can be due to endocardial, epicardial or intramural reentry 

in areas of apical scar. ICD indications in HCM if one or more of the acknowledged SCD 

risk factors were present: family history of premature HCM-related death particularly if 

sudden, in a close relative, or multiple in occurrence, unexplained syncope, particularly 

in young patients, or if demonstrated to be arrhythmia-based, frequent, multiple, or 

prolonged episodes of NSVT documented in serial ambulatory, Holter monitoring and 

hypotensive or attenuated blood pressure response to exercise. 

 



Concentric, symmetrical, diffuse or homogeneous HCM: This variant is characterized 

by thickening of the myocardium and a reduction of the LV cavity in absence of an 

identifiable cause such as hypertensive heart disease, aortic stenosis, athletes heart 

syndrome or infiltrative disease or n storage disorder (Danon’s disease (X-linked), 

familial transthyretine-related amyloidosis (ATTR) (autosomal dominant).  sarcoidosis, 

FD, etc), which represent ≈ 20% 5-10% 1-4 to 42%  of all cases.58 It is  also characterized 

by diffuse parietal hypertrophy of the LV with reduction of LV cavity. This variant may 

also be present in the so called HCM phenocopies:  amyloidosis, sarcoidosis and FD.59 

Danon disease (clinical triad of cardiomyopathy, skeletal myopathy, and intellectual 

disability). It is caused by genetic mutations in the lysosome-associated membrane 2 

(LAMP2) gene, with most mutations leading to an absence of LAMP2 protein, and 

hypertensive heart disease; about 10 to 30% of black African/Afro-Caribbean athletes had 

abnormal ECG. R/S voltage criteria exceeding hypertrophic indices in about 60 to 89% 

of black African/Afro-Caribbean athletes. ST-segment elevation (17%-90%) and TWI are 

frequent findings among this ethnicity. About 10 to 12% of black African/Afro-Caribbean 

athletes had a LV wall thickness ranging from 13 to 15 mm. Cavity dimensions ranged 

from 40 to 66 mm in black African/Afro-Caribbean athletes with a relative wall thickness 

>0.44.60 

Athletic training may lead to cardiac remodeling, both electrophysiologically and 

structurally. Depending on the training intensity and duration, the size of the cardiac 

cavities often increases, in particular that of the LV. In addition, LV wall thickness may 

eventually reach the level of LVH mainly in Afro-descendants. However, this remodeling 

process mainly affects males; at a comparable training intensity and duration, male 

athletes, on average, develop a higher degree of LVH than females.61, 62 The LVH is 

occasionally hard to distinguish from pathological HCM, however, in the athlete’s heart, 



the diastolic function usually remains normal, yet subtle changes may occur, in particular 

in males.63 In addition, evidence also suggests that athletic training may lead to adverse 

RV remodeling, even towards a RV cardiomyopathy phenotype.64 

Focal HCM: Characterized by hypertrophy located in the myocardium. CMRI helps 

distinguishing focal HCM from other cardiac masses, by identifying evidence of 

myocardial contractility in the former case.17 

HCM in RV or biventricular: This variant occurs in 18% of HCM patients, generally 

involving the mid- and apical portion of the RV, which may cause RVOTO in severe 

cases. Increased maximum thickness of the RV wall (>8 mm) has been shown by CMRI 

in approximately 20% of HCM patients.59 Areas with increased wall thickness are 

commonly observed in the insertion of the RV wall into anterior and posterior septum, 

although the entire RV may be involved. Figure 20 shows an ECG example of pseudo 

LVH and Figure 21 RVH associated to LVH (biventricular hypertrophic pattern). 

 

 

Figure 20. Note signs of severe LVH, pure and discreetly wide R in I, aVL, V5 and V6 

with STSD followed by negative asymmetrical TWI suggesting incomplete LBBB. The 



precordial transition zone is dislocated to right (isodiphasic QRS in V2) with abrupt onset 

of pure R with high voltage in V3 indicating counterclockwise rotation of the heart around 

the longitudinal axis of the heart. Strain pattern of repolarization: STSD convex to the top 

followed by asymmetrical giant TWI wave, although in some leads (as II) T wave tends 

to be symmetrical (this tendency to symmetry indicates severe degree of LVH). 

 

 

Figure 21. Clinical diagnosis: HCM with mutation in troponin I and RVH associated to 

LVH. ECG diagnosis: Note elements of biventricular LVH associated with RVH: 

electrical QRS axis +100° qR pattern in V1 with R of high voltage in right precordial 

leads. This shaft right into I with rS pattern in leads I and aVL might erroneously suggest 

left posterior fascicular block. But remember that the postulate by Rosenbaum says, "the 

diagnosis of LPFB is only possible in the absence of clinical RVH, vertical heart or lateral 

myocardial infarction." 

 

Lateral and/or posterolateral HCM: Multiple clinical, genetic, and morphologic 

features, such as risk of SCD from arrhythmia, diastolic dysfunction, or LVOTO, the 

major determinant of progressive CHF. Consequently, HCM is a complex heart disease 



with variable hypertrophy location in the LV and/or RV. Additionally, HCM is the most 

frequent and prototypic  monogenic  cardiovascular entity or single-gene disease, with 

most often AD inherited with variable expressivity and incomplete penetrance.65 HCMs 

are heterogeneous group of pathophysiological mechanisms and etiologies, which lead to 

the development of LVH, not explained by a significant and prolonged increase in post-

load. OHCM is an inherited myocardial disease defined by cardiac hypertrophy (wall 

thickness ≥15 mm) that is not explained by abnormal loading conditions, and LVOT ≥30 

mmHg, diastolic dysfunction, myocardial ischemia, and mitral regurgitation.  

 

HCM: epidemiology and genetic background  

HCM is the most common monogenic cardiovascular disorder.  

Prevalence: in the general population around the world is 0.2% (1 in 500 adults), 1 case 

per 200 to 500 persons.66 

Sex ratio: M/F ratio 1:1. Genetic inheritance does not follow sex predilection as 

consequence of AD pattern of inheritance. It is a way a genetic trait or condition can be 

passed down from parent to child. One copy of a mutated (changed) gene from one parent 

can cause the genetic condition. A child who has a parent with the mutated gene has a 

50% chance of inheriting that mutated gene. Men and women are equally likely to have 

these mutations and sons and daughters are equally likely to inherit them. 

Age presentation: The most common presentation is in the third decade of life but may 

be present at any age, from newborns to elderly patients. 

The morphologic evidence is found in ≈25% of first-degree relatives of patients with 

HCM. 

Global distribution: So far it has been described in 122 countries, 20 million peoples 

affected worldwide, accounting for 88% of world population.   



Clinically identified individuals: only 10%, Unidentified:  90%; Symptomatic:  6%, 

Asymptomatic:  4%,  

Inherited pattern: AD inheritance.67  

Genes mutations: HCM is caused by mutations in genes encoding the tree different 

myofilament contractile components of the sarcomere: The thin (≈ 5%), thick(≈ 45%) and 

Z disc (≈ 1%) with 11 mutations or more genes sarcomere genes mutations, with β-myosin 

heavy chain and myosin-binding protein C genes most commonly involved.68-70 There are 

more than 2000 sarcomere pathogenic or with uncertain pathogenicity mutations. Many 

mutations are confined to single families.71, 72 

Figure 22 shows the main sarcomere gene mutation locations in HCM in thick, thin, 

contractile myofilaments and Z disk protein. Pathogenic variants (PVs) in genes encoding 

protein constituents of the sarcomeres are the main causes of HCM. PVs exhibit a gradient 

of effect sizes, as reflected in their penetrance and variable phenotypic expression of 

HCM. MYH7 and MYBPC3, encoding β-myosin heavy chain and myosin binding 

protein C, respectively, are the two most common causal genes and responsible for ≈40% 

of all HCM cases but a higher percentage of HCM in large families. PVs in genes 

encoding protein components of the thin filaments are responsible for ≈5% of the HCM 

cases.73 

 

 



Figure 22. Thick contractile myofilament proteins (≈ 45%):  MYBPC3 (20%), 

MYH7(20%), MYL2(<1%), MYL3(<1%). Thin contractile myofilament proteins (≈ 5%): 

ACT1 gene (Actin), TPM1(Tropomiosin1), TNNI3, TNNC1, TNNT2. Z disk protein (≈ 

1%) CRSP3, MYZ02. 

 

HCM is caused by a mutation in a group of related genes that make up the cardiac 

sarcomere. More than 2000 mutations in any of at least 11 genes encoding the molecular 

components of the sarcomere can lead to development of HCM. One or more of these 

genetic mutations are found in up to 60% of individuals with a family history of HCM 

and 30% of those without a family history. Table 2 lists genes implicated in HCM. 

 

     Gene          Protein              Function 

Established causal gene HCM (large families) 

 MYH7 β-Myosin heavy chain ATPase activity, force 

generation 

 MYBPC3 Myosin-binding protein C Cardiac contraction 

 TNNT2 Cardiac troponin T Regulator of actomyosin 

interaction 

 TNNI3 Cardiac troponin I Inhibitor of actomyosin 

interaction 

 TPM1 α-Tropomyosin Places the troponin 

complex on cardiac actin 

 ACTC1 Cardiac α-actin Actomyosin interaction 



 MYL2 Regulatory myosin light 

chain 

Myosin heavy chain 7–

binding protein 

 MYL3 Essential myosin light 

chain 

Myosin heavy chain 7–

binding protein 

 CSRP3 Cysteine- and glycine-rich 

protein 3 

Muscle LIM protein 

(MLP), a Z disk protein 

Likely causal genes for HCM (small families) 

 FHL1 Four-and-a-half LIM 

domains 1 

Muscle development and 

hypertrophy 

 MYOZ2 Myozenin 2 (calsarcin 1) Z disk protein 

 PLN Phospholamban Regulator of sarcoplasmic 

reticulum calcium 

 TCAP Tcap (telethonin) Titin capping protein 

 TRIM63 Muscle ring finger protein 

1 

E3 ligase of proteasome 

ubiquitin system 

 TTN Titin Sarcomere function 

Genes associated with HCM (small families and sporadic cases) 

 ACTN2 Actinin, α2 Z disk protein 

 ANKRD1  

Ankyrin repeat domain 1 

 

A negative regulator of 

cardiac genes 

 CASQ2 Calsequestrin 2 Calcium-binding protein 

 CAV3 Caveolin 3 A caveolae protein 

 JPH2 Junctophilin-2 Intracellular calcium 

signaling 



 LDB3 Lim domain binding 3 Z disk protein 

 MYH6 Myosin heavy chain α Sarcomere protein 

expressed at low levels in 

the adult human heart 

 MYLK2 Myosin light chain kinase 2 Phosphorylate myosin light 

chain 2 

 NEXN Nexilin Z disc protein 

 TNNC1 Cardiac troponin C Calcium-sensitive 

regulator of myofilament 

function 

 VCL Vinculin Z disk protein 

Table 2. Genes Implicated in HCM. 

 

The Z score for each gene reflects deviation of the observed variants in the ExAC database 

from the expected number. A higher positive Z score indicates that the gene is intolerant 

to variation. Likewise, pLI indicates probability of intolerance to LoF variants with 1 

indicating total intolerance. HCM indicates hypertrophic cardiomyopathy; and LoF, loss 

of function.  

 

Methodologies used for the diagnosis of HCM 

ECG:74-76 In an era of fast technological development and evolving diagnostic 

possibilities, the ECG is living an authentic "rebirth" in cardiomyopathies. Currently, the 

ECG remains an irreplaceable first step when evaluating patients with HCM and an 

abnormal ECG may be the only manifestation of disease at an early stage. In some 

instances, specific electrical anomalies may differentiate HCM from cardiac amyloidosis 



and glycogen storage diseases. + The exponential growth in knowledge of the complexity 

of HCM has led to new challenges in terms of early identification of the disease, 

differential diagnosis, risk stratification, and development of targeted therapies. In this 

scenario, the apparently "old fashioned" ECG and the array of ECG-based techniques, 

ranging from Holter monitoring and loop recorders to exercise testing, are as 

contemporary as ever.77 The ECG in the diagnosis and management of patients with HCM 

is altered in > 90% of cases. In presence of HCM diagnosis a normal ECG is indicative 

of good prognosis.78 

TTE: It is the first-line imaging test to confirm the diagnosis of HCM. Diagnosis of 

HCM: wall thickness > 15 mm at the end of diastole in at least one LV myocardial 

segment or ≥13 mm in patients with a first-degree relative with confirmed HCM, and a 

septal to lateral wall thickness ratio ≥1.3 in a non-dilated LV, and in the absence of other 

conditions that may explain such abnormality.79 . Different studies done on athletes to 

assess the morphological changes of the LV show that the thickness of the IVS rarely 

exceeds 12 mm in men and 11 mm in women; also, when present, LVH is typically 

symmetric. African-American athletes have a higher prevalence of LVH. Only 2% of 

healthy Caucasian athletes show an IVS between 13 and 16 mm, and none above 16 mm; 

in healthy black athletes though, LV hypertrophy (IVS ≥ 13 mm) is detected in 18% of 

males and (IVS > 11 mm) in 3% of females. Although a minority, athletes in the “gray 

zone” of LVH with an IVS between 13 and 15 mm constitute a diagnostic challenge for 

differentiating an adaptive LVH from an initial expression of HCM. Some TTE 

parameters should be assessed to help in differential diagnosis. TTE: the most available 

method to assess morphological and functional changes of HCM.  

Limitations: patients with poor acoustic window, poor visualization of basal anterolateral 

wall of LV, apex and RV.80  



Ambulatory ECG Holter monitoring: It should be performed for 24 to 48 hours in all 

patients diagnosed with HCM for risk assessment of atrial and ventricular arrhythmias 

and SCD. 

Kawasaki et al, aimed to examine Holter findings in relation to the long-term prognosis 

in patients with HCM.81 Ambulatory Holter monitoring were performed in 106 HCM 

patients with sinus rhythm. All were prospectively followed for the composite endpoint 

of SCD, cardiovascular death, and hospitalization for CHF stroke associated with 

AF. Cardiovascular events occurred in 19 patients during a mean follow-up of 10.1 years. 

Neither arrhythmia information nor autonomic information as assessed by HR variability 

and turbulence significantly differed between HCM patients with and without 

cardiovascular events. Average heart rates were lower in HCM patients with 

cardiovascular events than in those without. Multivariate Cox proportional hazards 

regression analysis after adjustment for baseline characteristics showed that lower 

average HR remained an independent predictor of cardiovascular events. 

Exercise stress testing: Its provides useful information regarding functional capacity, 

efficacy of treatment, blood pressure response to exercise and inducible ischemia). On 

the other hand, the utility of exercise stress testing in the evaluation of the arrhythmic risk 

in HCM patients appears to be limited to the identification of low-risk patients. Exercise 

stress testing in controlled environment seems to be safe in properly selected patients with 

HCM, and benefits of the diagnostic and prognostic information obtained outweigh the 

small risks,.82  

Exercise echocardiography: This resource can be helpful to study induction of 

arrhythmias, abnormal blood pressure response to exercise, and induced LVOT gradient 

in patients with HCM and may aid in differential diagnosis, although the non-existence 

of these features does not exclude the diagnosis of MCH. Maximal oxygen uptake would 



not help in the differential diagnosis.83 The exercise echocardiogram evidences latent 

obstruction easily induced by exercise in 60 to 75% of NO-HCM. The determination of 

the gradient under this condition must be considered in routine investigation of patients 

with mild or no obstruction at rest. The evaluation of HCM incorporates methods based 

on the ultrasound image, which, along with CMRI, allow recognizing ventricular 

obstruction generating mechanisms, thus facilitating the diagnosis and management of 

NO-HCM and latent obstructive forms. 

Exercise TTE: A significant number of patients without resting LVOTO develop 

mechanical obstruction with exercise due to mitral-septal contact). Hypotensive blood 

pressure response to exercise can be an arbitrator in risk stratification decisions. Exercise 

testing with a variety of methods has become an integral and powerful component of the 

noninvasive evaluation of HCM, and in some patients can determine treatment strategy.84 

LGE-CMRI: A reliable, accurate, quantitative analysis of LV wall thickness is 

fundamental, since a measurement >30 mm increases the risk of SCD.85 Therefore, this 

may be a crucial information for the implant of ICD to prevent SCD in some patients. 

Measurements of LV wall thickness should be performed in the short-axis, at the end of 

diastole.59 LV mass, quantified by CMRI (indexed for body surface area), >2 standard 

deviations above the normal range is a sensitive predictor of favorable clinical outcomes 

in HCM. The normal range for LV mass index is 62.5 ± 9.0 g/m2 for men and 54.6 ± 12.0 

g/m2 for women.59 However, the measurement of LV mass lacks specificity as an 

indicator of clinical outcomes, probably because in many HCM patients, hypertrophy is 

limited to a small number of segments of the LV.85 CMRI is more accurate than TTE in 

diagnosing ventricular hypertrophy, its magnitude and distribution.86 Consequently, the 

method is decisive for stratifying the risk of HCM. In addition, CMRI provides a better 

evaluation of hypertrophy distribution, mainly when it is localized in the anterolateral 



region, and in posterior and apical septum of LV,80 and a more reliable quantification of 

the myocardial mass in case of asymmetric HCM.59 Myocardial fibrosis can be detected 

by LGE-CMRI. This method is based on the property of gadolinium to distribute in the 

extracellular space between normal and fibrotic tissue, leaving the latter tissue in a slower 

rate.87 There is no standard of reference for LGE in HCM, although its presence in the 

IVS, particularly in the mid- and basal anteroseptal segment, is suggestive of HCM.59 

LGE can also occur in LV free wall and hypertrophied segments of the ventricles. These 

data indicate that analysis of the segments by delayed enhancement CMRI is an important 

parameter for differential diagnosis of HCM.88 LGE is found in 65% of patients and the 

distribution of fibrosis typically follows a multifocal, heterogeneous and mid-wall 

pattern. LGE is not commonly found in non-HCM, except in advanced stages, and can be 

associated with increased myocardial stiffness and reverse remodeling of the LV. An 

inverse relationship between LGE and LV function was verified.17 The presence of LGE 

predicts a worse prognosis for HCM patients due to higher risk of SCD, systolic 

dysfunction and NSVT.89 Areas of LGE may represent the substrate for MACE. LGE-

CMRI is a supporting tool in the decision-making process for primary prevention ICDs 

in patients in whom high-risk for SCD remains uncertain after assessment of conventional 

risk factors.90 

Contraindications for CMRI: previous ICD implant, implanted pacemaker,  (Currently, 

the test can be performed in some pacemakers and patients.91 ) brain clips, cochlear 

implants, and metallic fragments in the eyes.87  

Limitations for CRMI: nephrogenic systemic fibrosis (which causes systemic tissue 

fibrosis and is associated with the use of gadolinium in patients with stage 4 and 5 chronic 

renal failure) and patients with hepatorenal syndrome.92 



CCT: Its provides a precise delineation of the myocardium and measurement of cardiac 

wall thickness, ventricular volumes, and LVEF, which are well correlated with the CMRI 

findings. Additionally, CCT allows the assessment of coronary trees and cardiac valves. 

CCT should be considered in patients with poor acoustic window for TTE or 

contraindications for CMRI (class IIa).80 CCT has a wide range of clinical applications 

due to anatomic and functional properties. However, they are indicated only in case of 

diagnostic doubt, poor acoustic window to perform TTE or contraindications to perform 

CMRI. Therefore, CCT is rarely used as the first method of choice for patients with 

HCM.93 Both CMRI and CCT are important tools for the assessment of HCM patients.88 

Bone scintigraphy in the event of suspected amyloidosis: There are two main subtypes 

of cardiac amyloidosis: transthyretin-related cardiac amyloidosis (ATTR) and cardiac 

light-chain (AL) amyloidosis.94 Differentiating the two is important for both prognosis 

and management, and this was only possible through invasive biopsy procedures. 

Additionally, bone scintigraphy is able to reliably distinguish between the two.95 

Genetic analysis and/or counselling should be systematically considered.  

 

HCM is defined as abnormal thickening of the LV myocardium without dilatation and in 

the absence of any other systemic disease leading to afterload augmentation, such as 

aortic stenosis or hypertension (unexplained LVH). Hypertrophy is typically asymmetric 

and sometimes exuberant.96 HCM has with a maximum wall thickness ≥15 mm in adults 

or a z-score >3 in children.80, 90 If there is a family history of HCM, or if genetic testing 

confirms that a relative has inherited the family's pathogenic sarcomere variant, a 

maximum LV wall thickness ≥13 mm supports diagnosis. Such LVH occurs in a non-

dilated ventricle in the absence of other cardiac or systemic disease capable of producing 

the observed magnitude of increased LV wall thickness, such as hypertension or 



storage/infiltrative disorders. The diagnosis of HCM is most often established with TTE 

and/or CMRI. 

 

Clinical history 

Often, patients with HCM remain asymptomatic or mildly symptomatic, and present to 

medical attention after identification of a suggestive family history, detection of a murmur 

on physical examination, or an abnormal ECG. The most common presenting symptom 

is dyspnea (90% of cases). Dyspnea is a consequence of elevated LV diastolic filling 

pressures (and transmission of those elevated pressures back into the pulmonary 

circulation). The elevated LV filling pressures principally are caused by impaired 

diastolic compliance as a result of marked LVH. chest discomfort presyncope, syncope. 

Syncope is a very common symptom, resulting from inadequate cardiac output upon 

exertion or from cardiac arrhythmia. It occurs more commonly in children and young 

adults with small LV chamber size and evidence of VT upon ambulatory monitoring, 

palpitations, angina, orthopnea, paroxysmal nocturnal dyspnea, dizziness, CHF, and 

SCD. Important historical clues include progressive exertional intolerance and 

lightheadedness or syncope during or immediately following exertion or when 

dehydrated.  It has the highest incidence in preadolescent and adolescent children and is 

particularly related to extreme exertion. The risk of SCD in children is as high as 6% per 

year in >80% of cases, the arrhythmia that causes SCD is VF. Many of these cases 

degenerate into VF from fast atrial arrhythmias, such as AG, supraventricular tachycardia, 

or WPW syndrome, while others result from VT and low cardiac output hemodynamic 

collapse. A multigenerational family history should be elicited at initial evaluation 

focusing on relatives with any cardiac diagnoses, "thick" hearts, "heart attack" or stroke 

early in life, abnormal heart rhythms, permanent pacemakers or ICDs, CHF, or heart 



transplantation. Reported history of SCD should trigger focused questions regarding 

relatives with premature or unexpected death, death associated with exertion, and 

availability of autopsy or postmortem genetic testing.  

 

Physical examination 

The presence of a harsh crescendo–decrescendo systolic murmur at the lower left sternal 

border, a mid–late systolic apical murmur or holosystolic apical murmur, and/or 

paradoxically split S2 should alert clinicians to the possibility of HCM fatigue, Findings 

are characterized by, laterally displaced apical impulse, and double carotid pulse. A 

double apical impulse due to forceful LA contraction against a highly noncompliant LV, 

normal S1 and split S2, S3 due to CHF, prominent "a wave" of jugular venous pressure. 

A systolic ejection murmur is present as follows: diminished intensity with increase 

preload (squatting) or afterload (handgrip) and increased intensity with a decrease in 

preload (Valsalva maneuver, Orthostatic position and post premature ventricular 

contraction increase Gradient and cardiac murmur), and with any decrease in afterload 

(vasodilator administration, squatting position and hangrip maneuver decrease the 

gradient and cardiac murmur). 

 

ECG phenotypes in HCM 

The most common abnormalities are LVH, ST-segment alterations, TWI, deep narrow Q 

waves in lateral leads or inferolateral leads and the peculiar diminution of R waves in the 

lateral precordial leads seen in this patient. 

Presence of deep S waves in V1 and V2 and large R waves in V5 and V6 strain 

repolarization changes are common findings. Another ECGs frequently registered are 

pathological Q waves in the inferior and lateral leads with ≥40 ms duration and ≥3 mm 



depth suggest LV asymmetric septal hypertrophy, P-wave abnormalities related to LAE 

(duration >120 ms, notch P-wave mitrale, Morris index). 

WPWS is observed in a glycogen-storage disease produced by LAMP2 or PRKAG2 

mutations or FD. 

Sinus Node Dysfunction/ SSS: The characterization consists in periods of inappropriate 

and often severe sinus bradycardia. Sinus pauses, sinus arrests and sinus exits blocks that 

can happen with and without appropriate escape rhythm, alternating tachycardia and 

bradycardia, referred to as a tachy-brady syndrome, which could also be associated with 

supraventricular tachycardia. Meaning: Abnormal automaticity, conduction, or both of 

the SAN and surrounding tissues. Patients with HCM may have SSS together or SSS may 

develop in later years. Antiarrhythmic drug therapy should be given carefully and 24-

hour ambulatory electrocardiogram monitoring should be done in certain periods.97 

Abnormal His-Purkinje conduction: These are observed in 15-30% of HCM patients.98 

Meaning: Abnormal His-Purkinje system conduction may result in CHB.99 

P-wave. Characterization possibilities: Normal, LAE, RAE or BAE patterns.   

LAE: is characterized by broad, bifid P wave in lead II “P mitrale”, In lead II bifid P 

wave with inter peaks of P wave >40 ms, P wave duration >110 ms in adults, ≥120 ms in 

seniors, and 90 ms in children and biphasic P wave with terminal negative portion >40 

ms duration and >1mm deep: Morris index: S= 69%; SP=93%100 (P terminal force in V1 

mm/s) (0.04 mm/s). SÂP beyond +30°.101 In V1 LAE pattern reflects diastolic 

dysfunction, high filling pressures, LVOTO, functional mitral regurgitation and 

progression toward the end-stage phase. Impaired relaxation in HCM results in a reduced 

rate and volume of filling during the rapid filling period of diastole, with a resultant 

compensatory increase in atrial systolic filling, which results in a loud and often palpable 

fourth heart sound. In this hemodynamic situation is frequent registered left atrial 



enlargement (LAE) (“P mitrale”) consequence of the left ventricular diastolic dysfunction 

that may lead to compensatory LAE. In LAE, the Chronic LAE can produce AF 

eventually in its evolution, which results in severe hemodynamic deterioration, systemic 

embolism,  because of the importance of atrial systole in the presence of the impaired 

relaxation.102  The presence of LAE is a marker of poor prognosis,103 augmentation of LV 

end diastolic pressure and diminution of LV compliance.104 

RAE:  It is characterized by peaked P wave (“P pulmonale”) with amplitude >2.5 mm in 

the inferior leads (II, III and aVF), Sensitivity (S)= 7%, Specificity (SP)=100 %), positive 

part of P wave in V1-V2 >1.5mm (S= 7%; SP=100 %), and combined criteria: positive 

part of P wave in V2 >1.5mm + SÂQRS>+90° + R/S>1 in V1: S=49% SP=100%. 

RAE is present in 14% t of patients with HCM, and reflects increased pulmonary 

pressures because of severe diastolic and/or systolic LV dysfunction. Patients have a 

higher prevalence of sarcomeric gene mutations, troponin T mutations and complex 

genotypes. RAE is a marker of disease progression and adverse outcome in sarcomeric 

HCM.105 RAE as an independent predictor of MACE.   Finally, RAE is observed in the 

so-called Bernheim's syndrome characterized by RVH cardiomyopathy leading to RVOT 

dynamic obstruction by right eccentric hypertrophy of the right side of ventricular 

septum.106 

BAE:  lead II (amplitude ≥2.5 mm + duration ≥120 ms), lead V1 or a combination of 

leads. lead V1 or a combination of leads. Biphasic P waves with initial positive deflection 

≥1.5 mm tall + terminal negative deflection ≥1 mm deep + terminal negative deflection 

≥40 ms duration. The diagnosis of BAE requires criteria for LAE and RAE to be met 

BAE is diagnosed when criteria for both RAE and LAE are present on the same ECG. 

Poor prognosis when present in HCM. Patients with HCM and impaired LV relaxation 

develop progressive LAE and P wave modifications. This ECG feature is observed in 



approximately 20% of cases as a consequence of: Diastolic dysfunction is dangerous and 

is believed to be associated with CHF symptoms in patients who have what’s called 

preserved LVEF. High filling pressures: Filling pressures are considered elevated when 

the mean pulmonary capillary wedge pressure is >12 mmHg or when the LVEDP is >16 

mmHg. HCM is a primary myocardial disease, characterized by LVH, normal or 

supernormal systolic function and impaired diastolic function, including chamber 

stiffness and impaired relaxation.2, 107 LVOTO is a recognized feature of HCM. It is 

caused by the thickened heart muscle and the abnormal movement of the mitral valve. 

This is the main mechanism of debilitating symptoms in HCM patients. About two-thirds 

of patients have obstructive form. In most patients, LVOTO occurs via systolic anterior 

motion (SAM) of the mitral valve in which the elongated leaflets contact the septum in 

mid-systole due to the high-velocity flow of blood directly on the leaflets. The narrower 

diameter of the LVOT due to increased septal wall thickness contributes to this 

obstruction. This leads to increased intraventricular pressures that over time can lead to 

LV dysfunction. Symptoms may include chest pain, dyspnea, exertional fatigue, 

dizziness, palpitation, and other symptoms of heart failure. Patients may experience near-

syncope or syncope due to outflow obstruction or arrhythmia. A systolic ejection murmur 

may be heard at the lower left sternal border and apex that varies with the subaortic 

gradient. Functional mitral regurgitation: The systolic anterior motion of the mitral 

valve contributes to the development of mitral regurgitation and further narrows the 

LVOT, leading to more severe symptomatology. Cardiac magnetic resonance imaging 

accurately measures the left ventricular mass, the degree of diastolic function and it may 

also be used to distinguish phenotypic variants. 



BAE is observed in the dilated phase with RV heart failure.108 Asymmetric septal 

hypertrophy is a common cause of LVOTO. In these cases, mitral valve regurgitation is 

present in 30% of those patients as well as BAE.109 

PR interval: possibilities are normal PR interval, prolonged/first-degree AVB, or short 

PR interval. First-degree AVB is observed in ≈ 20% of the cohort demonstrated PR 

prolongation ≥200 ms, which associated in multivariable analyses with HCM‐related 

death as well as a secondary end point of SCD or potentially lethal arrhythmic events. 

Higuchi et al demonstrates an association between first‐degree AVB and cardiac 

outcomes among patients with HCM, even after moderate risk adjustment for common 

risk factors.110, 111  Short PR interval (<120 ms) is considered an early detectable marker 

of myocardial storage diseases mainly FD. mild cardiac phenotype with symmetric 

distribution of LVH is suggestive of FD.112-114 A definite diagnosis of FD was defined as 

follows: a GLA mutation with ≤5% GLA activity (leucocytes, mean of reference value, 

males only) with ≥ 1 characteristic FD symptom or sign: Periodic crisis of neuropathic 

pain in extremities, cornea verticillata, corneal whirling, angiokeratomas, hypohidrosis, 

proteinuria & progressive deterioration of renal function, heat/cold, exercise intolerance, 

GI distress, and early ischemic stroke. 

 

Characteristics Favoring HCM and Athlete’s Heart 

In favor of HCM: asymmetrical hypertrophy, diastolic dysfunction, LGE-CRMI. 

In favor of athlete’s heart: homogeneous hypertrophy with maximal thickness of 15mm, 

ellipsoid LV shape, regression with deconditioning. 

Most common 12-lead ECG abnormalities reported in athletes: early repolarization 22–

100%, increased QRS voltages (suggestive of LVH) 14–85%, prolonged PR interval 10–



35%, TWI 3–30%, prolonged QTc <10%, LAE/RAE <7%, abnormal precordial R wave 

progression <5%, LBBB or RBBB <2%. 

Proposed algorithm management for athletes identified with a genetic mutation for HCM 

in the context of a family screening. 

Prolonged QRS duration:  RBBB after ASA (37-70% of patients), LBBB after septal 

myectomy (50-100% of patients), and fQRS complex is a myocardial conduction 

abnormality that indicates myocardial scar. It is defined as additional spikes, R' wave, 

notching of R or S wave within the QRS complex in two contiguous leads corresponding 

to a coronary territory in a ECG (0.5 150 Hz).115 Though initially fQRS was defined in 

the setting of normal QRS duration (<120 ms), later it has been expanded to include 

conditions with wide QRS complexes, ventricular ectopy and paced rhythm, when more 

than 2 notches are present. It is an important, yet often overlooked marker of mortality 

and arrhythmic events in many cardiac diseases. Several demonstrated the role of fQRS 

in predicting ventricular arrhythmias in the setting of HCM. In a prospective study of 167 

HCM patients, ventricular arrhythmias and SCD were considered as the major arrhythmic 

events. The study established that fQRS is significantly associated with MACE and. fQRS 

was identified to be an independent predictor of VA and major arrhythmic events in 

HCM.22 

Ogura et al.  investigated associations between baseline fQRS and MACE, as well as 

the new appearance of fQRS and MACE in HCM patients. The results showed that 

baseline fQRS was associated with the occurrence of MACEs and all-cause death, but not 

with CHF-related hospitalization. Additionally, baseline ECG fQRS is associated well 

with LGE-CMRI findings. In patients without fQRS, the new appearance of fQRS during 

the follow-up was associated with MACE and CHF-related hospitalization.116 

Rattanawong et al in a systematic review and   meta-analysis showed that baseline fQRS 



significantly increased the risk of MACE in HCM patients.117 An observational study 

showed that a myocardial scar visualized by LGE-CMRI predicted MACE in HCM 

patients.118 fQRS is expected to be a useful predictor of MACEs because fQRS can be 

obtained from a standard normal resting ECG; however, problems remain for patients 

without baseline fQRS. In some HCM patients without baseline fQRS, Ogura et al saw 

the new appearance of fQRS during follow-up. An association between the new 

appearance of fQRS and MACEs has been reported in adult congenital heart disease. To 

use fQRS as a risk predictor for HCM patients, the association between the new 

appearance of fQRS and MACEs must be clarified. 

ST-segment depression:  STSD in the I and aVL leads could be of prognostic 

significance in HCM patients.119 

Pseudo–ST-SE myocardial infarction: the ECG finding of convex ST-segment 

elevation and abnormal Q waves could be valuable for detection of disease progression 

in patients with HCM.120  

TWI: Anterior TWI could be a variant in athletes of African/Afro Caribbean origin and 

some endurance athletes; however, the presence of this specific repolarization anomaly 

also raises the possibility of HCM or ARVC. The combination of J-point elevation and 

TWI The association of J-point elevation and TWI on right precordial lead V1-V4 offers 

the potential for an accurate differentiation between 'physiologic' and 'cardiomyopathic' 

anterior TWI, among athletes of both white/Caucasian or black/Afro Caribbean descent. 

Conversely, ST-SE without J-point elevation preceding anterior TWI may reflect 

cardiomyopathy. Conversely, ST-segment elevation without J-point elevation preceding 

anterior TWI may reflect cardiomyopathy.121 

Figures 23 and 24 show ECG tracings of healthy athlete with anterior TWI from V1–V4 

in a 21-year-old Caucasian athlete. 



 

 

Figure 23. TWI from V1–V4. Note the TWI in V3–V4 are preceded by J-point elevation 

and STSE. 

Figure 24. ECG diagnosis: Anterior TWI extending to inferolateral leads in a 19-year-old 

black athlete. Negative T-waves in V2–V4 are preceded by J-point elevation and STSE. 

 

Table 4 shows the main features for differential diagnosis between HCM and black 

athlete’s heart122 

 HCM Athlete’s Heart 

Symptoms ± No 

Family history Yes No 



Voltage criteria for 

LVH example Sokolow-

Lyon 

When positive Without 

significance 

When in isolation positive 

without significance 

Pathological Q waves Q/R ratio ≥ 0.25 or ≥ 40 ms 

in duration in ≥ 2 

contiguous leads excluding 

III and aVR and ST 

depression ≥ 0.5 mm in 

depth ≥ 2 contiguous leads 

are seen 20% of HCM.123 

Absent 

Pathologic ECG >90% of cases 20-30% 

ECG repolarization  

modifications  

ST-SE without J-point 

elevation preceding anterior 

TWI may reflect 

cardiomyopathy. TWI (≥1 

mm in depth in ≥2 

contiguous leads; excludes 

leads aVR, III, and V1 

2% in Caucasian and 10% 

in Black. ST-SE followed 

by TWI from V1 to V4 is 

considered normal in 

African-American.121 

TTE Maximum thickness >16 

mm and asymmetric 

LVED <45mm 

Abnormal diastolic function 

with Ele´`>14 and e´ septal 

<11 

Harmonic enlargement of 

the four chambers 

Maximum thickness < 

16mm and symmetric 

LVEDD>55 mm 

Normal diastolic function 

with Ele´`<14 



Myocardial dispersion at 

rest and decreased GLS in 

exercise 

Improvement of EF and 

GLS in exercise 

CMRI LGE 

LV thickness/LV diastolic 

volume ≥0.15 

Maximum diastolic 

thickness/minimum 

diastolic thickness ≥1.3 

Absence of LGE. Normal o 

decreased T1 mapping and 

ECV, LV thickness/LV 

diastolic volume <0.15, 

Maximum diastolic 

thickness/minimum 

diastolic thickness <1.3, 

Improvement of rest LVEF 

>11% stress CRM. 

 

Table 4.  

 

QTc prolongation: Predict appropriate ICD therapies in patients with HCM.124 QTc 

prolongation is an independent predictor of arrhythmia recurrence in HCM patients 

undergoing AF ablation, and might identifying those HCM patients likely to have a better 

outcome after the procedure.125 In HCM patients undergoing AF ablation, QTc >448 ms, 

and presence of fQRS are independent risk factors for arrhythmia recurrence at follow-

up. The combination of these two parameters has greater predictive value and would help 

to identify patients who are at the highest risk of procedural failure.126 

Supraventricular arrhythmias: AF is the most common arrhythmia observed in HCM. 

AF is present in 5 % of HCM patients at the time of diagnosis.  AF  >8 times higher risk 

of ischemic stroke. Causes: significant septal hypertrophy, significant mitral valve 



regurgitation, SAM, and LVOT obstruction. AF is the most common supraventricular 

arrhythmia observed in HCM and is frequently associated with acute and/or long-term 

clinical deterioration, embolic complications, and increased cardiovascular mortality due 

to heart failure and stroke.127 Factors that predispose to AF: significant septal 

hypertrophy, significant mitral valve regurgitation, systolic anterior motion (SAM), and 

LVOT obstruction. HCM is related to ischemic stroke and AF is under-recognized and 

consequently, many patients who should be on oral anticoagulation for stroke prevention 

go untreated. The consequences of AF on the long-term prognosis of HCM patients are 

not uniformly unfavorable; however, and in ≈30% of patients the arrhythmia is 

compatible with an uneventful course. AF is a common sustained arrhythmia in HCM 

patients and is primarily related to LAE and remodeling. There are several clinical, ECG, 

and TTECG features that have been associated with development of AF in HCM patients; 

strongest predictors are left atrial size, age, and heart failure class. AF can lead to 

progressive functional decline, worsening heart failure and increased risk for systemic 

thromboembolism. The management of AF in HCM patient focuses on symptom 

alleviation (managed with rate and/or rhythm control methods) and prevention of 

complications such as thromboembolism (prevented with anticoagulation). Finally, 

evidence suggests that early rhythm control strategy may result in more favorable short- 

and long-term outcomes.128 Twenty-seven patients diagnosed with HCM and having a 

history of documented AF attack were compared with 53 age- and gender-matched 

patients who had no such history. LA diameter was significantly greater and gradient in 

the LVOT was lower in patients with AF than those without AF. Maximum P-wave 

duration (Pmax), P wave dispersion (PWD) and P-Terminal Force (PTF-V1) (normal 

PTF-V1 does not exceed 0.04 s in width and 1 mm in depth, i.e., 0.04 mm/s) values were 

significantly higher in patients with AF. A Pmax>134.5 ms separated the patients with 



AF from controls with a sensitivity of 92%, specificity of 89% and a positive predictive 

value of 80%. A PWD value > 52.5 ms separated patients from controls with a sensitivity 

of 96%, a specificity of 91% and a positive predictive accuracy of 84%. An LA diameter 

>4.2 cm separated patients from controls with a sensitivity of 96% and a specificity of 

81%. The authors concluded that LA diameter and PWD values are the most significant 

predictors for AF occurrence in patients with HCM, and simply measuring Pmax and 

PWD values, could easily identify the patients with high risk, and prescribe the necessary 

treatment and follow-up protocols for such patients 129. Sinus rhythm is present in most 

cases. Possible acute AF is observed in ≈10% of cases as a consequence of LV 

impairment of relaxation, compliance diminution or diastolic stiffness of the LV and 

augmentation of end diastolic LV pressure and consequently augmentation of medium 

intra LA pressure, leading to LAE. In a large cohort of patients with HCM, a marked 

increase in LA dimension was a novel and independent marker of prognosis in HCM, 

particularly relevant to the identification of patients at risk of death related to heart 

failure.130 

Ventricular arrhythmias: NSVT is defined as an episode of ventricular tachycardia that 

involves a heart rate of >100 bpm, lasts for at least three heartbeats and persists ≤30 sec. 

Most often, this either does not cause any symptoms at all or it causes palpitations. 

Occasionally, can produce lightheadedness, dizziness, or, more rarely, syncope.131 

NSVT  should be considered in the primary prevention of SCD. McKenna et al. found 

that NSVT was significantly associated with an increased risk of SCD during a mean 

follow-up period of 2.6 years.132 In a large HCM cohort with no or only mild symptoms, 

myocardial fibrosis detected by CMRI was associated with greater likelihood and 

increased frequency of ventricular tachyarrhythmia’s (including NSVT) on ambulatory 



Holter ECG. Therefore, contrast-enhanced CMRI identifies HCM patients with increased 

susceptibility to ventricular tachyarrhythmias.133 

Exercise-induced arrhythmias and blunted blood pressure response predict the risk of 

SCD, especially in ≤40 years HCM patients. 

PR or PQ interval duration: In HCM it is possible to observe normal, short and 

prolonged PR interval, AV blocks of different degrees and even total AV block. Signs of 

WPW (short PR, delta wave) - ECG features of WPW were seen in 33% of patients with 

HCM in one study, and at least one genetic mutation has been identified that is associated 

with both conditions. Data concerning the familial occurrence of ventricular 

preexcitation, i.e. WPW syndrome, indicate autosomal dominant inheritance with a gene 

mutation on chromosome 7q3 has been described in familial HCM coexisting with WPW 

syndrome.134 

Bobkowski et al135 presented a case of a 7-year-old boy with HCM and coexisting 

WPW syndrome. On his chromosome 14, molecular diagnostics revealed a C 9123 

mutation (arginine changed into cysteine in position 453) in exon 14 in a copy of the gene 

for β-myosin heavy chain (MYH7). It was the first known case of mutation of the MYH7 

gene in a child with both HCM and WPW. Since no linkage between MYH7 mutation 

and HCM with WPW syndrome has been reported to date, we cannot conclude whether 

the observed mutation is a common cause for both diseases, or this patient presents an 

incidental co-occurrence of HCM (caused by MYH7 mutation) and WPW syndrome.   

Association of HCM and WPW has been reported, but whether the prognosis or 

severity of arrhythmia is different compared to the individual disorders remains unsettled. 

Talle et al reported a case of HCM with WPW syndrome in a 28-year-old male Nigerian 

soldier presenting with recurrent syncope and lichen planus.136 Concurrence of HCM and 

WPW in a consecutive series of patients presenting with preexcitation, 7.62% were found 



to have HCM.137 Of the many phenocopies of HCM, cardiac hypertrophy and 

preexcitation are typically caused by a mutation of the γ  2 subunit of the adenosine 

monophosphate-activated protein kinase (PRKAG2) Gollob et al identified a novel 

mutation (Arg531Gly) in the gamma-2 regulatory subunit (PRKAG2) of AMP-activated 

protein kinase (AMPK) to be responsible for a syndrome associated with ventricular 

preexcitation and early onset of AF and conduction disease.138 These observations 

confirm an important functional role of AMPK in the regulation of ion channels specific 

to cardiac tissue. The identification of the cardiac ion channel(s) serving as substrate for 

AMPK not only would provide insight into the molecular basis of AF and heart block but 

also may suggest targets for the development of more specific therapy for these common 

rhythm disturbances. Although both HCM and WPW are independently associated with 

various forms of arrhythmias and SCD, whether their concurrence will result in more 

frequent and severe arrhythmias or fatalities remains conjectural, and to our knowledge, 

this has not been reported in SSA. We present a case of HCM with WPW in a young 

African soldier presenting with recurrent syncope. 

Figures 25 and 26 show ECGs belonging to a young man with HCM who was admitted 

with poorly tolerated VT. He had SCD waiting for an ICD.   

 



 

Figure 25. LAE: P duration 120 ms, bimodal shape and the P wave terminal forces in V1 

lead very augmented and deep (PTF-V1) indicating elevated filling pressure of the LV), 

LVH with strain pattern of repolarization, QRS axis deviated to left (-35º), deep narrow 

Q-waves in inferolateral leads and fQRS. 

 

 

Figure 26. The same patient during sustained monomorphic VT. 



 

PRKAG2 mutations are responsible for a diverse phenotype such as HCM, 

familial occurrence of right bundle branch block (RBBB), sinus bradycardia and the 

familial forms of the WPW syndrome. A short PR interval should raise suspicion of a 

mutant PRKAG2 gene.139 Additionally, the possibility of FD,140 a sex linked recessive 

entity, should be considered in patients with cardiomegaly of unknown cause and the 

following ECG abnormalities: PR interval ≤120 ms without δ wave, high voltage QRS 

complexes in the left precordial leads, prolonged QRS interval, giant negative T waves 

suggestive of Ap-HCM, supraventricular and ventricular arrhythmias, concentric LVH 

without subaortic obstruction. FD is a relatively prevalent cause of LVH mimicking 

HCM. In this entity the 12-lead ECG amplitude/duration product is the most successful 

at describing the severity of cardiac involvement.141 It is the product of Cornell: QRS 

voltage and QRS duration (QRS voltage-duration product); Cornell voltage-duration 

product (RaVL + SV3 with 6 mm added in women x QRS duration). Values ≥ 2440 

mm/ms are diagnostic of LVH (Positive criteria of LVH CP ≥ 2440 mm x ms). The 

Cornell product is a useful ECG marker, reflecting left ventricular mass.119 QRS duration 

is an independent ECG predictor of the presence of LVH, and the simple product of either 

Cornell voltage or 12-lead voltage and QRS duration significantly improves identification 

of LVH relative to other ECG criteria that use QRS duration and voltages in linear 

combinations.142 143 

Namdar et al144 demonstrated that a corrected QT interval duration <440 ms in 

combination with a PR interval minus P wave duration in lead II <40 ms was 100% 

sensitive and 99% specific for the diagnosis of FD, whereas a corrected dQT duration 

>440 ms and a Sokolow-Lyon index ≤1.5 mV were found to have a sensitivity and 



specificity of 85% and 100%, respectively, for the diagnosis of amyloidosis and 

differentiation from NOHCM, aortic stenosis, and hypertensive heart disease.  

The incidence of FD in the US is 1 in 40000. It is an X-linked lysosomal storage 

disorder caused by mutations of the α-galactosidase A gene, and progressive intracellular 

accumulation of globotriaosylceramide. Homozygous men and heterozygous women can 

develop cardiac disease. Whereas men experience the most severe clinical phenotype, 

clinical presentation in women varies from asymptomatic to severely symptomatic and 

the genetic testing is the gold standard for the diagnosis.145 

QRS axis or SÂQRS: The QRS axis located between 0º and +90º is the rule in NOHCM 

forms. SÂQRS between 0º and –90º is observed in 30% of cases. LAFB and extreme left 

QRS axis deviation is eventually observed after ASA in association with complete RBBB 

pattern. Rarely, QRS axis is perpendicular to frontal plane in HCM. In this circumstance, 

isodiphasic QRS complexes are observed in this plane.146 

Prolonged QRS duration or width in HCM: Bongiovanni et al found in 241 patients 

with HCM that a QRS duration ≥120 ms in the ECG is directly related to cardiovascular 

mortality, and is a strong and independent predictor of prognosis in patients with HCM. 

Biventricular pacing can restore synchronous contraction and shorten QRS duration. 

Biventricular pacing reduced QRS duration compared to right ventricular pacing.147 

Abnormal non-infarction deep-narrow Q waves: Prominent deep-narrow Q 

waves(“dagger-like”) in the ECG are considered characteristic of HCM 148 and significant 

in early diagnosis.149 Q waves are registered in lateral (I, aVL, V5-6) ± inferior (II, III, 

aVF) leads. Abnormal Q waves may mimic myocardial infarction and at times reflect 

septal hypertrophy. Of the 200 consecutive patients with HCM who underwent CMRI, 

10 male and 8 female patients had deep Q waves. Deep Q waves were more prevalent in 

females with HCM than in their male counterparts (28.6% vs 5.8%, respectively; 



P<0.001). Of the 18 patients with deep Q waves, maximum wall thickness was localized 

at either the basal anterior wall or the mid-ventricular septum in 9 (90%) of the 10 male 

patients and 6 (75%) of the 8 female patients. In both sexes, the Q wave distribution 

pattern of I and aVL and of II and aVF indicated location of maximum hypertrophy at the 

mid-ventricular septum in 6 (75%) of the 8 patients with the former pattern, and at the 

basal anterior wall in 9 (90%) of the 10 patients with the latter pattern. Diagnostic deep 

Q waves were detected more frequently in female patients with HCM than in their male 

counterparts. In HCM with deep Q waves in limb leads, the morphologic and 

electrocardiographic analysis showed similar features in both sexes.150 Abnormal Q-

waves observed in the ECG are divided in infarction Q-waves and non-infarction Q-

waves. This last group is divided in transient abnormal Q waves and permanent non-

infarction Q-waves. Transient abnormal Q waves are defined as abnormal Q waves, 

which disappear within ten days. They are most often seen in patients with ischemic heart 

disease but are also seen in other conditions151 such as advanced hyperkalemia, septic 

shock, acute pancreatitis, localized metabolic and electrolyte disturbances and 

hypothermia. 

Possible mechanisms of permanent non infarction Q-waves are: Loss of viable 

myocardium, altered distribution of myocardial mass, altered sequence of depolarization, 

and altered position of the heart. 

QRS complexes: LVH with systolic or strain pattern is characteristic in patients with 

HCM. Additionally, the QRS/ST/T angle is wide, near 180º. We use the term LVH when 

the LV receives in the diastole, a blood volume greater than normal (diastolic or 

volumetric LVH) or when there is a greater difficulty in the systole to empty its content 

(systolic or strain pattern LVH) or both at the same time. The terms systolic and diastolic 

LVH are used as an old nomenclature in ECG-VCG. 



Any increase in LV mass above these values is considered normal: 134 g/m² of 

body surface for men and 109 g/cm² for women with or without cavity dilatation.  

In absolute terms the LV weight is from 120 to 240 g in men and 20% less in 

women: 100 to 200 g.  

The mass calculation is performed in echocardiography.  

Criteria based in increase of amplitude voltage of QRS: The most frequently used 

criteria for LVH in epidemiological trials is the Sokolow-Lyon index: S wave of V1 + R 

of V5 ≥ 35 mm or 3.5 mV in adults older than 30 years of age, >40 mm or 4.0 mV between 

20 and 30 years old (Sokolow-Rapaport), >60 mm between 16 and 20 years and >65 mm 

between 11 and 16 years.  Sensitivity: 25%. Specificity: 95%. Modified Sokolow-Lyon 

index uses a close lead (V2) and a distant one (V6). This is the reason why it has the same 

value as the Sokolow-Lyon index, which uses a distant lead (V1) and a close one (V5). 

Infarction Q-waves are characterized by Q duration ≥40 ms (in VCG ≥30 ms) and 

with ST-T abnormalities which are stronger events predictors and total mortality than 

isolated Q-wave abnormalities.152 

Permanent non-infarction Q-waves are characterized by Q-wave duration ≤35 ms 

(those of infarction ≤40 ms), “clean” and deep Q-wave aspect (those of true infarction 

present notches and are usually accompanied of injury current and ischemia). 

Additionally, they may be observed in children and young people (those of infarction are 

found in adults and elderly people), are frequently asymptomatic and serum enzymes and 

troponin are normal (those of infarction in the acute phase, with increased CKMB, TGO, 

DHL and Troponin).  

In ≈10% of HCM cases, very wide R waves in V1 and aVR associated to deep and 

“clean” Q waves in V5 and V6 and/or in inferior leads are observed as a consequence of 

augmented first left septal vector.  



Prominent R waves in intermediate precordial leads are observed in ≈80% of cases 

of Ap-HCM. 

fQRS: Myocardial scar causes heterogeneous ventricular activation, is a substrate for 

reentrant ventricular arrhythmias and is associated with poor prognosis. fQRS on 12-lead 

ECG represents myocardial conduction delays due to myocardial scar in patients with 

coronary artery disease. The presence of a fQRS complex on a routine 12-lead ECG is 

another marker of depolarization abnormality together with signal-averaged ECG. fQRS 

is not specific for CAD and is also encountered in other myocardial diseases such as 

cardiomyopathy and congenital heart disease. fQRS is associated with increased mortality 

and arrhythmic events in patients with CAD. fQRS has also been defined as a marker of 

ARCD/C and Brugada syndrome. In Brugada syndrome, the presence of fQRS predicts 

episodes of VF during follow-up. 

fQRS included various RSR’ patterns (QRS duration <120 ms), such as ≥1R’153 

or notching of the R wave or S wave present in at least two contiguous leads of those 

representing anterior (V1-V5), lateral (I, aVL, V6), or inferior (II, III, aVF) myocardial 

segments.154 

The significance of fQRS has not been defined in the presence of a wide QRS 

(wQRS; duration ≥120 ms). 

Fragmented wQRS (f-wQRS) is due to bundle branch block, premature 

ventricular contractions (PVCs), or paced rhythms (f-pQRS). f-wQRS on a standard 12-

lead ECG is a moderately sensitive and highly specific sign for myocardial scar in patients 

with known or suspected CAD. f-wQRS is also an independent predictor of mortality. 

Myocardial fibrosis in patients with nonischemic cardiomyopathy can be 

identified as LGE-CMRI studies. fQRS complexes on ECG are associated with 

intraventricular systolic dyssynchrony and subendocardial fibrosis in nonischemic 



cardiomyopathy patients with a narrow QRS interval and sinus rhythm.140 The usefulness 

of fQRS varies with the incidence of ventricular disease in the population studied. This 

ECG sign is commonly associated with ventricular abnormalities with and without 

demonstrable myocardial scar, but also occurs in the absence of clinical heart disease.141 

Repolarization abnormalities: They are the most common abnormalities, occurring in 

more than 80% of cases.  

ST-segment abnormalities: In a retrospective study of 173 consecutive patients with a 

diagnosis of HCM multivariate analysis demonstrated that ST-segment depression in the 

lateral leads and syncope were the predictors of SCD or appropriate ICD therapy in 

patients with HCM. Consequently, in addition to generally accepted risk factors, ST-

segment depression in the lateral leads could be of prognostic significance in HCM 

patients.143    

T-waves abnormalities: TWI in the ECG is usually dismissed in young people as normal 

persistence of the juvenile pattern. The prevalence of T-wave inversion decreases 

significantly after puberty; however, is a common ECG feature of HCM and ARVD/C, 

which are the main causes of SCD in athletes. TTE in athletes with post-pubertal 

persistence of TWI at pre-participation screening is warranted because it may lead to pre-

symptomatic diagnosis of an abnormality of cardiomyopathies at risk of SCD.155 

Since the phenotypic expression of HCM is variable, and not uncommonly 

includes patients with mild and localized LVH, the differential diagnosis with 

physiological remodeling of athlete's heart arises not uncommonly.156 

Athletic training in male Afro-descendants is associated with marked ECG 

repolarization changes that overlap with HCM. Differentiating between both is prudent 

since Afro-descendants exhibit a higher prevalence of exercise-related SCD from HCM 

compared with Caucasians. TWIs in anteroseptal wall appear to represent an ethnic 



variant of ‘athlete’s heart’. Conversely, TWIs in the apical/ lateral leads may represent 

the initial expression of underlying HCM.157  

An ECG finding of giant negative T waves in the precordial leads is characteristic 

of Ap-HCM.158 This specific variant is a NOHCM located in the cardiac apex that has 

been first described in Japan where the prevalence is much higher than in the western 

world. 

Corrected QT interval (QTc): QT interval duration and its dispersion can be clinical 

markers of electrophysiological instability and ventricular arrhythmias. QT interval 

prolongation in surface ECG shows significant association with mechanical 

dyssynchrony and LV dysfunction in HCM.159 

Corrected QT dispersion: QT dispersion is defined as the difference between the 

maximum and minimum QT values, and corrected QT dispersion is calculated according 

to the Bazett formula. For patients with HCM, measurement of baseline corrected QT 

dispersion from surface ECG may be used to identify those at risk for clinical 

deterioration in long-term follow-up. QT dispersion and corrected QT dispersion were 

significantly different between patients with and without clinical endpoints defined as 

cardiac death and hospitalization due to worsening in heart failure. Corrected QT 

dispersion >80 ms detected patients with clinical endpoints with sensitivity and 

specificity of 79% and 75%, respectively. Patients with corrected QT dispersion <80 ms 

were significantly free of clinical endpoints.160 

ECG after ASA: Complete RBBB pattern: after ASA in the first septal perforating ramus 

of the left descending artery is very frequent. Septal fibrosis following ASA caused a 

predominance of complete RBBB; on the other hand, LBBB is very frequently produced 

by myectomy (>90% of cases). A possible requirement of a permanent pacemaker should 

always be considered before intervention when patients have preexisting RBBB or 



LBBB. Additionally, ASA cause frequently new Q waves, new RBBB, transient anterior 

STSE, and several degrees of AV blocks. Predictors of permanent complete AV block 

after ASA are female gender, older age and pre-existing LBBB. A pre-existing LBBB is 

a risk factor for the development of complete AV block and may merit prophylactic 

pacemaker implantation. Atrioventricular and intraventricular conduction disturbances 

are common after ASA. Other frequent ECG disorders after ASA are: fascicular blocks, 

transient prolongation of QT interval, significant and persistent prolongation of corrected 

QT interval, QT dispersion. 

The JT interval and corrected JT dispersion are not significantly changed after 

ASA.  ASA for OHCM induces significant delayed ECG changes in most patients. The 

changes include QRS prolongation, new RBBB, persistent QT prolongation, transient QT 

dispersion, PR prolongation and changes in heart rate variability.161  

Ventricular arrhythmias: The most frequent ones are MVTs triggered by late-coupled 

PVCs in more than 85% of cases. In patients with implanted ICD, they are frequently 

terminated by anti-tachycardia pacing, which does not reduce the frequency of ICD 

shocks. Younger HCM patients have more rapid heart rate VTs, which may explain the 

peak of SCD in early adulthood. The circadian periodicity of VT peaked at midday (with 

20% occurring between 11:00 PM and 7:00 AM). It is different from that observed in 

ischemic heart disease, and is likely to relate to the distinct character of the 

arrhythmogenic substrate in HCM and its modulators. 

From a cohort of 330 patients with HCM selected because of their high risk for 

SD, ECG did not predict subsequent appropriate ICD intervention for VTs and was not 

useful in risk stratification for SD. No differences in the ECG characteristics of patients 

with and without appropriate device interventions were identified. Markedly increased 

ECG voltages, QRS duration, left or rightward QRS axis, abnormal Q waves, and QTc or 



QT dispersion were not associated with appropriate ICD discharge. Conversely, normal 

ECGs except for a repolarization abnormality in only 1 anatomic distribution were not 

associated with freedom from ICD discharge. Moreover, no combination of ECG 

variables was associated with the likelihood of an appropriate ICD discharge.162  

The association between SCD and NSVT in young patients is striking; however, 

the majority of SCDs, even in young patients, occurred in patients without NSVT. This 

clearly shows that Holter monitoring identifies only a subset of subjects at higher risk. 

Clearly we need to rule out other contributing risk factors before reassuring an individual 

patient based on this non-invasive modality only. 

The five main risk factors in the primary prevention of SCD in HCM are: family 

history of SCD, syncope, massive wall thickness ≥30 mm, NSVT in Holter Monitoring, 

and abnormal blood pressure response to exercise.  

In HCM, as a genetic cardiac disease, the risk for SCD may also exist from birth. 

 Figure 27 shows an ECG of an elderly patient with severe LVOTO and Figures 

28 and 29 immediately after ASA. 

. 

 



Figure 27. Clinical diagnosis: OHCM with gradient in LVOT of 80 mmHg and clinically 

in NYHA functional group IV (dyspnea in rest), even with medication. ECG diagnosis: 

LAE+LVH with strain pattern. Reduction of hypertrophic septum is chosen, by ASA in 

the first perforating artery, anterior descending artery branch. 

 

 

Figure 28. Clinical data: the same patient immediately after ASA in the first perforating 

artery, branch of the anterior descending artery. ECG: ST + LAE + LVH + CRBBB + 

LPFB + septal MI: QR in V1 and ST segment elevation of subepicardial lesion type + 

LPFB, I and aVL rS, qR in III, RIII>RII, notch in descending limb of R wave of III and 

aVF (red arrows) and ÂQRS shifted to the right (+110º). 

 

 



 

Figure 29. ECG/VCG correlation immediately after ASA procedure of the same patient 

that shows LAE, LVH, LPFB, CRBBB and septal infarction. 

 

Figures 30-33 show another ECG belonging to a patient with severe LVOTO. 



 

Figure 30. Clinical diagnosis: severe O-HCM, which does not respond to drugs. Septal 

thickness is 30 mm; gradient in rest is 80 mmHg. Functional class IV. ECG diagnosis: 

left chambers hypertrophy. Cabrera systolic pattern of ventricular repolarization (“strain 

pattern”). 

 

 

 

 



 

Figure 31. Clinical diagnosis: the same patient after ASA in the first septal perforator 

artery. Great relief of dyspnea. Significant reduction of septal thickness. ECG diagnosis: 

CRBBB + LPFB + lesion current and septal subepicardial ischemia (LV). SÂQRS close 

to +120°; SI-QIII-TIII pattern; RIII > 15 mm RII; qIII > qII > q aVF. Clinical absence of 

asthenic biotype, RVH or lateral infarction: LPFB. QRSD: 153 ms. Broader S wave in 

left leads; qR in V1: complete RBBB. 

 



 

Figure 32. ECG/VCG correlation in the frontal plane. SÂQRS: around + 120º; I & aVL: 

rS pattern; clinical absence of vertical heart, RVH or lateral infarction; qR pattern in 

inferior leads; qIII > qaVF > qII; QRSD: 153 ms; Right End Conduction Delay (RECD) 

in the right X orthogonal lead. Conclusion: complete RBBB + LPFB. 

 

 

 

 

 

 

 

 

 



 

Figure 33. ECG/VCG correlation of the same patient in the horizontal plane: Afferent 

limb behind the efferent one: Grishman-type CRBBB; ECD in “glove finger” in the right 

anterior quadrant: CRBBB; “Epsilon like wave”; QRSD: 153 ms; CRBBB; broader S in 

left leads → CRBBB. Conclusion: CRBBB, Grishman or Kennedy type I in VCG. 

 

Figures 34-37 show another case of severe OHCM. 

 

 

 



 

Figure 34. Clinical diagnosis: OHCM with gradient of 35 mmHg, associated with 

systemic high blood pressure. ECG diagnosis: LVH, ventricular repolarization systolic 

pattern. TWI from V2 to V6 and in I, II and aVL. T waves at times with a tendency to 

symmetry in intermediate leads (V2 to V4). 

 

 



 

Figure 35. ECG/VCG correlation of an elderly patient (69 years old) in the horizontal 

planr, carrier of moderate OHCM, associated with high blood pressure. T loop opposite 

to the QRS loop and rounded (primary?); QRS loop with elongated morphology; TWI 

from V2 to V6; maximal vector >2 mV; counterclockwise rotation; QRS/T angle close to 

+180º; initial 10 ms vector heading forward and to the left: absence of Q wave from V4 

to V6. 

 

 

 

 

 

 

 

 



 

Figure 36. ECG/VCG correlation in the frontal plane. QRS/T angle not matching; 

preserved septal vector; SÂQRS +10°; maximal vector >2 mV. 

 

 

 

 

 

 

 



 

Figure 37. ECG/VCG correlation in the right sagittal plane. QRS loop located in the 

inferoposterior quadrant. 

 

Differential diagnosis of HCM 

Athlete’s heart, aortic stenosis, amyloidosis, FD, glycogen storage disease, 

hypertensive heart disease, mucopolysaccharide storage disease, restrictive 

cardiomyopathy, sarcoidosis. 

 

Risk factors associated to SCD in HCM 

Obesity is highly prevalent among patients with HCM and is associated with increased 

likelihood of obstructive physiology and adverse prognosis. Strategies aimed at 

preventing obesity and weight increase may play an important role in management and 

prevention of disease-related complications.163 



Extreme increase of septal thickness: LVH (>30 mm) in young patients;  

Very increased estimation of myocardial mass; 

Progression of the disease to LV wall thinning and decrease of ejection fraction;  

History of recovery from SCD;  

Recurrent syncope in young people;  

The presence of extensive; LGE-CMRI in the IVS and RV anterior and posterior 

insertions may be a biomarker of SCD.164 Brazilian authors recommend that 

quantification of myocardial fibrosis should be performed with visual assessment.165 

 Type I HCM: with genetic alteration with mutations in locus 1q of the long arm of 

chromosome 14, which alters the heavy chain of cardiac beta-myosin (beta-MyHC), high 

penetrance, severe hypertrophy and sudden cardiac death present in approximately 50% 

of affected patients. The locations Arg403 (substitution of the amino acid arginine by 

glycine in position 403), Arg453Cys (substitution of the amino acid arginine by cysteine 

in position 453), and Arg719Trp (substitution of the amino acid argynine by tryptophan 

in position 719) are considered malignant. 

Type II HCM: (15%) alteration in chromosome 1: locus 1q3. It modifies cardiac troponin 

T (cTnT). These patients present little hypertrophy and high arrhythmic mortality in 

young people under 30 years old. To this moment, 8 mutations have been 

described.  Note: in patients in whom a genetic diagnosis has been made of malignant 

form, even in absence of symptoms and hypertrophy, implantable cardioverter 

defibrillators are indicated. 

HCM due to mutations in genes encoding sarcomere proteins is most commonly inherited 

as an AD trait. ≈50% of HCM cases occur in the absence of a family history, a recessive 

inheritance pattern may be involved A pedigree was identified with suspected AR 

transmission of HCM. Twenty-six HCM-related genes were comprehensively screened 



for mutations in the proband with targeted second generation sequencing, and the 

identified mutation was confirmed with bi-directional Sanger sequencing in all family 

members and 376 healthy controls. A novel missense mutation (c.1469G>T, 

p.Gly490Val) in exon 17 of MYBPC3 was identified. Two siblings with HCM were 

homozygous for this mutation, whereas other family members were either heterozygous 

or wild type. Clinical evaluation showed that both homozygotes manifested a typical 

HCM presentation, but none of others, including 5 adult heterozygous mutation carriers 

up to 71 years of age, had any clinical evidence of HCM. These data identified a 

MYBPC3 mutation in HCM, which appeared AR inherited in this family. The absence of 

a family history of clinical HCM may be due to not only a de novo mutation, but also AR 

mutations that failed to produce a clinical phenotype in heterozygous family members. 

Therefore, consideration of recessive mutations leading to HCM is essential for risk 

stratification and genetic counseling.166 

AF can lead to progressive functional decline, worsening hf and increased risk for 

systemic thromboembolism. The management of AF in HCM patient focuses on symptom 

alleviation (managed with rate and/or rhythm control methods) and prevention of 

complications such as thromboembolism (prevented with anticoagulation. Evidence 

suggests that early rhythm control strategy may result in more favorable short- and long-

term outcomes.167 

Presence of NSVT on Holter in patient with alteration of conscience. Recording of NSVT 

on Holter monitoring and massive LVH with a maximum wall thickness >30 mm are 

considered predictors of SCD in HCM patients.168 

History of HCM associated myocardial infarction.169 Morphologic abnormalities of the 

intramural coronary arterioles represent the primary morphologic substrate for 

microvascular dysfunction and its functional consequence-that is, blunted myocardial 



blood flow (MBF) during stress.  PET and CMRI have led to an enhanced understanding 

of the role that myocardial ischemia and its sequelae fibrosis play on clinical outcome. 

Studies with PET have shown that HCM patients have impaired myocardial blood flow 

after dipyridamole infusion and that this blunted MBF is a powerful independent predictor 

of cardiovascular mortality and adverse LV remodeling associated with LV systolic 

dysfunction. Stress LGE-CMRI has also shown that MBF is reduced in relation to 

magnitude of wall thickness and in those LV segments occupied by LGE (i.e., fibrosis). 

These CMRI observations show an association between ischemia, myocardial fibrosis, 

and LV remodeling, providing support that abnormal MBF caused by microvascular 

dysfunction is responsible for myocardial ischemia-mediated myocyte death, and 

ultimately replacement fibrosis. Efforts should now focus on detecting myocardial 

ischemia before adverse LV remodeling begins, so that interventional treatment strategies 

can be initiated earlier in the clinical course to mitigate ischemia and beneficially alter 

the natural history of HCM. 

NSVT is associated with a substantial increase in sudden death risk in young patients 

with HCM. A relation between the frequency, duration, and rate of NSVT episodes 

could not be demonstrated.170 

 SVT induction in electrophysiological study. 

The development of a malignant arrhythmia requires the coalescence of triggers at a 

critical moment in time as well as a pro-arrhythmic substrate. 

 

Vectorcardiogram in HCM 

According to Ellison and Restieaux, the method displays: usefulness to quantify severity; 

usefulness to estimate the magnitude of left ventricular mass (normal 50 to 90 g/m2 in 

children and young adults). 



The following VCG elements stand out: 

Increased voltage of LV maximal spatial vector in QRS loop: Normal values in the 

HP = 1.35 mv (0.75 to 2.2 mv), FP = 1.55 mv (0.9 to 2.3 mV), and SP = 1.5 mv (0.5 to 

2.3 mV). The degree of this increase is directly related to ventricular mass. Thus, values 

of 3 mV correspond to the LV mass of 150 g/m2, values of 4 mV correspond to a mass of 

275 g/m2 and 5 mV and are equivalent to LV mass of 400 g/m2. 

T loop opposite to the QRS loop: This element is an indication of severity in HCM; 

thus, the greater the severity, the more obtuse the QRS-T angle (normal maximal value 

of QRS-T angle in the three planes = 75º). In children and young people, the QRS-T angle 

is usually normal. In adults almost always exceeding 75º.  

In severe forms and in elderly patients, the angle is close to 180o. 

Dromotropic disorders: Frequent.  

LAFB: maybe by inclusion of anterior fascicle in the septal muscle with disorder. 

LSFB: particularly in NOHCM of the middle and low regions of the septum. Marked 

anterior shift of QRS loop is observed in the HP in absence of initial convexity to the 

right of the 20 ms vector. 

CLBBB: it is very frequent after septectomy surgery (80% of cases). 

CRBBB: it is very frequent after ASA injected in the first septal perforator artery of the 

LADA.  

Middle age man with high blood pressure, moderate symmetrical LVH, normal coronary 

arteries and pathognomonic LV shape: The "ace-of-spades" sign on left ventriculography. 

Figure 38 shows an ECG with biventricular hypertrophy. 

 

 

 



 

Figure 38. Note the pattern of biventricular overload (LVH + HVD) and more dilated left 

atrium. Electrical axis of the QRS right at +110º, broad pattern of isodiphasic RS from 

V2 to V4; a phenomenon known as Katz-Watchtel wide QRS complexes consisting of 

V2-5 that are a sign of biventricular hypertrophy described by these authors in 1935 in 

carriers of interventricular communication with BVH. The near absence of ST segment 

with very short QT interval (330 ms next) is remarkable. We have no explanation for this 

phenomenon in the present case, however we know well the causes are congenitally 

acquired short QT interval as acidosis alterations in autonomic tone, digitalis toxicity and 

effect, hypercalcemia, hyperkalemia and hyperthermia. 

 



Figures 39-44 show a typical example of Ap-HCM.

 

Figure 39. Clinical diagnosis: Apical Hypertrophic Cardiomyopathy. ECG diagnosis: 

LVH. Giant negative T waves only in V3. By definition giant negative T wave is 

considered when ≥10 mm deep. In the present case only V3 meets this criterion. T wave 

is negative in I, II, aVL, and from V1 to V6. LVH criteria based on increase of amplitude 

or voltage of the QRS complexes. Positive Sokolow-Lyon index: S of V1 + R of V5 ≥35 

mm in adults. Following the point score system for LVH or Romhilt-Estes Score = 6 

points. ST-T vector opposite to QRS without digitalis. R wave in V5 or V6 ≥30 mm. 5 or 

more points: certain LVH. 

 



 

Figure 40. ECG/VCG correlation in the frontal plane. 

 

 

Figure 41. ECG/VCG correlation in the horizontal plane. 

 



 

Figure 42. ECG/VCG correlation in the right sagittal plane. 

 

 

 

 

 

 

 

 



Figure 43. Two-dimensional echocardiogram. Apical 4-chamber view shows apical 

hypertrophy in the apical one third of the ventricle, with apical LV cavity obliteration.  

RV = right ventricle RA = right atrium LA = left atrium LV= left ventricular cavity   

 

 

Figure 44. Ap-HCM. Cine MRI in the four-chamber view shows progressive thickening 

of the ventricular walls towards the apex in diastole (a) and systole (b). Late enhancement 

in a four-chamber view (c) and vertical long axis (d) demonstrates strong enhancement in 

the hypertrophied myocardium (arrow). Note the presence of “pseudo diverticulum” in 

the most apical myocardium (arrowhead). 

 

HCM is characterized by substantial genetic and phenotypic heterogeneity, 

leading to considerable diversity in clinical course including the most common cause of 

SCD in young athletes and a determinant of HF symptoms in patients of any age.  

Two-dimensional echocardiography has been the most reliable method for 

establishing a clinical diagnosis of HCM. However, CMRI, with its high spatial resolution 



and tomographic imaging capability, has emerged as a technique particularly well suited 

to characterize the diverse phenotypic expression of this complex disease.  

CMRI is often superior to TTC for HCM diagnosis, by identifying areas of 

segmental hypertrophy (i.e., anterolateral wall or apex) not reliably visualized by 

echocardiography (or underestimated in terms of extent).  

High-risk HCM patient subgroups identified with CMRI include those with thin-

walled scarred LV apical aneurysms (which prior to CMRI in HCM remained largely 

undetected). 

End-stage systolic dysfunction, and massive LVH. CMRI observations also 

suggest that the cardiomyopathic process in HCM is more diffuse than previously 

regarded, extending beyond the LV myocardium to include thickening of the RV wall as 

well as substantial morphologic diversity with regard to papillary muscles and mitral 

valve. These findings have implications for management strategies in patients undergoing 

invasive septal reduction therapy.  

Among HCM family members, CMRI has identified unique phenotypic markers 

of affected genetic status in the absence of LVH including: myocardial crypts, elongated 

mitral valve leaflets and late gadolinium enhancement. The unique capability of LGE-

CMRI to identify myocardial fibrosis has raised the expectation that this may represent a 

novel marker, which may enhance risk stratification. LGE appears to be an important 

determinant of adverse LV remodeling associated with systolic dysfunction. However, 

the predictive significance of LGE for SCD is incompletely resolved and ultimately future 

large prospective studies may provide greater insights into this issue. These observations 

underscore an important role for CMRI in the contemporary assessment of patients with 

HCM, providing important information impacting diagnosis and clinical management 

strategies. 



Prognosis 

Mortality rates of 1 to 4% have been reported in patients with HCM, but these numbers 

have greatly improved in the past two decades. 

Even though most patients with HCM have no symptoms, the first clinical presentation 

is often SCD from malignant arrhythmias. The highest mortality is in young people. 

Early diagnosis is important as it allows the healthcare provider is to prescribe an 

appropriate level of safe physical activity 

Besides SCD, patients can have atrial and ventricular arrhythmias.  

Those who have concomitant mitral regulation and diastolic dysfunction are also prone 

to recurrent episodes of CHF. 

 

Management of HCM 

There are currently no disease-specific medications for HCM.   

For patients with HCM without symptoms, lifestyle changes and medications for 

conditions that may contribute to cardiovascular disease are recommended. 

For those with symptoms, the focus is on symptom management using medications and 

procedures. 

Medications 

β-blockers, metoprolol (Lopressor, Toprol-XL), propranolol (Inderal, Innopran XL) or 

atenolol (Tenormin). 

Calcium channel blockers such as verapamil (Verelan, Calan SR,) or diltiazem 

(Cardizem, Tiazac). 

Heart rhythm drugs such as amiodarone (Pacerone) or disopyramide (Norpace). 

Blood thinners such as warfarin (Coumadin, Jantoven), dabigatran (Pradaxa), rivaroxaban 

(Xarelto) or apixaban (Eliquis) to prevent blood clots in cases of AF. 



Diuretics offer limited and varying relief of symptoms. They may help with function but 

may also have adverse side effects.  

 

Procedures 

A range of surgical and nonsurgical procedures can be used to treat HCM: 

Surgical Septal Myectomy: It is an open-heart surgery considered for people with 

obstructive HCM and severe symptoms. This is generally reserved for younger patients 

and for people whose medications are not working well. A surgeon removes part of the 

thickened septum that is bulging into the LV. Septal myectomy helps improve blood flow 

out of the heart and reduces backward flow of blood through the mitral valve (mitral 

regurgitation). The surgery may be done using different approaches, depending on the 

location of the thickened heart muscle. In one type, called apical myectomy, surgeons 

remove thickened heart muscle from near the tip of the heart. Sometimes the mitral valve 

is repaired at the same time. Currently, surgical septal myectomy is regarded as the “gold 

standard” treatment for most patients with OHCM and drug-refractory symptoms. 

However, the best results are obtained by those surgeons who have extensive experience 

with this operation at a small number of referral centers. 

ASA: In this procedure, ethanol (a type of alcohol) is injected through a tube into the 

small artery that supplies blood to the area of heart muscle thickened by HCM. The 

alcohol causes these cells to die. The thickened tissue shrinks to a more normal size. The 

risks and complications of heart surgery increase with age. For this reason, ASA may be 

preferred to myectomy in older patients with other medical conditions. Possible 

complications include heart block, which requires implantation of a pacemaker.171  

ASA requires selection of patients with a suitable clinical profile.  



The US/Canada (ACC/AHA) guidelines suggest limiting ASA to patients of advanced 

age, those at an unacceptably high operative risk as a result of important comorbidities or 

those with a strong aversion to surgery.90 The limitation of ASA to patients >60 years can 

be justified by the low rate of SCD in elderly HCM patients172 and their shorter period of 

potential risk compared to young patients. Additionally, patients with concomitant 

diseases that would independently warrant surgical correction, such as CAD or mitral 

valve repair for ruptured chordae, cannot be candidates for ASA. 

Long-term mortality and (aborted) SCD rates after ASA and myectomy are similarly low. 

Patients who undergo ASA have more than twice the risk of permanent pacemaker 

implantation and a 5 times higher risk of the need for additional septal reduction therapy 

compared with those who undergo myectomy.173 

Surgically implanted devices: Surgeons can implant several types of devices to help the 

heart work better, including: 

ICD:  it reduces the risk of SCD. An ICD helps maintain a normal heartbeat by sending 

an electric shock to the heart if an irregular heartbeat is detected. This reduces the risk of 

SCD. An ICD is a small device that continuously monitors the heartbeat. It is implanted 

in the chest like a pacemaker. If a life-threatening arrhythmia occurs, the ICD delivers 

precisely calibrated electrical shocks to restore a normal heart rhythm. ICD has been 

shown to help prevent SCD, which occurs in a small number of people with 

HCM.  Delayed enhancement CMRI is a supporting tool in the decision-making process 

for primary prevention ICDs in patients in whom high-risk for SCD remains uncertain 

after assessment of conventional risk factors.174 

Pacemaker: This device uses electrical pulses to prompt the heart to beat at a normal 

rate. 



CRT: A dilated/end-stage phase of HCM is rare but well-recognized. The role for CRT 

in this subset of patients remains unexplored. This device coordinates contractions 

between the LV and RV. CRT in patients with dilated/end-stage HCM does not appear to 

confer a benefic effect on ventricular function. In medium-term follow-up, however, LV 

function did not appear to deteriorate further, yet advanced CHF therapy was common in 

this group. In a large tertiary referral practice for HCM, progressive LV dysfunction 

reaching an endstage is rare. In lieu of this, biventricular pacing is rarely indicated. 

This therapeutic tool was utilized specifically in those patients with CHF despite maximal 

medical therapy. Remarkable is the relatively young age of these patients, nearly all of 

whom are male, a finding in keeping with an earlier report.175, 176 Patients with HCM, in 

use of iCDs, cannot be followed-up by CMRI, since the presence of ICD implant may be 

a contraindication for the exam. In this context, CCT is a useful alternative in the 

assessment and management of these patients. 

Heart transplantation in patients with HCM: In HCM patients with advanced, end-

stage disease or patients showing refractory CHF signs and symptoms, a heart transplant 

may be considered. A minority of patients (around 3.5%) can progress to an end-stage 

state, characterized by systolic dysfunction and restrictive ventricular filling, related to 

extensive fibrotic replacement and chamber remodeling. In these cases, life expectancy 

is significantly reduced: a mean 3-year survival time has been reported. In this procedure, 

a person’s diseased heart is replaced with a healthy donor heart. The 1-year survival rate 

after cardiac transplantation is as high as 84%, with a 5-year survival rate of 75% and 10-

year survival rate of 59%. The functional status of the recipient after the procedure is 

generally excellent.177 

 An average age of transplant recipients (45 years) is associated with a survival rate that 

is similar to the rate for transplantation in patients with other cardiomyopathies or 



ischemic heart disease (i.e., 85%, 75%, and 61%, at 1, 5, and 10 years, following data 

from the United Network for Organ Sharing),178 with potentially superior survival (92% 

at 5 years) at centers that specialize in the treatment of HCM.179 
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