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We report the case of a patient with metastatic cardiac tumor who presented with chest pain and electrocardio-
graphic changes mimicking acute inferior myocardial infarction. An 84-year-old man who had undergone lung
cancer surgery one year earlierwas referred to emergency outpatient visit because of chest pain. His 12-lead elec-
trocardiography (ECG) showed ST-segment elevation in the inferior leadswith reciprocal ST-segment depression
in the precordial and lateral leads, which was initially interpreted as inferior acute myocardial infarction. By
emergency coronary angiography, however, there was no significant stenosis or occlusion in the right coronary
artery or the left circumflex artery. In echocardiographic examinations after admission, a largemasswas found in
the area corresponding to the infero-posteriorwall of the left ventricle, which had beendetected only by positron
emission tomographywith computed tomography six months earlier. He died onemonth after admission. Path-
ological autopsy revealed a tumor of 8 × 5 cm size in the myocardium of the posterior to inferior wall of the left
ventricle, and diagnosed as cardiac metastasis from lung cancer. ECG changes with ST-segment elevation, in par-
ticular persistent ST-elevation in the absence of Q waves, can be a sign for tumor invasion of the heart.
Learning objective: It is necessary to consider the possibility of myocardial metastasis when a patient with ma-
lignancy presents with acute myocardial infarction-like electrocardiography findings. Besides, in this case, posi-
tron emission tomographywith computed tomography (PET-CT) had detected an abnormal accumulation in the
left ventricle earlier than when the tumor was pointed out by echocardiography. Multimodality imaging includ-
ing PET-CT could help physicians to make the early and accurate diagnosis of metastatic cardiac tumor.

© 2022 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Introduction

Secondary cardiac cancer most frequently originates from primary
lung cancer, and cardiac metastases are detected in about 20% of au-
topsy examinations of patients with lung cancer [1]. However, it is not
easy to diagnose cardiac metastasis before death because it is often
asymptomatic. In cases with cardiac invasion of the metastatic cancer,
abnormalities on electrocardiography (ECG) are occasionally observed,
but most of the ECG changes are nonspecific [2]. In the present report,
we describe a unique case of cardiac metastasis from squamous cell
lung carcinoma who presented with ST-segment elevation in the
scular Medicine, Ishikiriseiki
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inferior leads accompanied by reciprocal changes on ECG, just mimick-
ing acute inferior myocardial infarction.

Case report

An 84-year-old man was referred to the emergency department of
our hospital because of chest pain at rest from the morning of the day.
One year earlier, he had undergone lower lobectomy of the left lung
for primary lung cancer (squamous cell carcinoma, stage IB) at our hos-
pital. Sixmonths after the surgery (i.e. sixmonths before the current ep-
isode), bone metastases to the right upper arm and left femur were
pointed out by 18F-fluorodeoxyglucose positron emission tomography
with computed tomography (18F-FDG PET-CT), and radiation therapy
was given to these sites. In the PET-CT examination at this time, an ab-
normal accumulation in the left ventricle was also detected (Fig. 1A).
However, he had no chest symptoms and no mass could be found by
d.
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Fig. 1.
(A) An abnormal uptake in the left ventricle (white arrow) detected in 18F-fluorodeoxyglucose positron emission tomography with computed tomography 6 months prior to
presentation. (B, C) Parasternal long-axis (B) and short-axis views (C) in transthoracic echocardiography 6 months prior to presentation. (D, E) Parasternal long-axis (D) and
short-axis views (E) in transthoracic echocardiography on admission. White arrowheads show a left ventricular mass.
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chest CT or transthoracic echocardiography (Fig. 1B and C). His ECG at
that time also presented no specifically abnormal findings including
ST-T changes (Fig. 2A).

On examination at the time of emergency outpatient visit, his blood
pressure was 170/82mmHg, pulse rate 96 beats/min, and oxygen satu-
ration of 97% on room air. He had no heart murmur and normal breath
sounds. As shown in Fig. 2B, 12-lead ECG showed grade I atrioventricu-
lar block and evidence of ST-segment elevation in the inferior leads (II,
174
III, and aVF) with reciprocal ST-segment depression in the precordial
and lateral leads (aVL and V1-V4). Although portable echocardiography
in the emergency room did not show a clear image, regional wall mo-
tion abnormality in the infero-posterior wall was suspected. Based on
ECG and echocardiographic findings accompanied by chest pain, acute
inferior myocardial infarction was strongly suspected, and then the pa-
tient underwent emergency coronary angiography. As a result, moder-
ate stenosis was observed in the left anterior descending artery, but
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Fig. 2.
(A, B) Recordings of 12-lead electrocardiography 6 months prior to presentation (A) and at the time of emergency outpatient visit (B). (C, D) Angiographic images of right
(C) and left (D) coronary arteries during emergency coronary angiography.
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there was no significant stenosis or occlusion in the right coronary ar-
tery or the left circumflex artery, whichwas the lesion expected as a cul-
prit for inferior myocardial infarction (Fig. 2C and D).

After coronary angiographic examination, the patient was admitted
and transthoracic echocardiographywas re-examined. A largemasswas
found in the area corresponding to the infero-posterior wall of the left
ventricle (Fig. 1D and E). Therewas no significant increase in serumcre-
atinine kinase or creatinine kinase-MB after admission. ECG ST-segment
elevation in the inferior leads with coexisting ST-segment depression in
the antero-lateral leads did not change after admission. In addition, nei-
ther abnormal Q waves nor coronary T waves appeared.

Taken together with the findings of the previous PET-CT, the mass
pointed out by echocardiography was determined to be probably a me-
tastatic heart tumor. Because the patient hadmultiplemetastases of pri-
mary lung cancer and his general condition was poor, we judged that it
would be difficult to perform myocardial biopsy or surgery. He died of
respiratory failure one month after admission, and an autopsy was per-
formed. Inmacroscopic evaluation of the heart, a tumor of 8 × 5 cm size
was observed in the myocardium of the posterior to inferior wall of the
left ventricle (Fig. 3), and histologically it was squamous cell carcinoma.
Other organ metastases were found in the bones (left femur and right
humerus), spleen, bilateral adrenal glands, and the lesser curvature of
the stomach.

Discussion

Metastatic cardiac tumors are 20 to 40 timesmore frequent than pri-
mary cardiac tumors, that is, most cardiac tumors are metastatic.
175
Bussani et al. [1] showed that, of 7289 patients in whom one or more
malignant neoplasms were found, 662 cases (9.1%) of cardiac metasta-
ses were ascertained. In their study, the most common cancers among
cardiac metastases were lung cancer, followed by leukemia/lymphoma,
breast cancer, and mesothelioma. They also reported that about two
thirds of all cardiac metastases involved the pericardium (69.4%), one
third the epicardium (34.2%) or the myocardium (31.8%), and only 5%
the endocardium [1]. It is thought that there are three patterns ofmetas-
tasis to the heart: direct invasion, lymphatic metastasis pathway, and
hematogenous metastatic pathway. In direct invasion and lymphatic
metastasis, pericardial effusion and pericardial metastasis are more fre-
quent than in hematogenous metastasis [3]. In this case, pathological
autopsy revealed that the neoplastic lesion did not reach the pericar-
dium and was localized in the myocardium, suggesting a high possibil-
ity of hematogenous metastasis.

ECG changes in metastasis to the cardiac tissue are not specific for
tumor involvement and are occasionally difficult to differentiate from
those associated with pre-existing heart disease. Various abnormalities
on ECG have been reported to be observed in cases withmetastatic car-
diac tumors, including ST-T changes (such as ST depression, ST eleva-
tion, T wave inversion, and nonspecific ST-T change), low voltage,
bradycardia, atrial fibrillation/flutter, bundle branch block, andmultiple
combined abnormal ECG patterns [2,4]. Cates et al. [4] showed that, in
47 patients who had cardiac metastasis at autopsy, the most frequently
observed premortem ECG abnormalities were ST-T wave changes sug-
gestive of myocardial ischemia or injury [19 patients (40%)], but ST ele-
vation was found only in 2 patients (4% of 47 cases of cardiac
metastasis). In the present case, ST-segment elevation in leads II, III,
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Fig. 3. Autopsy findings of the heart. White arrows show a tumor metastasis in the cross-section of the left ventricle.
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and aVF suggesting inferior acute myocardial infarction was observed,
consistent with the location of metastatic cardiac tumor. In fact, a previ-
ous report described the case of acute myocardial infarction from total
occlusion of the coronary artery via invasion or direct compression by
a metastatic tumor [5]. In this case, however, there was no significant
stenosis or occlusion in the right coronary artery or the left circumflex
artery whichwas the lesion expected as a culprit for inferiormyocardial
infarction. In addition, no significant increase in serum creatinine kinase
was observed during follow-up, in spite of persistent ST-segment eleva-
tion in the same leads. Therefore, it was concluded that the abnormal
ST-segment elevation in this patient was not a manifestation of acute
myocardial infarction. The mechanism of ST-segment elevation in me-
tastatic cardiac tumor cases without coronary artery occlusion is un-
clear, but transmural myocardial damage by tumor infiltration is
thought to be the cause of persistent ST-segment elevation without
the development of abnormal Q waves. Suggested mechanisms for
such pseudo-infarction ECG patterns are continuous myocardial injury
preventing formation of new cardiac cell membrane, stretched adjacent
muscle fibers, inflammatory reaction, and ionic transfer of potassium
from damaged tissue to the adjacent myocardium producing
electropotential differences [6,7].

Interestingly, the ST-segment elevation in the present case was ac-
companied by reciprocal ST-segment depression, which more mim-
icked acute myocardial infarction. A recent review article evaluating
176
case reports of metastatic cardiac tumors revealed that only a limited
number of cases had reciprocal ST-segment depression in 36 patients
with electrocardiographic ST-segment elevation [8]. Cheon et al. [6]
have shown that possible mechanisms of coexisting ST-segment de-
pression are pure electrical phenomena with ST-segment elevation,
constant compression of the coronary arteries with resulting ischemia,
and combined coronary artery disease. In the present case, pure electri-
cal phenomenon was thought to be the most plausible mechanism for
persistent ST-segment depression because there was no severe stenosis
or occlusion in coronary arteries of the patient.

PET has the advantage of high sensitivity in identifying cancerous
tissues at an early stage, and in fact 18F-FDG PET-CT has been reported
to be useful for early diagnosis of cardiac metastasis [9]. In the present
case, even six months before the tumor was pointed out by echocardi-
ography, abnormal FDG accumulationwas observed in the left ventricle,
suggesting the possibility of cardiac metastasis. At that point, how-
ever, the patient had no chest symptoms and no mass could be
found by chest CT or transthoracic echocardiography. Cardiac mag-
netic resonance imaging (MRI) is known to be a superior modality
for evaluating pericardial disease and cardiac masses because of its
unmatched capacity for tissue characterization and high spatial res-
olution. In fact, a case report showed that MRI permitted the diagno-
sis of cardiac metastasis of malignant melanoma which was not
made by echocardiography [10]. Taken together with these findings,
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MRI scan at the time that 18F-FDG PET-CT showed an abnormal accu-
mulation in the heart might have ensured an earlier diagnosis of me-
tastatic cardiac tumor in this case.

In conclusion, we experienced a rare case of cardiac metastasis of
lung cancer precisely mimicking ST-elevation myocardial infarction
with reciprocal ST-segment depression.When having found acutemyo-
cardial infarction-like ECG changes in a cancer-bearing patient, physi-
cians should be aware of the possibility of cardiac metastasis and
multimodality imaging including PET-CT and MRI probably plays a piv-
otal role in the diagnosis of metastatic cardiac tumor.
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