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a b s t r a c t 

In patients with apical hypertrophic cardiomyopathy (HCM), progressive electrocardio- 

graphic changes are observed during long-term follow-up. However, it is difficult to cor- 

respond these changes to the specific myocardial changes. Cardiac magnetic resonance 

(CMR) imaging can elucidate myocardial changes by late gadolinium enhancement. Here, we 

present the long-term follow-up ( > 18 years) on a patient with apical HCM, whereupon, pre- 

cise and continuous changes in the myocardium, causing ST segment and T wave changes 

on electrocardiography, were observed on CMR images. The combination of electrocardiog- 

raphy and CMR facilitates management of patients with apical HCM because it helps explain 

and understand the nature of electrocardiography changes over time. 

© 2024 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 
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Introduction 

Apical hypertrophic cardiomyopathy (HCM) is characterized
by myocardial hypertrophy at the apex of the heart, a spade-
shaped left ventricular lumen, and the presence of giant nega-
tive T waves with an amplitude > 1 mV in the precordial leads
on electrocardiography (ECG) [ 1 ]. Although the disease pro-
gresses without any symptoms in most cases, cardiovascular
events, including nonfatal arrhythmia and myocardial infarc-
tion may occur in few, and thus, necessitate follow-up obser-
vation [ 2 ]. In patients with HCM, ECG changes occur contin-
uously over time as the disease progresses. However, precise
analysis of the types of ECG changes that reflect the specific
myocardial changes over a long-term follow-up period has not
been reported. Although myocardial biopsy might be the ul-
timate technique to definitively determine the pathological
changes in the myocardium correlating with ECG changes, it is
invasive and difficult to perform [ 3 ]. Meanwhile, late gadolin-
ium enhancement (LGE) observed on cardiac magnetic res-
onance (CMR) imaging indicates myocardial fibrosis, which
confirms myocardial damage [ 4 ], and may allow considering
the relation between the changes in ECG and myocardium
with increased ability to depict the cardiac morphology and
the movement. Herein, we report a case of apical HCM in
which CMR imaging revealed serial cardiac changes related to
ST segment and T wave changes in ECG during a long-term
follow-up period of 18 years. 

Case report 

A male patient with an ECG abnormality visited our hospi-
tal for the first time at the age of 34 years. The patient was
healthy, with no noteworthy medical or family history of car-
diac or other systemic diseases. Changes in the limb and pre-
cordial leads over time are shown in Fig. 1 . The ECG at that
time showed a negative T wave in V4–6 leads (V4, 0.3 mV), but
no left ventricular hypertrophy was observed (SV1 + RV5 [the
Table 1 – Electrocardiogram and cardiac magnetic resonance fin

Age (y) 34 35 39 42 

ECG findings 
Heart rate (beat/min) 64 61 60 57 
QRS (sec) 0.095 0.096 0.102 0.10
QTc (sec) 0.412 0.392 0.416 0.39
SV1 (mV) 1.37 1.81 2.17 1.95
RV5 (mV) 1.75 2.17 2.67 3.75
Neg T in V4 (mV) 0.3 0.8 1.2 1.4 
CMR findings 
LVEDV (mL) 136.
LVESV (mL) 54.1
LVEF (%) 60.3
LV mass (g) 137.
LGE - 

CMR, cardiac magnetic resonance; ECG, electrocardiogram; LGE, late gadol
diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventri
Sokolow–Lyon voltage] was 3.12 mV; Table 1 ) [ 5 ]. In the pre-
cordial leads, the Sokolow–Lyon voltage showed an increas-
ing tendency over time (3.12 mV at 34 years, 5.68 mV at 45
years, and peaked at 5.86 mV at 50 years of age) [ 5 ]. The ampli-
tudes of negative T waves continued to increase in V4–6 leads
from the age of 34 years and reached 2.5 mV in the V4 lead at
the age of 45 years and then continuously decreased until the
end of observation at the age of 52 years (V4, 1.4 mV). Mini-
mal ST-segment depression appeared in limb leads II, III, and
aVF at the age of 42 years, which peaked at the age of 45 years
and then disappeared. At the age of 42 years, ST-segment de-
pression appeared in precordial leads V4, V5, and V6, which
peaked at the age of 45 years (V4: S =−0.5 mV) and then im-
proved slightly but persisted until the age of 52 years. 

A spade-shaped left ventricle was observed on cine CMR
images ( Fig. 2 ). Myocardial weight increased over time (from
137 g at the age of 42 years to 183 g at the age of 52 years;
Table 1 ). Regarding left ventricular contractility, left ventricu-
lar ejection fraction remained between 56% and 69% during
follow-up. The presence of LGE could not be confirmed at 42
and 43 years of age; however, faint LGE localized to the middle
layer of the apical myocardium was first observed at the age of
45 years. Thereafter, no increase in the volume of the LGE area,
although it became clearer over time, was observed ( Fig. 2 ). In
addition, the patient remained asymptomatic throughout the
follow-up period without any complications. 

Discussion 

In the present case, during the 18-year long-term follow-up of
a patient with apical HCM, the following observations were
made based on simultaneous ECG and CMR observations.
First, although cine CMR imaging revealed continued progres-
sion of myocardial hypertrophy, the amplitudes of negative T
waves in the precordial leads increased initially and decreased
later, while the Sokolow–Lyon voltage continued to increase
until the age of 50 years. Second, ST segment depression in V4–
6 leads occurred during LGE appearance on CMR images. As for
dings. 

43 45 46 50 52 

67 55 58 68 48 
0 0.103 0.102 0.107 0.096 0.108 
6 0.411 0.426 0.423 0.477 0.408 
 1.94 2.05 1.81 2.07 1.84 
 2.39 3.63 3.60 3.79 2.99 

1.4 2.5 1.7 1.6 1.4 

1 150.8 145.1 146.2 140.0 130.0 
 67.0 44.8 61.4 47.0 50.7 
 55.6 69.1 58.0 66.5 61.0 
4 153.9 174.9 156.6 175.7 182.7 

- + + + + 

inium enhancement; LV, left ventricular; LVEDV, left ventricular end 
cular end systolic volume; Neg T, negative T wave. 
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Fig. 1 – Electrocardiographic changes over 18 years. The upper row shows limb leads: at the age of 42 years, minimal ST 

segment depression appeared in II, III, and aVF leads, which peaked at age 45 years and then disappeared. The lower row 

shows precordial leads: at the age of 34 years, a negative T wave was detected in the V4 lead, and the amplitude of this 
negative T wave increased yearly until the age of 45 years. At the age of 42 years, the ST segment depression in the V4 lead 

decreased slightly. At the age of 45 years, both ST segment depression and amplitude of the negative T wave in the V4 lead 

decreased substantially. The amplitude of the negative T wave reduced, but ST segment depression persisted thereafter. 

 

 

 

 

 

 

 

 

 

 

 

 

the progression of myocardial hypertrophy and electrocardio-
graphic changes, the Sokolow–Lyon voltage, which is an indi-
cator of left ventricular hypertrophy, was 3.12 mV at the age of
34 years, but after the age of 35 years, it exceeded 3.5 mV and
peaked (5.86 mV) at the age of 50 years, indicating progression
of wall thickening. CMR imaging confirmed a 34% increase in
myocardial weight over 10 years (from 137 g [42 years] to 183
g [52 years]). However, the amplitudes of negative T waves in-
creased over time until the age of 45 years and then decreased;
this maybe an outcome of prolongation of the action poten-
tial duration of the hypertrophied myocardium and the pro-
gression of electrical remodeling [ 6 ]. In the present case, after
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Fig. 2 – Changes revealed using cine and late gadolinium enhancement (LGE) cardiac magnetic resonance (CMR) imaging 
over 10 years. The upper row shows 4-chamber cine images, and the middle and lower rows show 4-chamber and 

2-chamber LGE images, respectively. CMR imaging revealed an increase in cardiac weight and no change in ejection fraction 

(EF). At the age of 45 years, LGE appeared in the apical mid-layer myocardium. No new area with LGE appeared thereafter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

45 years of age, the amplitude of the T wave decreased de-
spite an increase in myocardial mass as revealed on cine CMR
imaging. In a previous report, the disappearance of negative
T waves was confirmed in 71% of long-term follow-up stud-
ies conducted over 10 years [ 7 ]; the etiology of this depletion
has not been entirely clarified. In the present case, however, it
might have been due to decreased electrical potential on the
intimal side caused by myocardial necrosis since fibrotic areas
localized to the inner side were observed on CMR imaging. Fur-
thermore, some reports have mentioned the possibility of hy-
pertrophy extending beyond the apex toward the base of the
heart, canceling out the negative component of the T wave [ 7 ].
In the present case, because the hypertrophy progressed, as
revealed by CMR imaging, a similar phenomenon might have
occurred. 

In the present case, ST depression of 0.4 mV suddenly ap-
peared at the age of 45 years and continued thereafter. We be-
lieve that this rapid development of ST depression suggests
myocardial injury leading to fibrosis in the hypertrophic re-
gion, as suggested by the LGE on CMR imaging performed
at the same age. Previous studies using 123 I-beta methyl
iodophenyl pentadecanoic acid imaging have reported that
fatty acid metabolism does not occur in the enlarged part of
the area of apical HCM, resulting in ischemia and an anaero-
bic metabolic state [ 8 ]. Severe ischemia or necrosis might have
occurred owing to a lack of oxygen as myocardial hypertro-
phy progressed. In addition, careful observation of the ECG
revealed minimal ST depression in the V5 lead from the age
of 39 years. However, no LGE indicative of myocardial fibro-
sis was revealed on CMR imaging at 42 and 43 years of age.
Reportedly, capturing fibrosis as LGE might be difficult unless
the amount of collagen in the myocardium exceeds 15% histo-
logically. We believe that minimal subendocardial ischemia or
fibrosis, which could not be visualized using delayed contrast
imaging, might have slowly progressed from the time of min-
imal myocardial fibrosis. The manifestation of minimal my-
ocardial fibrosis as minimal ST changes may require attention
as a precursor to severe ischemia or infarction [ 9 ]. 

This study however, has a limitation. It is a single case
study obtained from a single institution. However, there are
few reports of detailed comparisons of ECG and CMR imaging
changes in patients with apical HCM during long-term follow-
up. Our results suggest that CMR imaging may help explain
and understand the nature of ECG changes over time. 

Based on our observations, we conclude that important
myocardial changes may be suggested by changes in ECG, es-
pecially the initiation of a decrease in the height of negative
T waves and the sudden appearance of ST depression. Careful
follow-up using ECG and CMR imaging can prove beneficial for
patients with apical HCM. 

Patient consent 

I hereby confirm that written informed consent was obtained
from the patient for the publication of their case details and
any accompanying images. The patient was thoroughly in-
formed about the nature of the publication, the extent of the
information to be disclosed, and the potential risks and bene-
fits involved. The patient has voluntarily agreed to the pub-
lication, understanding that their identity will remain con-
fidential and that all personal identifiers will be removed or
anonymized to the fullest extent possible. 
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Ethical statement 

The study protocol was approved by the ethics committees of
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All procedures were followed in accordance with the Declara-
tion of Helsinki. 

Declaration of generative AI in scientific writing 

No generative AI tools were used in the writing of this re-
search. All writing and analysis were performed by the au-
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Data availability statement 

The data that support the findings of this study contain per-
sonal information and are not publicly available due to privacy
and ethical considerations. Access to the data is restricted and
requires approval from an ethics committee and an appropri-
ate data use agreement. For more information, please contact
the corresponding author. 
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