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Metabolic evidence of myocardial stunning in
takotsubo cardiomyopathy: A positron emission
tomography study
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Several case studies of acute transient left ventric-
r apical ballooning without significant coronary
ry disease (takotsubo cardiomyopathy) have been
orted.1-5 The pathophysiologic mechanism of this
drome is believed to be related to catecholamine-
uced stunning of the apical myocardium. Definitive
of, however, is lacking.
Here we report a case of transient apical ballooning

which metabolic imaging with positron emission
ography (PET) revealed profoundly reduced fluo-
-18 fluorodeoxyglucose (FDG) uptake in the bal-

ned apical wall with relatively normal perfusion, a
ern consistent with myocardial stunning. This perfu-
-metabolism pattern normalized, as did contractility.
Case report. A 52-year-old white woman pre-

ted to the emergency department 8 hours after the
te onset of chest pain and shortness of breath.
ptoms started and then waxed and waned after an
tional argument with her husband. She denied to-

co, alcohol, or drug use. Her past medical history was
y significant for hyperlipidemia, for which she had
n taking atorvastatin. On arrival, her blood pressure
77/50 mm Hg and her heart rate was 88 beats/min.

ular venous distension was appreciated in the sitting
ition, and respiratory crackles were heard bilaterally.
murmurs, rubs, or gallops were appreciated. The
trocardiogram revealed mild ST elevation in leads II,
and aVF with diffuse T-wave inversion and QT

longation (Figure 1). A chest radiograph was consis-
with bilateral pulmonary parenchymal congestion.

ergent coronary angiography revealed normal coro-
y arteries. Left ventriculography showed distal ante-
, apical, and distal inferior akinesis with hyperkinesis
the remaining walls (Figure 2). The level of serum
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onin I was mildly elevated at 0.64 ng/mL. In the
te phase, the patient displayed hemodynamic insta-
ty, requiring intraaortic balloon counter pulsation to
ntain adequate perfusion. Over the next 3 days, she
wed a marked clinical improvement with resolution
eart failure. On hospital day 6, she underwent PET

nning with rubidium-82 to assess resting perfusion
with F-18 FDG, after oral glucose loading, to assess
abolism.
Perfusion imaging revealed a moderate perfusion

ect involving the distal anterior and apical wall.
tabolic imaging revealed severely reduced F-18 FDG
ake in a large area of the mid to distal anterior,
roseptal, apical, and inferoapical walls (Figure 3).
extent of the metabolic defect was much larger and

re severe than the perfusion abnormality. The patient
discharged on hospital day 8 on medical therapy.

ocardiography was repeated 3 months later and
wed normalization of left ventricular wall motion.
eat PET imaging revealed marked improvement of

ocardial F-18 FDG uptake in the anteroapical and
roapical walls (Figure 3).
Discussion. To our knowledge, this is the first

e report of acute transient apical ballooning without
onary artery stenosis, so-called takotsubo cardiomy-
thy, in which acute and follow-up evaluation of the
ocardial metabolism by use of PET was performed.

Takotsubo cardiomyopathy is characterized by (1) a
ersible balloon-like left ventricular apical wall motion
ormality with hypercontraction of the basal segments,
chest pain and ST-T–segment abnormalities on the
trocardiogram mimicking acute myocardial infarc-
, (3) minimal evidence of epicardial coronary artery
osis, (4) induction by physical and emotional stress,
(5) a favorable prognosis.6 Because this apical wall

tion abnormality has been demonstrated to be revers-
clinically, focal stunning of the myocardium has

n proposed as the underlying condition in this disor-
.4,5 However, there is little pathophysiologic evidence
upport this claim.
Braunwald and Kloner7 originally described stunned

ocardium as “prolonged, postischemic dysfunction of
le tissue salvaged by reperfusion.” This phenomenon



is th
cha
glu
Tra
per
met
men
red
sub
sion
al13

mis
nor
stun
cos
One
met
the
path

to c
cati
to t

role
tako
sus
ing
the
mo
dro
ball
(MI
(BM
hig
the
my

cha

Journal of Nuclear Cardiology Obunai et al 743
Volume 12, Number 6;742-4 Metabolic evidence of myocardial stunning in takotsubo cardiomyopathy
ought to be a form of reperfusion injury.8 Metabolic
nges in stunned myocardium, including alterations in
cose and fatty acid uptake, have been studied.9-14

nsiently reduced glucose utilization, despite normal
fusion, is considered by multiple investigators as the
abolic state of stunned myocardium. In an experi-
tal dog model, Di Carli et al12 showed a prolonged

uction of F-18 FDG uptake in stunned myocardium
jected to multiple cycles of ischemia and reperfu-
—so-called repetitive stunning. Perrone-Filardi et
first described reverse perfusion-glucose metabolism

match (reduced F-18 FDG uptake with relatively
mal resting blood flow) in patients with repetitive
ning. The precise mechanism for this reduced glu-

e uptake in stunned myocardium remains unknown.
possible explanation may be that shifting levels of

abolites after ischemia and reperfusion may decrease
activity of key regulatory enzymes of the glycolytic
way.15 Another possibility is that reduced sensitivity

Figure 1. Electrocardiogram on presentation to
elevation in leads II, III, and aVF with diffuse T-

Figure 2. Left ventriculogram during diastole (A
and distal inferior akinesis with hyperkinesis of t
alcium in stunned myocardium may inhibit translo-
on of glucose transporter-4 from an intracellular pool
he sarcolemma, thus decreasing glucose uptake.16

Radionuclide imaging has been playing an important
in understanding the underlying pathophysiology of
tsubo cardiomyopathy. Although there is no consen-
as to the mechanism responsible for apical balloon-

, catecholamine toxicity due to intense activation of
sympathetic nervous system has been proposed as the
st likely cause of myocardial stunning in this syn-
me.4-6 Owa et al17 studied 4 patients with apical
ooning using iodine 123 metaiodobenzylguanidine
BG), I-123 �-methyl-iodophenyl-pentadecanoic acid
IPP), and thallium 201 and found that MIBG had the

hest defect scores, suggesting that the disturbance of
sympathetic innervation and catecholamine-mediated
ocardial injury may be central in this disorder.

To date, only a few studies evaluating the metabolic
nges in takotsubo cardiomyopathy have been re-

ency department demonstrating mild ST
inversion and QT prolongation.

ystole (B) showing distal anterior, apical,
aining walls.
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ted. Kurisu et al18 assessed myocardial fatty acid
abolism in 14 patients with takotsubo cardiomyopa-
using BMIPP and found that myocardial fatty acid
abolism is more severely impaired than myocardial
fusion. Taken together, the findings of the studies by
a et al17 and Kurisu et al and the findings in this
ort suggest that, in takotsubo cardiomyopathy, metab-
m is uniformly reduced out of proportion to perfu-
.
In conclusion, we report a case of takotsubo cardio-

opathy in which markedly reduced FDG uptake rela-
to perfusion was observed acutely, which resolved at

ow-up, suggesting that myocardium stunning is the
erlying condition of this syndrome.

ure 3. A, Myocardial PET images on hospital day 6
wing moderate perfusion defect involving distal anterior
apical wall. Metabolic images revealed severely reduced

8 FDG uptake in a large area of the mid to distal anterior,
roseptal, apical, and inferoapical walls. Polar map images
row) demonstrated a large area of metabolic defect out of
ortion to perfusion. B, Repeat PET images 3 months later

wing marked improvement of myocardial F-18 FDG uptake
he anteroapical and inferoapical walls.
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