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INTRODUCTION

TAKOTSUBO CARDIOMYOPATHY (transient left ventricular
apical ballooning) is a heart syndrome with an acute onset
defined in Japan by chest symptoms, ST segment eleva-
tion on electrocardiograms, transient balloon-like asyn-
ergy in the apical regions with hyperkinesis in the basal
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We compared Takotsubo cardiomyopathy (transient left ventricular apical ballooning) with acute
myocardial infarction (AMI) using two-dimensional echocardiography, 99mTc-tetrofosmin, 99mTc-
PYP, 123I-BMIPP and 123I-MIBG myocardial SPECT. Methods: We examined 7 patients with
Takotsubo cardiomyopathy and 7 with AMI at the time of emergency admission (acute phase), and
2–14 days (subacute phase), one month (chronic phase), and 3 months (chronic II phase) after the
attack. The left ventricle was divided into nine regions on echocardiograms and SPECT images, and
the degree of abnormalities in each region was scored according to five grades from normal (0) to
severely abnormal (4). Results: Coronary angiography showed the absence of stenotic regions in
patients with Takotsubo cardiomyopathy, and severely stenotic and/or occlusive lesions in patients
with AMI. The total ST segment elevation on electrocardiograms (mm) was 7.8 ± 3.7 in those with
Takotsubo cardiomyopathy, and 7.3 ± 3.9 in patients with AMI. Abnormal wall motion scores on
echocardiograms were 14.2 ± 4.6, 4.7 ± 4.0, 1.7 ± 2.0 and 0.5 ± 0.4 during the acute, subacute,
chronic and chronic II phases, respectively, in patients with Takotsubo cardiomyopathy, and 14.0
± 4.3, 11.4 ± 3.9, 8.8 ± 3.6 and 5.2 ± 4.8 in those with AMI. Abnormal myocardial perfusion scores
on 99mTc-tetrofosmin images were 11.8 ± 3.5, 3.2 ± 3.0, 0.5 ± 1.2 and 0.2 ± 0.4 during the acute,
subacute, chronic and chronic II phases, in patients with Takotsubo cardiomyopathy, and 16.2 ± 4.3,
13.9 ± 4.6, 7.9 ± 4.6 and 5.0 ± 4.5, respectively, in those with AMI. Abnormal myocardial fatty acid
scores on 123I-BMIPP images were 12.6 ± 3.7, 6.8 ± 3.2 and 0.4 ± 0.6 during the subacute, chronic
and chronic II phases, respectively, in patients with Takotsubo cardiomyopathy, and 16.5 ± 5.1, 14.7
± 4.8 and 7.5 ± 4.5 in those with AMI. Abnormal myocardial sympathetic nerve function scores on
123I-MIBG images were 14.8 ± 4.0, 8.8 ± 4.0 and 0.4 ± 0.6 during the subacute, chronic, chronic II
phases, respectively, in patients with Takotsubo cardiomyopathy, and 18.6 ± 6.5, 16.8 ± 6.8 and 12.9
± 5.2 in those with AMI. Myocardial 99mTc-PYP uptake was abnormal not only in patients with AMI
but also in those with Takotsubo cardiomyopathy during the acute phase. Conclusions: Takotsubo
cardiomyopathy might represent a stunned myocardium caused by a disturbance of the coronary
microcirculation.
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regions on left ventriculography, minimal myocardial
enzymatic release and no significant luminal narrowing of
the coronary arteries.1–5 Left ventriculography in this
syndrome reveals the shape of a Takotsubo, which is a
unique Japanese fishing pot with a round bottom and
narrow neck that is used for trapping octopus (octopus is
“tako,” and pot is “tsubo” in Japanese). Patients with
Takotsubo cardiomyopathy are usually misdiagnosed as
having acute myocardial infarction (AMI). Some reports
have documented this syndrome, but its causative mecha-
nism remains unknown.1–5 We previously compared
Takotsubo cardiomyopathy with AMI using 99mTc-
tetrofosmin (Nihon Medi-Physics Co., Nishinomiya,
Japan) myocardial single photon emission computed
tomography (SPECT) which can image myocardial blood
flow.6,7 The results of that study indicated that Takotsubo
cardiomyopathy might represent a stunned myocardium
caused by a disturbance of the coronary microcircula-
tion.8 The present study evaluates Takotsubo cardiomy-

opathy from the perspective of myocardial perfusion,
ischemic injury, fatty acid metabolism, and sympathetic
nervous function using 99mTc-tetrofosmin, 99mTc-pyro-
phosphate (PYP; Daiichi Radioisotope Laboratories, To-
kyo, Japan),9,10 123I-15-(p-iodophenyl)-3-R,S-methyl-
pentadecanoic acid (123I-BMIPP; Nihon Medi-Physics
Co., Nishinomiya, Japan)11,12 and 123I-metaiodobenzyl-
guanidine (MIBG; Daiichi Radioisotope Laboratories,
Tokyo, Japan).13,14

SUBJECTS

We examined 1,023 serial patients with suspected acute
coronary syndrome and 15 with Takotsubo cardiomyopa-
thy who satisfied the following criteria.

1)  Symptoms that resembled those of acute myocardial
infarction.

2)  Electrocardiograms showing ST segment elevation
or negative T waves in multiple leads.

Table 1-b   Clinical characteristics of patients with AMI

Case Gender/ Underlying ECG ST elevation
Level of Ejection Level of IVST/

No. Age disorder
Trigger event Symptoms

or Negative T
CK-MB Fraction (%) Norepinephrine PWT

(~25 IU/l) (acute/chronic) (~0.31 ng/ml) (7~11 mm)

1 M/72 Hypertension Playing golf Chest pain II, III, aVF, V2–5 278 46→53 0.41 10/9
Hyperlipidemia

2 M/81 Hypertension None Chest oppression II, III, aVF, V2–5 425 29→39 1.16 11/10

3 F/78 Hypertension Taking a bath Chest pain III, aVF, V3–6 169 49→60 0.47 12/10
Diabetes mellitus

4 M/57 Hypertension None Chest oppression III, aVF , V3–6 313 34→41 0.83 11/8
Hyperlipidemia Dyspnea

5 F/65 None None Chest discomfort II, III, aVF, V2–6 431 41→55 0.79 8/8
Dyspnea

6 M/69 Hypertension None Dyspnea II, III, aVF, V4–6 141 52→64 0.51 11/11
Diabetes mellitus

7 M/72 Hypertension Drinking Chest oppression II, III, aVF, V3–6 446 33→48 1.24   9/11

Table 1-a   Clinical characteristics of patients with Takotsubo cardiomyopathy

Case Gender/ Underlying ECG  ST elevation
Level of Ejection Level of IVST/

No. Age disorder
Trigger event Symptoms

or  Negative T
CK-MB Fraction (%) Norepinephrine PWT

(~25 IU/l) (acute/chronic) (~0.31 ng/ml) (7~11 mm)

1 F/70 None None Dyspnea II, III, aVF, V2–5 17 49→67 0.61 10/10
Chest discomfort

2 F/83 None Emotional stress (+) Chest oppression II, III, aVF, V1–5 69 40→76 0.30 10/9
Lumbago

3 F/57 None None Chest pain aVL, V1–5 27 38→68 0.38   8/8
4 M/65 Hypertension Emotional stress (+) Dyspnea I, II, III, aVL, V2–6 15 44→72 1.92 11/8

Traffic accident Chest oppression
5 F/78 Hypertension Emotional stress (+) Dyspnea II, III, aVL, V2–6 52 51→80 0.76   9/10

Hyperlipidemia Relation’s death Chest discomfort
6 M/67 Hypertension Emotional stress (+) Dyspnea II, III, aVR, V1–6 23 43→70 0.36 12/10

Diabetes mellitus Dispute Chest discomfort
7 F/68 Hypertension Emotional stress (+) Chest oppression II, III, aVL, V2–6 16 46→72 0.24 10/10

Hyperlipidemia Relation’s death
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3)  Apical ballooning akinesis and basal hyperkinesis
on left ventriculography and two-dimensional echocar-
diography during the acute phase.

4)  Absence of organic stenotic regions in the epicardial
coronary arteries, and spasms of epicardial coronary
arteries ruled out by ergonovine and/or acetylcholine
loading tests.

5)  Absence of underlying diseases causing apical
ballooning akinesis and basal hyperkinesis of the left
ventricle such as multiple coronary arterial spasms,4,15

subarachnoid hemorrhage or other cerebrovascular disor-
ders,16 pheochromocytoma,17 and Guillain-Barré syn-
drome.18

We also included 7 patients (5 females and 2 males;
mean age, 63.1 ± 7.1 years) from whom we could obtain
complete serial SPECT images. Historical review re-
vealed hypertension in 4 patients, hyperlipidemia in 3
and hepatic cirrhosis in one. Each of the 5 patients had
emotional or physical stress that was considered to have
triggered the Takotsubo cardiomyopathy as follows: death
of a relative, a dispute, severe lumbago, a traffic accident
as well as endoscopic retrograde and balloon occluded-
retrograde transvenous obliteration. We were unable to
identify any triggers in the other 2 patients (Table 1-a).

We also examined seven patients (2 females and 5
males; mean age, 68.3 ± 9.5 years) with acute myocardial
infarction who satisfied the following criteria:

1)  No history of myocardial infarction.
2)  Coronary angiography and 99mTc-tetrofosmin myo-

cardial SPECT performed within six hours after onset.
3)  Total and/or subtotal occlusion of the proximal

segment of the left anterior descending artery with no
other stenotic regions on coronary angiography.

4)  Hypoplastic right coronary artery, dominant left
anterior descending artery and inferior wall perfused by
the left anterior descending artery.

5)  Apical ballooning and basal hyperkinesis, like
Takotsubo cardiomyopathy, on left ventriculography and
two-dimensional echocardiography during the acute phase.

6)  Reperfusion after percutaneous transluminal coro-
nary angioplasty without complications.

7)  No restenosis during the chronic phase.
8)  Complete serial SPECT images were available.
Although there were many patients suspected of having

acute coronary syndrome, only a few of them met all of the
above criteria. Historical review revealed hypertension in
6 patients, hyperlipidemia in 2 and diabetes mellitus in 2.
None of the 7 patients had any apparent emotional or
physical stress that was considered to be a potential trigger
of AMI (Table 1-b).

All patients enrolled in this study provided written
informed consent to participate in all necessary proce-
dures.

METHODS

Protocol
Electrocardiography, blood tests, 99mTc-tetrofosmin myo-
cardial SPECT, two-dimensional echocardiography, coro-
nary angiography, left ventriculography and 99mTc-PYP
myocardial SPECT were performed sequentially upon
admission (acute phase). We also performed 99mTc-
tetrofosmin, 123I-BMIPP and 123I-MIBG myocardial
SPECT and two-dimensional echocardiography at 2–14
days (subacute phase), one month (chronic phase) and,
three months (chronic phase II) after the attack, as well as
left ventriculography during the acute and chronic phases.
We performed right ventriculography during the acute
and chronic phases, and contrast echocardiography two or
three days after the attack in 5 patients with Takotsubo
cardiomyopathy.

All patients were treated with an angiotensin convert-
ing enzyme inhibitor (Imidapril 5–10 mg/day) and a
potassium channel opener (Nicorandil 30 mg/day). Pa-
tients with acute myocardial infarction also received
aspirin (81 mg/day) and ticlopidin (100 mg/day).

Blood tests
We measured the MB fraction of creatine phosphokinase
(CK-MB) and the plasma norepinephrine concentration
every 6 hours starting immediately after admission until
48 hours after the attack.

99mTc-tetrofosmin myocardial SPECT
We performed emergency 99mTc-tetrofosmin myocardial
SPECT immediately before coronary angiography, and
during the subacute and chronic phases. The patients were
intravenously injected with 740 MBq of 99mTc-tetrofosmin.
SPECT images were acquired starting from 10 minutes
thereafter using a digital gamma camera 901A (Toshiba
Co., Tokyo, Japan) to which a low energy, high-resolu-
tion, parallel-hole collimator was attached. Data were
obtained from a 64 × 64 matrix in 32 directions, namely
every 6° between a left posterior oblique angle of 45°
and a right anterior oblique angle of 45°, and within 30
seconds per direction. The data were collected in an on-
line nuclear medicine data processor, GMS550U (Toshiba
Co., Tokyo, Japan), and the original images were recon-
stituted by smoothing at 5 points. Tomographic images
along the vertical long, horizontal long and short axes
were created using a Shepp & Logan filter. The threshold
level was 20% and absorption was not corrected. The
SPECT images of the left ventricle were divided into 9
semi-quantifiable segments. The short-axis slices were
separated into four segments at the basal and mid-ven-
tricular levels and the apical portion of one segment was
evaluated using vertical long-axis slices. Each segment
was visually graded by assigning scores between 0 and 4
(0, normal; 1, mildly; 2, moderately and 3, obviously
reduced uptake; 4, absent) by three experienced
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cardiologists who were blinded to other data from the
patients. Differences of opinion were resolved by consen-
sus. The sum of each score was defined as the total score
(TS), reflecting the severity of impaired myocardial per-
fusion (Fig. 1).

Two-dimensional echocardiography
We performed two-dimensional echocardiography in all
patients during the acute, subacute and chronic phases
using a Sonos 5500 device (Hewlett-Packard, CA, USA).
Tomographic images of the left ventricle obtained from
short axial images of the sternal left edge and long axial
images of the apex of the heart were divided into 9
segments. Each segment was visually graded using scores
between 0 and 4 (0, normal; 1, mild hypokinesis; 2,
moderate hypokinesis; 3, akinesis; 4, dyskinesis) in a
blinded manner by three experienced cardiologists.
Differences of opinion were resolved by consensus. The
sum of each score was defined as the total score (TS),
reflecting the severity of impaired left ventricular wall
motion (Fig. 1).

Coronary angiography
All patients underwent coronary arteriography during the
acute phase. Spasms of the epicardial coronary arteries
were ruled out in patients with Takotsubo cardiomyopa-
thy by ergonovine and/or acetylcholine loading tests

during the subacute or chronic phases.  Doses of 40 or 60
µg of ergonovine and of 50 or 100 µg of acetylcholine
were injected within 30 seconds into the right and left
coronary arteries, respectively. We ruled out restenosis
during the chronic phase in patients with acute coronary
syndrome.

Ventriculography
All patients underwent left ventriculography during the
acute and chronic phases, and the ejection fraction of the
left ventricle was calculated by the Simpson method. Four
patients with Takotsubo cardiomyopathy also underwent
right ventriculography during the acute and chronic phases.

99mTc-PYP myocardial SPECT
After ventriculography, we intravenously injected 370
MBq of 99mTc-PYP into all patients and obtained
99mTc-PYP SPECT images 2 hours later. The 99mTc-PYP
imaging conditions were the same as those for 99mTc-
tetrofosmin. The SPECT image of the left ventricle was
divided into 9 regions (Fig. 1), and uptake was graded in
each of them as 0, normal; 1, slight, 2 mild; 3, moderate
and 4, marked. The sum of each score was defined as the
total score (TS), reflecting the severity of myocardial
ischemic injury due to Ca2+ overload.

123I-BMIPP myocardial SPECT
Patients received an intravenous injection of 123I-BMIPP
(370 MBq) and we obtained images 15 minutes latter
using a collimator exclusively for 123I. The imaging con-
ditions were the same as for 99mTc-tetrofosmin, except
that the time spent for one direction was changed to 30
seconds. The SPECT image of the left ventricle was
divided into 9 regions (Fig. 1), and the degree of accumu-
lation in each region was expressed according to the 5
grades as described above. The sum of each score was
defined as the total score (TS), reflecting the severity of
impaired myocardial fatty acid metabolism.

123I-MIBG myocardial SPECT
Patients received an intravenous injection of 123I-MIBG
(370 MBq) and 4 hours later we obtained images using a
collimator exclusively for 123I. The imaging conditions
were the same as those for 123I-BMIPP. The SPECT
image of the left ventricle was divided into 9 regions
(Fig. 1), and the degree of accumulation in each region
was expressed according to the 5 grades described above.
The sum of each score was defined as TS, reflecting
the severity of impaired myocardial sympathetic nerve
function.

Contrast echocardiography
Three patients with Takotsubo cardiomyopathy under-
went contrast echocardiography at two to three days after
the attack. And four with acute myocardial infarction also
underwent contrast echocardiography during the sub-

Fig. 1   Schematic representation of left ventricular segmenta-
tion. The left ventricle was divided into nine segments on two-
dimensional echocardiograms, and on 99mTc-tetrofosmin, 99mTc-
PYP, 123I-BMIPP and 123I-MIBG myocardial SPECT. Individual
segments on two-dimensional echocardiograms and SPECT
images were visually scored according to a five point grading
system. The sum of each score was defined as the total score
(TS), reflecting the severity of impaired left ventricular wall
motion. Each segment on SPECT images was visually scored
according to a five point grading system. The sum of each score
was defined as the total score (TS), reflecting the severities of
myocardial perfusion, injury, fatty acid metabolism and sympa-
thetic nerve function impairments.
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acute phase. We obtained transthoracic two-dimensional
echocardiographic images using a Sonos 5500 device
(Hewlett-Packard, CA, USA). The contrast agent was
LevovistTM (Shering, AG), which is composed of micro
bubbles containing galactose (mean diameter 1–2 µm).
Powdered LevovistTM was reconstituted by adding 7 ml of
sterile water to achieve a final concentration of 300 mg/
ml. An intravenous infusion of LevovistTM was injected at
a rate of 1 ml/second. Contrast enhanced images were
obtained using harmonic power-Doppler imaging in in-
termittent mode at each pulse interval of four cardiac
cycles with the ultrasound transmission gated to the T
wave of the electrocardiogram. The dynamic range of this
system is 40 dB. The mechanical index was set as high as
possible to increase micro bubble destruction. Transmit-
ted power was adjusted to produce a mechanical index of
1・6. Ultrasound system gains were optimized at the
beginning of the study and held as contrast for subsequent
image acquisitions. The filter threshold was optimized to

reduce the appearance of any color over the myocardium
before the contrast injection.

Statistical processing
Values are expressed as means ± standard deviation. The
ANOVA F test was used to evaluate differences between
mean values. A hazard rate (p) of 0.05 was considered
statistically significant.

RESULTS

1)  The total ST segment elevation on electrocardio-
grams (mm) was 7.8 ± 3.7 in patients with Takotsubo cardi-
omyopathy and 7.3 ± 3.9 in those with acute myocardial
infarction (N.S.).

2)  The maximal value of CK-MB (normal; ~ 25 IU/l)
was 32.3 ± 22.2 in patients with Takotsubo cardiomyopa-
thy and 372.7 ± 80.7 in those with AMI (p < 0.001).

3)  The value of plasma norepinephrine (normal;

a

c

b

d

Fig. 2   a: Serial changes in impaired wall motion score (total score: TS) on two-dimensional
echocardiogram. b: Serial changes in impaired myocardial perfusion score (total score: TS) on 99mTc-
tetrofosmin images. c: Serial changes in impaired myocardial fatty acid metabolism score (total score:
TS) on 123I-BMIPP images. d: Serial changes in impaired myocardial sympathetic nerve function score
(total score: TS) on 123I-MIBG images.
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~ 0.31 ng/ml) was 0.65 ± 0.59 in patients with Tako-
tsubo cardiomyopathy and 0.77 ± 0.33 in those with AMI
(Table 1-a, b). There was no significant difference in wall
thickness between the Takotsubo cardiomyopathy group
and the AMI group.

4)  The values of intraventricular septal thickness
(IVST) (normal; 7–11 mm) and posterior wall thickness
(PWT) (normal; 7–11 mm) were 10.0 ± 1.3 and 9.3 ± 1.0,
respectively, in patients with Takotsubo cardiomyopathy.
Those values were 10.3 ± 1.4 and 9.6 ± 1.3, respectively,
in patients with AMI (Table 1-a, b). There was no significant
difference in wall thickness between the Takotsubo cardi-
omyopathy group and the AMI group.

5)   The TS values on two-dimensional echocardiography
in patients with Takotsubo cardiomyopathy were 14.2 ±
4.6, 4.7 ± 4.0, 1.7 ± 2.0 and 0.5 ± 0.4 during the acute,
subacute, chronic and chronic II phases, respectively. In
patients with AMI, these values were 14.0 ± 4.3, 11.4 ±
3.9, 8.8 ± 3.6 and 5.2 ± 4.8, respectively (Fig. 2-a).

6)  The TS values on 99mTc-tetrofosmin myocardial
SPECT in patients with Takotsubo cardiomyopathy were
11.8 ± 3.5, 3.2 ± 3.0, 0.5 ± 1.2, and 0.2 ± 0.4, during the

acute, subacute, chronic and chronic II phases, and dur-
ing, respectively. In patients with AMI, these values were
16.2 ± 4.3, 13.9 ± 4.6, 7.9 ± 4.6, and 5.0 ± 4.5, respectively
(Fig. 2-b).

7)  The TS values on 123I-BMIPP myocardial SPECT in
patients with Takotsubo cardiomyopathy were 12.6 ± 3.7,
6.8 ± 3.2 and 0.4 ± 0.6 during the subacute and chronic
phases and chronic II phases, respectively. In patients
with AMI, these values were 16.5 ± 5.1, 14.7 ± 4.8 and 7.5
± 4.5 during the subacute, chronic and chronic II phases
(Fig. 2-c).

8)  The TS values on 123I-MIBG myocardial SPECT in
patients with Takotsubo cardiomyopathy were 14.8 ± 4.0,
8.8 ± 4.0 and 0.6 ± 0.5, respectively. In patients with AMI,
the respective values were 18.6 ± 6.5, 16.8 ± 6.8 and 12.9
± 5.2 (Fig. 2-d).

9)  The numbers of segments in which 99mTc-tetrofosmin
uptake was absent during the acute phase were 0.6 ± 0.7
and 3.8 ± 3.0 in patients with Takotsubo cardiomyopathy
and AMI, respectively (p < 0.01).

10)  The TS values on 99mTc-PYP myocardial SPECT
were 3.2 ± 3.0 and 11.8 ± 3.5 in patients with Takotsubo

3a

3b

3c

3d
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Fig. 3   Case presentation (Takotsubo cardiomyopathy). a: Electrocardiography and Coronary angiog-
raphy. Upon admission, electrocardiography showed elevated ST segments in leads I, aVL and V2–6, but
stenotic lesions were absent on coronary angiography. b: 99mTc-tetrofosmin myocardial SPECT.
Myocardial SPECT with 99mTc-tetrofosmin showed severely reduced, but not absent, uptake from the
mid-portion to the apical area. These findings normalized during the chronic phase. c: Left ventriculog-
raphy. Apical ballooning akinesis and basal hyperkinesis were observed, and these dysfunctions
normalized during the chronic phase. d: Right ventriculography. Apical ballooning akinesis and basal
hyperkinesis were observed, and these dysfunctions normalized during the chronic phase. e: Serial
changes in 99mTc-tetrofosmin, 123I-BMIPP and 123I-MIBG images (Bull’s-eye plot). Impaired myocar-
dial perfusion on 99mTc-tetrofosmin images normalized during the chronic phase, impaired myocardial
fatty acid metabolism on 123I-BMIPP and sympathetic nerve function on 123I-MIBG normalized during
the chronic II phase. f: 99mTc-PYP myocardial SPECT. Regions in which 99mTc-tetrofosmin images
showed severely reduced uptake during the acute phase in patients with Takotsubo cardiomyopathy
were found to be positive for 99mTc-PYP myocardial uptake. g: Contrast echocardiography. Myocardial
perfusion was maintained in ballooning apical regions in patients with Takotsubo cardiomyopathy even
during the early subacute phase.

3e
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cardiomyopathy and AMI, respectively. In regions where
99mTc-tetrofosmin images showed severely reduced up-
take or no uptake during the acute phase in both patient
groups, 99mTc-PYP was taken up by the myocardium.

11)  Ejection fraction values on left ventriculography
were 42.3 ± 4.0% in patients with Takotsubo cardiomy-
opathy, 39.7 ± 8.4% in those with AMI during the acute
phase (N.S.), and 70.6 ± 6.0% and 52.8 ± 9.0%, respec-
tively, during the chronic phase (p < 0.01).

12)  Right ventriculography was performed in five
patients with Takotsubo cardiomyopathy, all of whom
showed apical ballooning akinesis and basal hyperkinesis
during the acute phase. This abnormal wall motion im-
proved during the chronic phase.

13)  Contrast echocardiography revealed myocardial
perfusion in the ballooning apical region in three patients
with Takotsubo cardiomyopathy even during the early
subacute phase, and severely reduced myocardial perfu-
sion in the apical region in three patients with AMI during
the subacute phase.

Case Presentation
Takotsubo cardiomyopathy
Electrocardiography revealed elevated ST segments in
leads I, II, aVL and V2–6, but coronary angiography
revealed no stenotic regions (Fig. 3-a). 99mTc-tetrofosmin
myocardial SPECT showed that uptake, though not ab-
sent, was severely reduced from the mid-portion to the
apical area upon admission. These findings normalize
during the subacute phase (Fig. 3-b). Left and right
ventriculography showed apical ballooning akinesis and
basal hyperkinesis during the acute phase, which nor-
malized during the chronic phase (Fig. 3-c, d). Impaired
myocardial perfusion on 99mTc-tetrofosmin images (Bull’s-
eye plot) normalized during the chronic phase, as did
impaired myocardial fatty acid metabolism on 123I-BMIPP
and sympathetic nerve function on 123I-MIBG during the
chronic II phase (Fig. 3-e). The myocardium absorbed
99mTc-PYP in apical ballooning regions where uptake of
99mTc-tetrofosmin was reduced (Fig. 3-f). Contrast
echocardiography revealed myocardial perfusion in the
ballooning apical region even during the early subacute
phase (Fig. 3-g).

DISCUSSION

Several reports have noted transient left ventricular apical
ballooning akinesis and basal hyperkinesis without coro-
nary stenosis to be associated with Takotsubo cardiomy-
opathy.1–5 These reports also suggested that multiple
spasms of the epicardial coronary arteries, microcircula-
tory disturbances or myocardial damage induced by cat-
echolamines could be causative mechanisms. However,
this has remained a matter of speculation. The present
study assessed Takotsubo cardiomyopathy using blood
tests, echocardiography, coronary angiography, ventricu-

lography and myocardial SPECT imagings with 99mTc-
tetrofosmin, 99mTc-PYP, 123I-BMIPP and 123I-MIBG.

99mTc-tetrofosmin can easily be labeled in the hospital,
and myocardial perfusion images can be visualized on
99mTc-tetrofosmin SPECT.6,7 In addition, 99mTc-tetro-
fosmin myocardial SPECT can be performed even during
the acute phase in patients with acute myocardial infarc-
tion. Therefore, this procedure is extensively applied to
diagnosing ischemic heart diseases and to evaluating
pathological conditions.19 Since 99mTc-PYP binds to cal-
cium, hydroxyapatite crystals, in the necrotic myocar-
dium, it can facilitate diagnosing and quantifying acute-
phase myocardial infarction in the clinical setting.9,10

However, several recent reports have indicated that 99mTc-
PYP is taken up by the myocardium in patients with
unstable angina. Furthermore, 99mTc-PYP is taken up by
viable but severely damaged myocardial cells. Therefore,
99mTc-PYP uptake is also considered to be an indicator of
myocardial ischemic injury without infarction.20,21 Under
aerobic conditions and at rest while fasting, 60% to 90%
of the energy requirement of the myocardium is supplied
by fatty acid metabolism. However, under hypoxic or
ischemic conditions, fatty acid metabolism, which re-
quires a large amount of oxygen, is suppressed and
replaced by glucose metabolism, which requires less
oxygen. Therefore, myocardial fatty acid metabolism
imaging can reflect myocardial ischemia. The radio-
iodinated branched chain fatty acid 123I-BMIPP was de-
veloped to investigate myocardial fatty acid metabolism
using SPECT imaging. This procedure is also extensively
applied to diagnosing ischemic heart diseases and to
evaluating pathological conditions.12,22 Impaired myo-
cardial fatty acid metabolism on 123I-BMIPP images
recovers after myocardial perfusion improves on 201Tl
images in patients with a stunned myocardium. Thus, the
discrepancies between 123I-BMIPP and 201Tl uptake, re-
duced 123I-BMIPP and maintained 201Tl uptake, suggest a
stunned myocardium.23 On the other hand, heart function
is regulated by the neurohormonal system, especially the
sympathetic nervous system. Myocardial sympathetic
nerve function is easily suppressed under ischemic condi-
tions. Images of myocardial nerve function can reflect
myocardial ischemia. The radioiodinated analog for nor-
epinephrine, 123I-MIBG, can image myocardial sympa-
thetic nerve function using SPECT.13,14 This procedure is
also routinely applied to diagnosing ischemic heart dis-
eases and to evaluating pathological conditions.24 The
myocardial sympathetic nervous system impairment seen
on 123I-MIBG images recovers later than the improve-
ment in myocardial perfusion on 201Tl images in patients
with a stunned myocardium. Thus, the discrepancies
between myocardial 123I-MIBG and 201Tl uptake, reduced
123I-MIBG and maintained 201Tl uptake, suggest a stunned
myocardium.25

The present study as well as others demonstrated sud-
den onset with chest symptoms, elevated ST segments on
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electrocardiograms and severely reduced left ventricular
wall motion in patients with Takotsubo cardiomyopathy.
The degree of ST segment elevation and reduced wall
motion did not differ significantly between the two groups.
Furthermore, during the acute phase, reduced myocardial
99mTc-tetrofosmin uptake and abnormal 99mTc-PYP up-
take were observed not only in patients with AMI but also
in those with Takotsubo cardiomyopathy. Therefore, se-
vere myocardial ischemia is closely related to the caus-
ative mechanism of Takotsubo cardiomyopathy.

 Reduced left ventricular wall motion on two-dimen-
sional echocardiography and myocardial perfusion on
99mTc-tetrofosmin images and contrast echocardiography
showed moderate to complete recovery at two weeks after
the attack, and had normalized at one month after the
attack in patients with Takotsubo cardiomyopathy. In
patients with AMI, these parameters showed no or mild
improvement at two weeks after the attack, mild to mod-
erate improvement at one month after the attack, and were
moderately improved at three months after the attack.
From the viewpoints of the recovered wall motion and
myocardial perfusion, AMI was considered to represent a
stunned myocardium,15 and Takotsubo cardiomyopathy
might also be regarded as a type of stunned myocardium.

We also assessed myocardial fatty acid metabolism and
sympathetic nerve function using 123I-BMIPP and 123I-
MIBG myocardial SPECT. These findings deteriorated
not only in AMI but also in Takotsubo cardiomyopathy.
The degree of damage ranged from moderate to severe at
two weeks after the attack, but had almost normalized at
one month after the attack in patients with Takotsubo
cardiomyopathy. In patients with AMI, damage was se-
vere at two weeks after the attack and did not improve, and
improved mildly at one month after the attack, and mod-
erately at three months after the attack. Myocardial fatty
acid metabolism and sympathetic nerve function im-
proved after myocardial perfusion and wall motion re-
covery. Thus, the serial changes in myocardial fatty acid
metabolism and sympathetic nerve function were very
similar in the two groups, even though a difference was
noted at the time of recovery. Considering the results
of examinations of impaired myocardial fatty acid me-
tabolism and myocardial sympathetic nerve function,
Takotsubo cardiomyopathy might also be regarded as a
type of stunned myocardium.

Spasm was not evident in the epicardial coronary
arteries of patients with Takotsubo cardiomyopathy. Thus,
multiple spasms of the epicardial coronary arteries were
not considered relevant, whereas impaired coronary mi-
crocirculation26 seemed to be a causative mechanism of
Takotsubo cardiomyopathy. The epicardial coronary ar-
teries ramify into a network of small vessels, such as the
subepicardial artery (200 µm), intramuscular arterioles
(100–30 µm), precapillaries (20–10 µm), capillaries (8–5
µm), and venules.27 Biopsy pathology in Takotsubo
cardiomyopathy has sometimes revealed injury to focal

myocytes, but not to transmural myocytes, and such
injury was not induced by epicardial coronary artery
occlusion.1 When microspheres with a diameter of 15 µm
are injected into the coronary artery, multiple focal is-
chemic myocyte injuries with long and short axes of 300
and 100 µm appear.27,28 In Takotsubo cardiomyopathy,
coronary angiography revealed patency during the acute
phase with ST elevation on electrocardiograms and akine-
sis on left ventriculography, and contrast echocardiography
revealed myocardial perfusion in the ballooning regions
at two to three days after the attack. When microspheres
with a diameter of 15–50 µm are injected into the coronary
artery, coronary blood flow does not adversely decrease
even while myocardial ischemia is induced.29 That the
coronary artery is patent during the acute phase in patients
with Takotsubo cardiomyopathy does not contradict the
notion that this condition is induced by impaired coronary
microcirculation. In patients with coronary microvascu-
lar spasm, epicardial coronary flow remains patent during
the acute phase with ST segment elevation on electrocar-
diograms.30

Coronary microvascular spasm30 or coronary microvas-
cular diastolic functional abnormalities26 are considered a
cause of impaired coronary microcirculation. However,
when myocardial ischemia is caused by impaired coro-
nary microvascular diastolic functional abnormalities,
electrocardiography does not show elevated ST segments,
and left ventricular wall motion is not as severely reduced
as it is in AMI. Furthermore, contrast echocardiography
showed myocardial perfusion even at a few days after the
attack. Therefore, microvascular spasm might be a mecha-
nism of myocardial ischemia in patients with Takotsubo
cardiomyopathy.

Many of the patients developed Takotsubo cardiomy-
opathy after enduring psychological stress such as an
accident involving a family member, the death of a loved
one, a quarrel or excessive excitation. Under such stress-
ful situations, excess norepinephrine might be secreted
from the sympathetic nervous system, which might pro-
voke microvascular spasm via  α2 receptors.31 Sympa-
thetic nerves are also distributed to smaller vessels as
intramuscular arterioles, but parasympathetic nerves are
only distributed to the epicardial and subepicardial arter-
ies.32 Therefore, the influence of the sympathetic nerves
extends to the coronary microcirculation. Electrocardio-
grams of restrained pigs have shown negative T waves
and/or ST segment elevation in 61%, and 13% died
suddenly.33 Myocardial ischemia is induced in humans by
psychological stress, and the risk of sudden cardiac death
increases with high levels of such stress.34,35 Emotional
stress in the rat transiently reduces left ventricular wall
motion to assume a Takotsubo-like shape and this can
be normalized by a prior adrenoceptor blockade.36 Five
of 7 of our patients were psychologically stressed at the
time of the attack, which might have caused excessive
secretion of catecholamines and abnormally increased
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coronary microvascular tonus, namely spasm. However,
no definite psychological stress was evident in the other 2
patients. An imbalance in neurohumoral factors or exces-
sive catecholamine secretion could have caused coronary
microvascular spasm. The plasma norepinephrine con-
centration was increased in five of seven patients in the
present study. Three of our patients also had apical akine-
sis and basal hyperkinesis of the right ventricle. These
phenomena suggested that an imbalance in neurohumoral
factors and/or excessive catecholamine secretion in not
only the left but also in the right ventricle might be a
causative mechanism of Takotsubo cardiomyopathy.

A balloon-like asynergy in the apical regions and hyper
contraction in the basal regions of the left ventricle have
been demonstrated in Takotsubo cardiomyopathy. How-
ever, why the left ventricle assumes this specific shape
remains unknown. The numbers of sympathetic nerve
endings and their receptors on the myocardium differ in
the left ventricle of the dog. In the apical legion of the left
ventricle, the number of sympathetic nervous endings is
decreased, whereas the number of receptors is increased.
On the contrary, the opposite is true in the basal region of
the left ventricle.37 These disturbances might be related to
the balloon-like asynergy in the apical regions and the
hyperkinesis in the basal regions of the bilateral ven-
tricles. However, the distribution of sympathetic nerve
endings and their receptors in humans remains obscure.

This specific systolic form of left ventricular, apical
ballooning and basal hyperkinesis, obstructed the left
ventricular outflow tract. Furthermore, it was reported
that the pressure gradient resulting from the outflow tract
obstruction might be related to the cause of Takotsubo
cardiomyopathy. Since we did not examine the pressure
gradient in the left ventricular outflow tract, we cannot
discuss it in detail. However, the right ventricle, which
showed no significant outflow tract obstruction, revealed
transient abnormal wall motion. Therefore, the primary
cause of Takotsubo cardiomyopathy was not considered
to be outflow tract obstruction.

The ST segments were equally elevated on electrocar-
diograms and abnormal wall motions were equal in the
two groups during the acute phase. However, the CK
values and the degree of myocardial 99mTc-PYP uptake
during the acute phase were significantly lower, and the
degrees of improved wall motion, myocardial fatty acid
metabolism and myocardial sympathetic nerve function
during the subacute and chronic phases were significantly
higher in patients with Takotsubo cardiomyopathy. Myo-
cardial damage in patients with Takotsubo cardiomyopa-
thy was transient, as it is in the stunned myocardium.8

During the acute phase, myocardial 99mTc-tetrofosmin
uptake was severely reduced in patients with Takotsubo
cardiomyopathy, but only a few segments revealed absent
99mTc-tetrofosmin uptake. The CK-MB level was much
lower in patients with Takotsubo cardiomyopathy than in
those with AMI. These results suggested that some myo-

cardial perfusion remained during the acute phase in
patients with Takotsubo cardiomyopathy. Such residual
perfusion could preserve fundamental myocardial func-
tions such as those of the membrane and the mitochondria,
while myocardial damage is reduced and can improve
during the early phase, as in the stunned myocardium.

The present study indicated that Takotsubo cardiomy-
opathy might be a type of stunned myocardium caused by
impaired coronary microcirculation, but further studies
involving more patients and basic experiments are re-
quired.
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