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Background In patients with apical hypertrophic cardiomyopathy (HCM), electrocardiography (ECG) often shows left ventricular hypertrophy 
(LVH) and a negative T wave. A negative T wave often disappears over time due to degeneration of the apical myocardium. 
However, there are limited reports on the temporary change of a negative T wave in patients with HCM.

Case summary We report three apical HCM patients with LVH and T wave inversion on their previous ECG who showed a temporary decrease in 
the depth of the negative T wave. All of them had significant stenosis of coronary arteries including the left anterior descending 
artery (LAD). After revascularization for the LAD lesion, their ECG returned to the previous depth of the negative T wave.

Discussion The cases presented here suggested that a temporary decrease in the depth of the negative T wave in apical HCM patients may be 
one of the signs of ischaemia in the anterior-apical region caused by severe stenosis of the LAD.
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Learning points
• In patients with apical hypertrophic cardiomyopathy (HCM), evaluation of regional wall motion abnormality by echocardiography is often 

challenging, the electrocardiography may be a more sensitive means of detecting abnormalities of the left ventricular apex.

• A transient decrease in the depth of the negative T wave may be a sign of ischaemia in the anterior-apical region in patients with apical HCM.
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Introduction
Hypertrophic cardiomyopathy (HCM) is a primary myocardial disease 
with heterogeneous morphological, functional, and clinical features. 
Hypertrophic cardiomyopathy is defined by echocardiography or 

cardiac magnetic resonance imaging as a maximum left ventricular 
(LV) wall thickness ≥15 mm (≥13 mm if there is a family history of 
HCM). Apical HCM is a phenotypic variant of HCM in which, left ven
tricular hypertrophy (LVH) is limited to the level of the apex below the 
papillary muscle.1,2
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In electrocardiography (ECG) for patients with HCM, voltage criteria 
for LVH and T wave inversion are common findings, and a negative T 
wave with a depth ≥10 mm, which is called a giant negative T wave 
(GNT), is a characteristic hallmark of apical HCM.3,4 In patients with 
HCM, the GNT often disappears over time due to degeneration of the ap
ical myocardium and that may be a sign of poor prognosis.2,5 Hence, there 
are limited reports on the temporary change of a negative T wave in pa
tients with HCM.6 Here, we present three cases of apical HCM showing 
a transient decrease in the depth of the negative T wave due to myocardial 
ischaemia caused by left anterior descending artery (LAD) stenosis.

Timeline

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Case Age, sex Echocardiography ECG 
(previous)

ECG (on 
admission)

Laboratory 
data

CAG Treatment ECG (after 
treatment)

1 73-year-old, 

Male

Diffuse LVH in the apex, 

papillary muscle 

hypertrophy

LVH, T wave 

inversion in I, 

aVL, and V4– 
V6 leads

Disappearance of 

negative T wave 

in V4–V6 leads

CK 107 U/L, 

hs-cTnT 

0.034 ng/mL

99% stenosis 

of the 

LAD

PCI T wave 

inversion in 

I, aVL, and 
V3–V6 leads

2 80-year-old, 

Male

LVH predominantly 

involved in the apex, 
asymmetric septal 

hypertrophy

LVH, T wave 

inversion in I, 
aVL, and V3– 

V6 leads, 

GNTs in V4– 
V5 leads

Decrease in the 

depth of the 
negative T wave 

in V3–V6 leads

CK 112 U/L, 

hs-cTnT 
0.099 ng/mL

90% stenosis 

of the 
LAD and 

chronic 

total 
occlusion 

of the 

RCA

CABG T wave 

inversion in 
I, aVL, and 

V3–V6 leads

3 77-year-old, 

Male

LVH in the basal—mid 

anterior wall and 

predominantly involved 
in the apex, papillary 

muscle hypertrophy

T wave 

inversion in I, 

aVL, and V3– 
V6 leads

Decrease in the 

depth of the 

negative T wave 
in I, aVL, and 

V3–V6 leads

CK 122 U/L, 

hs-cTnT 

0.288 ng/mL

99% stenosis 

of the 

LAD

PCI T wave 

inversion in 

I, aVL, and 
V3–V6 leads

CAG, coronary angiography; ECG, electrocardiography; LVH, left ventricular hypertrophy; GNT, giant negative T wave, CK, creatinine kinase; hs-cTnT, high-sensitivity cardiac troponin T; 
LAD, left anterior descending artery; RCA, right coronary artery; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft.

Case presentation
Case 1
A 73-year-old Japanese male had been followed at our outpatient clinic 
for apical HCM for 3 years. His previous medical history included dys
lipidaemia and polymyositis. There was no family history of cardiovas
cular disease or sudden cardiac death. In a steady state, he 
complained of mild exertional dyspnoea with New York Heart 
Association functional Class II. Electrocardiography shows sinus 
rhythm, LVH with ST depression, and T wave inversion (maximum 
depth of 6 mm in V5 lead) in lateral leads (I, aVL, and V4–V6 leads) 
(Figure 1A, left). Echocardiography shows a LV ejection fraction of 
72%, diffuse LVH in the apex (maximum LV wall thickness of 
15 mm), and papillary muscle hypertrophy (Figure 2). These findings 
were consistent with apical HCM.1,2

During follow-up, he was admitted to our outpatient clinic for chest 
discomfort. On physical examination, the fourth heart sound was aus
cultated. Electrocardiography shows sinus rhythm and disappearance of 
the negative T wave in V4–V6 leads (Figure 1A, middle). 

Echocardiography showed LVH and normal LV wall motion without 
segmental LV hypokinesis, findings that were not significantly different 
from those in the previous examinations. Laboratory examinations 
showed a creatinine kinase (CK) level of 107 U/L (normal range of 
59–248 U/L) and a high-sensitivity cardiac troponin T (hs-cTnT) level 
of 0.034 ng/mL (normal range of <0.014 ng/mL).

Therefore, coronary angiography (CAG) was performed that re
vealed a severe stenotic lesion (99% stenosis) of the mid-LAD, and per
cutaneous coronary intervention (PCI) was performed with 
drug-eluting stent (Figure 1B). After the intervention for the LAD, his 
symptom was relieved and ECG showed mild T wave inversion. 
After 6 months, the T wave returned to a negative T wave with the pre
vious depth (maximum depth of 7 mm in V5 lead) (Figure 1A, right).

Case 2
An 80-year-old Japanese male was diagnosed as having apical 
HCM, hypertension, dyslipidaemia, and diabetes mellitus. 
Electrocardiography shows sinus rhythm and LVH with GNTs in 
V4–V5 leads (10 mm in V4–V5 lead) (Figure 1C, left). 
Echocardiography showed a LV ejection fraction of 70%, LVH predom
inantly involving the apex (maximum LV wall thickness of 18 mm), and 
asymmetric septal hypertrophy without a gradient. Hs-cTnT level was 
mildly elevated (0.029 ng/mL) in a steady state. Although he had a his
tory of hypertension, his blood pressure had been controlled well for a 
long duration, and echocardiographic findings were consistent with 
HCM rather than hypertensive heart disease.

On a regular outpatient day, he had no symptoms. However, ECG 
shows sinus rhythm and a decrease in the depth of the negative T 
wave (7 mm in V4 lead and 6 mm in V5 lead) (Figure 1C, middle). 
Echocardiography showed normal LV wall motion without segmental 
LV hypokinesis, findings that were not significantly different from those 
in the previous examinations. Laboratory data showed a normal CK le
vel (112 U/L) and an elevated hs-cTnT level (0.099 ng/mL). Coronary 
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angiography shows three-vessel disease including severe stenosis (90%) 
of the LAD and total occlusion of the right coronary artery (RCA) 
(Figure 1D). Additionally, fractional flow reserve for the LAD lesion un
der the condition of reactive hyperaemia by the intracoronary admin
istration of nicorandil indicated 0.73 (cutoff value of 0.80) as 
physiologically significant stenosis.

After a discussion with the heart team about the therapeutic strat
egy, we decided to perform coronary artery bypass surgery with a 
left internal thoracic artery graft to the LAD and a saphenous vein graft 
to the RCA. After the bypass surgery, ECG returned to baseline 

negative T waves (8 mm in V4–V5 leads) (Figure 1C, right). He was 
asymptomatic consistently pre- and post-revascularization. It might 
be related to his low physical activity level and diabetes mellitus.

Case 3
A 77-year-old Japanese male was previously diagnosed as having apical 
HCM, hypertension, dyslipidaemia, and diabetes mellitus. He had no 
family history of cardiovascular disease. Electrocardiography shows si
nus rhythm with inverted T waves in I, aVL, and V3–V6 leads (maximum 

Figure 1 Case 1. (A) The previous electrocardiography showed sinus rhythm and left ventricular hypertrophy with T wave inversion in lateral leads 
(I, aVL, and V4–V6 leads) (left panel). When the patient visited our outpatient clinic for exertional dyspnoea, electrocardiography showed the disappear
ance of the negative T wave in V4–V6 leads (middle panel). After performing percutaneous coronary intervention for the left anterior descending artery, 
electrocardiography returned to left ventricular hypertrophy with a negative T wave (right panel). (B) Coronary angiography shows a severe stenotic 
lesion (99% stenosis) in the left anterior descending artery, and percutaneous coronary intervention was performed for the left anterior descending 
artery. Case 2. (C ) Electrocardiography shows sinus rhythm and left ventricular hypertrophy with negative T wave, especially giant negative T waves in 
V4–V5 leads (left panel). On a regular outpatient day, electrocardiography showed a decrease in the depth of the negative T wave (middle panel). After 
coronary artery bypass grafting, the electrocardiography returned to a baseline negative T wave (right panel). (D) Coronary angiography shows three- 
vessel disease including severe stenosis (90%) of the left anterior descending artery and chronic total occlusion in the right coronary artery. Case 3. 
(E) Electrocardiography shows sinus rhythm with inverted T waves in I, aVL, and V3–V6 leads (left panel). At the time of admission because of chest 
discomfort on exertion, electrocardiography showed decreases in the depth of the inverted T waves (middle panel). After percutaneous coronary 
intervention, electrocardiography shows that the depth of inverted T waves has returned to the previous level (right panel). (F ) Coronary angiography 
shows a severe stenotic lesion in the left anterior descending artery, and percutaneous coronary intervention was performed for the left anterior des
cending artery. The yellow solid bar shows a stenotic lesion of the coronary artery. The yellow dot bar shows the chronic total occlusion site of the right 
coronary artery.
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depth of 4 mm in V4 lead) (Figure 1E, left). Echocardiography showed a 
LV ejection fraction of 64% and LVH in the basalmid- anterior wall and 
predominantly in the apex with papillary muscle hypertrophy (max
imum LV wall thickness of 15 mm). The Hs-cTnT level was 0.013 ng/ 
mL in a steady state. He had a history of hypertension, but his blood 
pressure had been controlled well for a long duration, and echocardio
graphic findings were suggestive of HCM rather than hypertensive heart 
disease.

He was admitted to our outpatient clinic for chest discomfort on ex
ertion. Physical examination revealed no remarkable findings. 
Electrocardiography shows decreases in the depth of inverted T 
wave in I, aVL, and V3–V6 leads (maximum depth of 2 mm in V4 lead) 
(Figure 1E, middle). Laboratory data showed an elevated hs-cTnT level 
(0.288 ng/mL) and a normal CK level (122 U/L). Echocardiography re
vealed LVH and normal LV wall motion without segmental LV hypokin
esis. Coronary angiography was performed and revealed a severe 
stenotic lesion of the proximal LAD (99% stenosis). We immediately 
performed PCI (Figure 1F). After the intervention, his symptom was re
lieved. Electrocardiography shows that the depth of inverted T waves 
has returned to the previous level (maximum depth of 4 mm in V4 
lead) (Figure 1E, right).

Discussion
To the best of our knowledge, there are limited reports about the tem
porary change of the negative T wave caused by coronary artery disease 
in patients with apical HCM.6 We present three cases of apical HCM 
that showed temporary disappearance or decrease of the negative T 
wave associated with ischaemic heart disease including a LAD lesion. 

After revascularization for the LAD, the T wave returned to a negative 
T wave with the previous depth, in all cases, several months later.

Apical HCM is a phenotypic variant of HCM in which LVH is limited 
to the distal apex. Apical HCM was first described by Sakamoto et al.7

and, subsequently, by Yamaguchi et al.8 It is exemplified by unique elec
trographic findings of giant T wave inversions and echocardiographic 
features of apical hypertrophy. The prevalence of apical HCM is high 
in Japan, accounting for ∼15% of all HCM cases, compared with the 
prevalence of 3% in the USA.9

Electrocardiography is a sensitive and useful diagnostic tool for HCM. 
More than three-quarters of HCM patients have abnormal ECG findings 
such as an abnormal Q wave, ST-T change, negative T wave, and high volt
age in precordial leads.10,11 A negative T wave with a depth ≥10 mm in any 
lead is defined as a GNT, which is regarded as a relatively typical apical 
HCM marker.12 It was reported that LV wall thickness at the papillary mus
cle and apex levels was greater in apical HCM patients with a GNT than in 
those without a GNT.13 The depth of the T wave may vary during the 
course of the disease. High voltage and GNT often decrease or disappear 
over time and that may be a sign of poor prognosis.2,5 It has been specu
lated that the progression of myocardial disease in the LV apex is a mech
anism for the disappearance of GNT in apical HCM patients.5

Chest pain and tightness are common symptoms in HCM patients, 
and they are caused by relative myocardial ischaemia, coronary vasos
pasms, or coronary artery stenosis.14 It was reported that the preva
lence of coronary artery stenosis in HCM patients ranged from 11 to 
26%. Moreover, it was reported that the risk of death was greater in 
HCM patients with severe coronary artery disease than in HCM pa
tients without the disease.15,16

In the setting of non-ST-segment elevation acute coronary syndrome, 
the characteristic abnormalities of ECG include ST-segment depression 

Figure 2 Echocardiography shows a left ventricular ejection fraction of 72% and diffuses left ventricular hypertrophy in the apex and papillary muscle 
hypertrophy.
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and T wave inversion.17 T wave inversion in precordial leads is well 
known as Wellens’ syndrome, representing severe stenotic lesions of 
the LAD.18 Due to the similar large negative T waves in precordial leads 
on ECG and similar presenting symptoms of chest pain or chest discom
fort, differentiation of these two diseases can be challenging. Several pre
vious reports have indicated that apical HCM might mimic coronary 
artery disease.19 In this case series, we showed that apical HCM patients 
complicated with LAD stenosis could present a decreasing depth of the 
negative T wave or GNT, unlike patients with Wellens’ syndrome.

We could not detect LV wall motion abnormalities by echocardiog
raphy in any of the cases. Evaluation of the apex is sometimes difficult 
due to massive hypertrophy on echocardiography in apical HCM pa
tients.20 It is possible that ECG is a more sensitive means of detecting ab
normality of the LV apex. So, when we encounter the disappearance or 
decrease of the negative T wave in patients with apical HCM, we should 
explore the possibility that the ECG change is caused by not only the nat
ural clinical disease course but also severe stenosis of the LAD.

There are some limitations. First, we did not prove functional ischae
mia by myocardial perfusion scintigraphy in any of the cases. We con
sidered that revascularization for the LAD should be given priority over 
an assessment of functional ischaemia because of symptomatic angina 
with severe stenosis of coronary arteries. Second, we could not evalu
ate structural abnormalities in the LV apex by cardiac computed tom
ography or cardiac magnetic resonance imaging.

In this case series, three apical HCM patients showed decreasing 
depth of the negative T wave or GNT. They showed coronary artery 
stenosis including severe stenosis of the LAD. After revascularization 
for the LAD lesion, the T wave negativity returned to its previous 
depth. In patients with apical HCM, decreasing T wave negativities 
may be one of the signs of ischaemia of the anterior-apical region 
due to LAD stenosis.

Conclusion
We reported three apical HCM patients with LVH with T wave inver
sion on their previous ECG who showed a temporary decrease in the 
depth of the inverted T wave. There are limited reports on serial ECG 
changes over time in patients who have apical HCM complicated with 
ischaemic heart disease. The cases presented here suggested that a 
temporary decrease in the depth of the inverted T wave may be one 
of the signs of ischaemia at the anterior-apical region caused by severe 
stenosis of the LAD.
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