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Abstract

Cardiac ischemia with a normal coronary angiogram
can be caused by coronary microvascular dysfunction.
A favorable prognosis, with excellent long-term clini-
cal outcome, without major acute coronary events,
has been consistently reported in these patients. We
report a patient with a normal coronary angiogram
and 3 episodes of myocardial infarctions, where the
formation of a ventricular aneurysm and progressive
deterioration of left ventricular function was docu-
mented, and hypoperfusion of the myocardium was
confirmed by cardiovascular magnetic resonance im-
aging. This case suggests that myocardial ischemia
caused by coronary microvascular dysfunction could
have a poor prognosis. Whether this case represents
a special clinical condition which is between the car-
diac syndrome X and coronary artery disease remains
to be investigated.

© 2012 Baishideng. All rights reserved.

Key words: Coronary angiogram; Myocardial ischemia;
Myocardial infarction; Microvascular dysfunction; Ven-
tricular aneurysm

(4 9

Boichidongs  WIC | www.wjgnet.com

130

Peer reviewers: Tommaso Gori, MD, PhD, II Medizinische
Klinik, Universitdtsmedizin der Johannes Gutenberg Universitats
Mainz, 55131 Mainz, Germany; Nipon Chattipakorn, MD, PhD,
Professor, Cardiac Electrophysiology Research and Training
Center, Faculty of Medicine, Chiang Mai University, Chiang
Mai 50200, Thailand

Feng QZ, Cheng LQ, Li YF. Progressive deterioration of left
ventricular function in a patient with a normal coronary angio-
gram. World J Cardiol 2012; 4(4): 130-134 Available from:
URL: http://www.wjgnet.com/1949-8462/full/v4/i4/130.htm
DOI: http://dx.doi.org/10.4330/wjc.v4.i4.130

INTRODUCTION

It has been demonstrated that myocardial ischemia or
infarction is the result of a decrease or interruption in
the blood supply to the myocardium due to coronary at-
tery disease. However, in some patients with myocardial
ischemia or infarction, the coronary artery angiogram is
completely normal, and a favorable prognosis, with an
excellent clinical outcome at long-term follow-up, with-
out major acute coronary events, has been reported'’.
Myocardial infarction with an absolutely normal coro-
nary angiogram is also rarely complicated by ventricular
aneurysm". Here, we report a case of a patient with a
normal coronary angiogram and 3 episodes of myocar-
dial infarction (MI), formation of a ventricular aneu-
rysm, and progressive deterioration of the left ventricu-
lar function.

CASE REPORT

A 67-year-old woman with 28 years of recurrent chest
pain was admitted to hospital after 20 d of shortness of
breath.

At the age of 39 years, she was diagnosed of an acute
anterior wall MI based on her symptoms, typical evolu-
tion of ST-T abnormalities and elevation of cardiac
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Figure 1 Electrocardiogram and single-photon emission computed to-
mography. A: Electrocardiogram in 1993; B: Electrocardiogram in 2007; C:
Single-photon emission computed tomography myocardial perfusion image
scan shows defects in the anterolateral wall and the apex, and hypoperfusion at
the inferiolateral wall.

enzymes. At that time, chest pain was induced by severe
emotional stress, associated with radiation to the left
shoulder, and heavy sweating, and was not relieved by ni-
troglycerin. The patient was hospitalized and treated ac-
cordingly. After discharge, she suffered from chest pain
once or twice a week, relieved by rest or nitroglycerin.
Again, 7 years and 11 years later, the patient had an acute
anterior wall MI presenting as severe chest pain during
sleep. In the third hospitalization, an echocardiogram
revealed an anterior wall ventricular aneurysm. After dis-
charge, chest pain occurred 3-5 times during the day, and
occasionally at night. Each episode lasted 10-30 min, and
symptoms could be relieved by rest or nitroglycerin. One
year after the third MI, at the age of 53, she was hospi-
talized because of shortness of breath on exertion. An
electrocardiogram (ECG) showed an old anterior wall
infarction with right bundle branch block (Figure 1A);
there was also evidence of mild enlargement of the left
ventricle, and an ejection fraction of 50%. Cardiac cath-
eterization was performed for coronary intervention, but
the coronary angiogram indicated an absolutely normal
coronary artery, and the left ventriculogram showed a
left anterior ventricular aneurysm. The left ventricular
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end diastolic pressure was normal at 10 mmHg. Since
then, she has been stable with intermittent chest pain
until 13 years later. Last year, her condition gradually de-
teriorated, and 20 d after she began to have shortness of
breath after light activity, with mild chest pain (relieved
by rest) and ankle edema, she was hospitalized again for
further treatment.

She had no history of smoking, diabetes mellitus,
hypetlipidemia, hypertension, coagulation disorders, oral
contraceptive use, or cocaine abuse.

On physical examination, there was no jugular ve-
nous distention. Auscultation revealed a soft first heart
sound. No murmur was heard at the cardiac apex. The
resting ECG showed sinus rthythm with an old anterior
wall MI and right bundle branch block, and more de-
pression of ST segment in V1-3 leads when compared
with the previous ECG taken when she was 53 years of
age (Figure 1B). Echocardiography revealed a ventricular
aneurysm at the apex and anterolateral wall with systolic
bulging, mild mitral, aortic, and pulmonary regurgita-
tion, and generalized hypokinetic wall motion. The left
ventricular ejection fraction (LVEF) was 27% by echo-
cardiography. Resting single-photon emission computed
tomography myocardial perfusion imaging showed
fixed defects in the anterolateral wall and the apex, and
hypoperfusion at the inferiolateral wall (Figure 1C). All
laboratory examinations, including biochemical and se-
rological tests, showed no evidence of MI, and pro-brain
natriuretic peptide was 943.8 pg/ml..

She was diagnosed with coronary heart disease, un-
stable angina pectoris, old myocardial infarction compli-
cated with ventricular aneurysm, and congestive heart
failure (New York Heart Association class Ill). For fur-
ther coronary intervention, cardiac catheterization was
performed and showed normal coronary arteries. A left
ventriculogram showed aneurysms with systolic bulging
in the apex and anterolateral wall and mild mitral regur-
gitation. LVEF was 22.5% (Figure 2).

For resolution of the clinical dilemma of recurrent
MI in the normal coronary artery, cardiovascular mag-
netic resonance imaging (CMRI) was performed on a
1.5-T Signa Excite HD MR Scanner (GE Healthcare
Systems). First-pass perfusion imaging was obtained
using a segmented echo-planar imaging pulse sequence
with a notched saturation pulse”. All perfusion images
were acquited in the short-axis orientation only. The
maximum number of slices was limited by heart rate.
Gadolinium-diethylenetriamine pentaacetic acid (God-
DTPA) was delivered at a rate of 4 mL/s using a power
injector, with a total volume of 0.1 mmol/kg body
weight. Delayed-enhancement images were obtained ap-
proximately 10 min after injection of intravenous God-
DTPA using a segmented inversion recovery prepared
fast gradientecho sequence'”.

Images of the myocardium at peak myocardial en-
hancement during the first pass of gadolinium showed
diffuse hypoperfusion of the myocardium, especially
the subendocardium and anterolateral wall (Figure 3A).
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Figure 2 Coronary artery angiogram and left ventriculo-
gram. A: Right anterior oblique (RAO) projection shows normal
left anterior descending artery and left circumflex artery; B: Left
anterior oblique projection shows normal right coronary artery;
C: RAO projection shows the silhouette of the left ventricle at
end diastole; D: RAO projection shows the silhouette of the left
ventricle at end systole; the wall motion analysis at the top right
shows aneurysms with systolic bulging in the apex and antero-
lateral wall.

Figure 3 Cardiovascular magnetic resonance imaging. A: Images of the myocardium at peak myocardial enhancement during the first pass of gadolinium shows
the perfusion defect (decreased perfusion) in the subendocardium of the mid-inferior wall, posterior-lateral wall, posterior-septal wall and anterolateral wall of the myo-
cardium (white arrows); B, C: Delayed contrast-enhanced images show transmural hyperenhancement in the apical anterior, mid-anterior, mid-septum, basal-anterior
wall (white arrows), and mid myocardial hyperenhancement in the inferior wall. The black arrows show delayed contrast enhancement in the subendocardium.
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Delayed contrast-enhanced images showed transmural,
subendocardial, and intramural enhancement in different
segments of the left ventricle, especially in the anterior
wall (Figure 3B and C).

DISCUSSION

Ischemialinfarction in patients with a normal coronary
artery angiogram

Myocardial ischemia/infarction with a normal coronary
angiogram is commonly characterized by coronary mi-
crovascular dysfunction, coronary spasm and coronary
embolism with subsequent spontaneous clot lysis',
retraction, or recanalization”, Only effort angina a with
normal coronary artery angiogram and no other cardiac
or systemic diseases (for example, hypertension or diabe-
tes) known to influence vascular function was called car-
diac syndrome X (CSX), which is believed to be caused
by coronary microvascular dysfunction!”). Recurrent
myocardial ischemia or infarction with a normal coro-
nary angiogram, which constitutes approximately 1% of
patients with documented MIY, s thought to be caused
by coronary spasm, acquired or inherited coagulation
disorders, toxic conditions, or embolization'". Myocardi-
al infarction with absolutely normal coronary angiogram
usually has a good prognosis“’sl, and is rarely compli-
cated by left ventricular aneurysm. It was reported that
the incidence of left ventricular aneurysm in MI with
absolutely normal coronary angiogram was 0.47%". The
present case with 3 episodes of MI associated with left
ventricular aneurysm and absolutely normal coronary
angiogram has not previously been reported.

Those patients exhibiting MI with a normal coronary
angiogram tend to be young and to have relatively few
coronary risk factors such as hypertension, hyperlipopro-
teinemia, or diabetes, except that they often have a histo-
ry of cigarette smoking, The onset of acute MI in these
patients was usually abrupt and without prodromes, and
subsequent angina and reinfarction was rare!™”, Coro-
nary spasm was considered as one of the reasons. It has
been shown, however, that patients with angina caused
by spasm of normal coronary arteries have a distinctive
clinical pattern characterized by recurrent, usually noc-
turnal, attacks of chest pain, with ST segment elevation
on the ECG". The angina in CSX, which is believed to
be caused by microvascular dysfunction, is characterized
by recurrent, usually exertional, chest pain and ST seg-
ment depression in the ECG.

MRI in detection of myocardial ischemia

In recent years, CMRI has been used for the detection
of myocardial ischemia or infarction because of its high
spatial resolution and diagnostic accuracy. First-pass pet-
fusion CMRI has been used for the assessment of myo-
cardial perfusion. With the first-pass perfusion CMRI
technique, some patients with CSX were found to have
stress-induced subendocardial perfusion defects on visu-
al inspectionlm’llj. Delayed contrast-enhanced CMRI has
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been shown to be a powerful technique to distinguish
left ventricular systolic dysfunction related to coronary
artery disease (CAD) from other heart diseases"™. The
patients with left ventricular dysfunction resulting from
CAD were reported to have subendocardial or transmu-

ral enhancement in delayed contrast-enhanced CMRI™.

Special findings in this patient

This patient had the first episode of MI at the age of 39
years, without prodromes. Since then, she had recurrent
angina and the second and the third MI in the span of
14 years. In the third episode of MI, the left ventricular
aneurysm was complicated. Her left ventricular func-
tion gradually deteriorated. She had no risk factors. Two
coronary angiograms, 1 and 16 years after the third epi-
sode of MI showed absolutely normal coronary arteries.
However, CMRI revealed a diffuse hypoperfusion of the
myocardium. This was different from the normal fea-
tures of MI with a normal coronary angiogram. Three
episodes of anterior wall MI disclosed that each attack
of MI did not result in a large area of necrosis of the
anterior wall of the myocardium. The intramural and
transmural enhancement in different segments of the
left ventricle, including the anterior wall, in a delayed
contrast-enhanced image of CMRI demonstrated the
feature of focal myocardial necrosis. Coronary spasm
complicated with embolism and subsequent spontane-
ous clot lysis was reported to result in MI with a normal
coronary angiogram[sl. This patient had both rest and
nocturnal chest pain, which suggest coronary spasm.
However, microvascular dysfunction was actually in-
volved in the myocardial ischemia. Though evaluation
of endothelial function and sophisticated tests such as
intravascular ultasound and coronary or myocardial flow
reserve were not performed in this patient, both the
clinical presentation and the results of CMRI suggested
that the recurrent myocardial ischemia and infarction
were, at least to some extent, attributable to coronary
microvascular dysfunction.

Recurrent effort angina, a normal coronary angio-
gram, microvascular dysfunction, and good prognosis
were believed to be features of CSX!. All studies on
patients with CSX before the Women’s Ischemia Syn-
drome Evaluation (WISE), reported an excellent clinical
outcome at long-term follow-up, with a total absence
of major acute coronary events (that is, cardiac death
or acute MI)!"”. However, WISE showed that women
with ischemic symptoms and signs but without obstruc-
tive CAD were at elevated risk for cardiovascular events
compared with asymptomatic community-based wom-
en'", This patient was characterized by having a normal
coronaty angiogram, microvascular dysfunction, recur-
rent rest angina, infarction, and progressive deterioration
of left ventricular function, which supports the results
of WISE. Progressive deterioration of left ventricular
function in patients with a normal coronary angiogram
may be mainly caused by extensive microvascular dys-
function, resulting in poor long-term prognosis because
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of many patches of myocardial hibernation, necrosis
and left ventricular remodeling; coronary vasospasm
might also be involved in the process. Whether this case
represents a special clinical condition which resides be-
tween CSX and CAD remains to be investigated.
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