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drome of transient and acute left ventricular dysfunction caused by
emotional and physiological stressors. Due to a variety of complica-
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Background tion of myocardial markers. Therefore, it is hard to distinguish
it from the Acute Coronary Syndrome (ACS). TTC currently com-
prises around 1-2% of all the patients suspecting acute coronary
syndrome each year [3]. As a self-limiting disease, TTC patients’
cardiac function usually recovers spontaneously within a few
weeks, whereas various complications can occur during the
acute phase, such as ventricular arrhythmia, acute heart fail-
ure, outflow tract obstruction, cardiac rupture, etc. When no

TTC was first reported in 1990 in Japan by Sato et al [1], which
is known as a syndrome of transient and acute Left Ventricular
(LV) systolic dysfunction caused by emotional and physiological
stressors [2]. Clinically, the main manifestations are chest pain,
Electrocardiogram (ECG) abnormalities (ST-segment elevation,
T-wave inversion, QT interval prolongation), and mildly eleva-
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significant stenosis is found during coronary angiography and
echocardiography shows mid-to-apical wall motion abnormal-
ity in patients presenting with ACS, the TTC diagnosis should be
considered seriously.

An increasing emphasis is put on the value of multimodality
imaging in TTC, especially Cardiovascular Magnetic Resonance
(CMR) and coronary Computed Tomography Angiography
(CCTA). However, the role of radionuclide myocardial imaging
is rarely mentioned. Myocardial rest perfusion and glucose
metabolism imaging can help to figure out the mechanism of
TTC, particularly the aspect of microvascular dysfunction [4]. In
this case, we presented a 52-year-old man who diagnosed with
TTC and characterized the radionuclide myocardial imaging in
detail. We found radionuclide myocardial imaging can be non-
invasively applied for clinical decision-making and prognostic
evaluation of TTC.

Case presentation

A 52-year-old male presented to the community hospital due
to the paroxysmal chest tightness and shortness of breath. The
biochemical examination showed Creatine Kinase (CK) 75 U/L
(38-174 U/L), Creatine Kinase-MB Isoenzyme (CK-MB) 14.1 U/L
(0-24 U/L), N-terminal pro-B-type Natriuretic Peptide (NT-pro
BNP) 2488 pg/mL (0-300 pg/mL) at that time. The ECG showed
T-wave inversion in the leads Il, lll, aVF, V5-V6 and the echocar-
diography showed LV generalized dyskinesia. Since the patient’s
sick condition, he was referred to our hospital. The patient had
a history of hypertension for 5 years, diabetes for 4 years, hy-
perlipemia for 2 years, and he failed to follow advice regarding
regular medication and supervision. The patient had a smoking
history of 20 cigarettes/day for 20 years. No obvious abnormal-
ity was found in the physical examination. The patient had a
normal blood routine examination and Erythrocyte Sedimenta-
tion Rate (ESR). A series of cardiacbiomarker were collected at
admission: high-sensitivity cardiac troponin | (hs-cTNI) 4.1 pg/
mL (0-19.8 pg/mL), CK 41 U/L (50-310 U/L), CK-MB 0.7 ng/mL
(0.6-6.3 ng/mL), B-type Natriuretic Peptide (BNP) 142 pg/mL
(0-100 pg/mL), NT-pro BNP 403 pg/mL (0-125 pg/mL), D-dimer
384 ng/ml (0-243 ng/ml). Echocardiography demonstrated the
typical ballooning of the apical segments, and hypokinesis of
the right ventricular free wall, the basal to mid segments of the
left ventricle inferior-posterior wall and all apical segments of
LV. The LV Ejection Fraction (LVEF) was only 25%.

The patient’s symptoms and past medical history suggested
that the patient might have unstable angina. Myocardial rest
perfusion and metabolism imaging were performed by means
of 99mTc-MIBI Single-Photon Emission Computed Tomography
(SPECT) and 18F-FDG Positron Emission Tomography (PET). The
myocardial rest perfusion indicated the left ventricular cav-
ity was enlarged and spherical remodeling apex, severely de-
creased perfusion of the apical segment, inferior wall regions
(including apical and mid), and mildly decreased perfusion of
basal segments (including inferior, posterior-lateral and ante-
rior wall) regions. The reduced perfusion area was about 32%
(Figures 1,3). The metabolic imaging indicated that besides the
basal segment of the posterior septal, inferior and posterior-
lateral wall, the distributions of the radioactivity of the remain-
ing segments were sparse (Figures 2,3). The basal segment of
the inferior and posterior-lateral wall (about 12%) showed a

pattern of perfusion/metabolism mismatch. And the uptake of
18F-FDG was markedly reduced relative to perfusion (Figure 3).
The LVEFs were 20% and 26% by semi-quantitative analysis of
99mTc-MIBI SPECT and 18F-FDG PET respectively. In addition,
except for the basal segment of the inferior and posterior-
lateral wall, the wall motion and thickening rate of the resting
LV segments were weakened. The hypoperfusion regions were
significantly smaller than the akinesia regions. Considering that
the patient had a large range of hibernating myocardium and
could benefit from revascularization, the patient underwent
coronary angiography. No significant stenosis was observed
during coronary angiography.

An in-depth history of the patient’s emotional state demon-
strated that a sudden illness of his family member was identified
as his emotional stressor. The possibility of a diagnosis of TTC
should be considered. During the admission, beta-blocker and
sacubitril/valsartan were applied to meliorate the ventricular
remodeling, digoxin to enhance cardiac output, and nicorandil
to improve microcirculation. Furosemide and spironolactone
were applied for diuresis. Other therapies included antiplatelet,
antihypertension, lipid-lowering and glucose-lowering therapy.
Diazepam was also given to improve sleep quality. Thereafter,
the symptoms were relieved and the patient was discharged 15
days following admission.

Figure 1: **mTc-MIBI SPECT (Baseline). The baseline *mTc-MIBI

SPECT showed severely decreased perfusion of the apical seg-

ment, inferior wall regions (including apical and mid), and mildly

decreased perfusion of basal segments (including inferior, posteri-
or-lateral and anterior wall) regions.

Figure 2: ¥F-FDG PET (Baseline). The baseline'®F-FDG PET indicat-

ed that besides the basal segment of the posterior septal, inferior

and posterior-lateral wall, the distributions of the radioactivity of
| the remaining segments were sparse.
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Figure 3: The bullseye plots (Baseline). The baseline bullseye plots
showed a pattern of perfusion/metabolism mismatch in the basal
segment of the inferior and posterior-lateral wall (about 12%). And
the uptake of 18F-FDG was markedly reduced relative to perfusion.
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The patient was closely followed up. The stressor disap-
peared in the half-month and the symptoms improved remark-
ably 1 month after discharge. He completed an outpatient visit
after 6 months. The ECG showed the T-wave reinversion in the
leads Il, 1ll, a VF. The echocardiography showed the structure
and function of the heart were fully restored. The LVEF byecho-
cardiography increased from 25% to 60%. The patient repeated
radionuclide myocardial imaging. The myocardial rest perfusion
imaging indicated that the area of perfusion deficit decreased
from 32% to 15% (Figure 4,6). The myocardial metabolism im-
aging indicated that except for the apical segment of the infe-
rior wall, the tracer distribution of the rest segments returned
to normal (Figure 5,6). The LVEFs by 99mTc-MIBI SPECT and 18F-
FDG PETsemi-quantitative analysis increased from 20% to 57%,
and 26% to 57%, respectively. The regional wall motion and wall
thickening rate were significantly improved.

Figure 4: **mTc-MIBI SPECT (Follow-up). The follow-up 99mTc-MIBI
SPECT indicated that the area of perfusion deficit decreased from

/

Figure 5: ®F-FDG PET (Follow-up). The follow-up 18F-FDG PET in-
dicated that except for the apical segment of the inferior wall, the

| 32%to 15%. )
\

g N\

\ tracer distribution of the rest segments returned to normal. )
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Figure 6: The bullseye plots (Follow-up). The follow-up bullseye
plots showed the reversible perfusion-metabolism pattern of ra-
\ dionuclide myocardial PET imaging. )
N

Discussion and conclusion

The Mayo Clinic Criteria have been the most commonly ap-
plied for TTC diagnosis [5]. The followings should be satisfied:
(1) Transient hypokinesia, akinesis, or dyskinesis of the LV mid-
segment, with or without apical involvement; the regional wall
motion abnormalities extend beyond a single epicardial vascu-
lar distribution; a physical or emotional stressor is often, but not
always present. (2) No obstructive coronary artery disease or
angiographic evidence of acute plaque rupture. (3) New-onset
ECG abnormalities (either ST-segment elevation and/or T-wave
inversion) or modest elevation of cardiac troponin. (4) No pheo-
chromocytoma or myocarditis.

The patient had a definite stressor and ECG showed that
there was a new-onset T-wave inversion in the inferior wall
leads. No obvious stenosis was found during coronary angiog-
raphy. But there was an extensive area of abnormal ventricular
wall motion according to radionuclide myocardial imaging and
echocardiography. He had neither past history of pheochromo-
cytoma nor evidence of myocarditis such as recent infection,
elevated levels of leukocytes or myocardial markers. The final
diagnosis was TTC according to Mayo criteria.

A matched, mismatched, or reverse mismatched perfusion-
metabolism pattern can occur in patients with TTC. Jelena R.
Ghadri etal [6] performed 13N-NH3myocardial perfusion and
18F-FDG myocardial metabolism imaging in a patient with TTC
and found not only the systolic dysfunction in the apical and
mid-segment of the LV, but also a simultaneous matched perfu-
sion/metabolism pattern in the same regions. The hyperemic
Myocardial Blood Flow (MBF) and Coronary Flow Reserve (CFR)
were globally decreased. After 3 months, the PET/CT-follow-up-
study documented full recovery. They believed microvascular
dysfunction plays an important role in TTC. Mauro Feola et al [7]
identified a significant inverse metabolism perfusion mismatch
by performing 13N-NH3 myocardial perfusion and 18F-FDG
myocardial metabolism imaging in three women who were ex-
periencing the acute phase of TTC. And the apical segment CFR
decreased to a great extent. It suggested a transient metabolic
disorder at the level of myocardial cellular and microvascular
dysfunction in the apical segment of LV.

By analyzing myocardial perfusion and metabolism imag-
ing, the hibernating myocardium can be identified if the perfu-
sion and metabolism are mismatched. It can also be judged by
evaluating the abnormalities area between regional wall mo-
tion and myocardial perfusion. By accessing whether hibernat-
ing myocardium exists and the area of it, clinical decisions and
prognosis evaluation can be made consequently. The patient
underwent radionuclide myocardial imaging which indicated
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various segments had a mismatched perfusion/metabolism
pattern. Meanwhile, the LV function quantitative analysis con-
cluded the range of perfusion defected was smaller than that of
dysfunction. Hence, the existence of a large area of hibernating
myocardium could be deduced, which means the patient might
have a favorable prognosis. Considering there was no significant
epicardial stenosis, the microvascular dysfunction might play a
key role in the development of the patient’s condition.

The radionuclide myocardial imaging also indicated the pa-
tient had reduced uptake of 18F-FDG, whereas normal or slight-
ly impaired uptake of 99mTc-MIBI.The same phenomenon was
also reported in other case reports [8,9]. A series of animal tri-
als [10,11] have demonstrated that high-dose catecholamines
could depress glucose uptake in rat heart. Alpha-1 adrenore-
ceptor could be simulated by norepinephrine, which might play
an important role in the ischemia-mediated increase in glucose
transporter trafficking. Therefore, Yoshida et al [12] speculat-
ed that a metabolic disorder caused by catecholamine surging
could be one of the pathogenesis of this condition.

After a comprehensive assessment, an appropriate clinical
decision emerged subsequently: Beta-blocker was given to al-
leviate the toxic effects of catecholamine; Nicorandil to ame-
liorate microcirculatory disturbance; Diazepam to improve
sleep quality; the rest treatments were as described above.
The symptoms improved remarkably 1 month after discharge.
After 6 months, the echocardiography showed the structure
and function of the heart were fully restored. The myocardial
rest perfusion/metabolism imaging and regional wall motion/
thickening rate were all significantly improved. The reversible
radionuclide myocardial imaging further affirmed our diagnosis
and the plausibility of the treatment scheme.

In this case, we find that LV function quantitative analysis
with myocardial perfusion and metabolism, radionuclide myo-
cardial imaging can be non-invasively applied for clinical deci-
sion-making and prognostic evaluation of TTC. However, further
studies are still needed to confirm its clinical utility and poten-
tial replication.
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