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Assessment of ampulla (Takotsubo) cardiomyopathy with coronary 
angiography, two-dimensional echocardiography and 99mTc-tetrofosmin 

myocardial single photon emission computed tomography 
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We studied the causative mechanism of ampulla (Takotsubo) cardiomyopathy. Methods: We 
examined 7 patients with ampulla cardiomyopathy by means of coronary angiography, two- 
dimensional echocardiography and 99mTc-tetrofosmin myocardial SPECT at the time of emergency 
admission (acute phase), at 3 to 5 days after the attack (subacute phase) and at 1 month after the 
attack (chronic phase). The left ventricle was divided into 9 regions on two-dimensional 
echocardiograms and 99mTc-tetrofosmin myocardial SPECT images, then the degree of abnormali- 
ties in each region was scored in four grades from normal (0) to severely abnormal (3). We injected 
nicorandil into the coronary arteries and determined the elevation in the ST segment before and after 
administration. Results: Coronary angiography did not show stenotic lesions in any patient. The 
acute, subacute and chronic phase myocardial perfusion scores on 99mTc-tetrofosmin myocardial 
SPECT were 1 1.2 + 3.4, 2.7 + 2.3 and 0.4 + 0.5, respectively, and wall motion scores on 
echocardiograms were ! 3.0 + 3.6, 4.4 + 2.2 and 0.6 +_ 0.6, respectively, indicating improvement in 
all scores during the subacute phase (p < 0.01). The elevation in the ST segment (mm) on the 
electrocardiogram was improved from 8.3 + 2.7 to 4.9 + 1.9 after the administration of nicorandil 
(p < 0.05). Conclusion: These findings indicated that coronary microvascular spasm is one 
causative mechanism of ampulla cardiomyopathy. 
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INTRODUCTION 

LEFT VENTR~CVLOCRAPHY of patients with ampulla 
(Takotsubo) cardiomyopathy showed a balloon-like asyn- 
ergy of the apical regions, elevation in the ST segment on 
the electrocardiograms, and minimal increase in cardiac 
enzymes in blood tests. These patients are usually misdi- 
agnosed as having acute myocardial infarction and un- 
dergo coronary angiography and left ventriculography, 
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but coronary angiography does not show stenotic lesions, 
even during the acute phase with elevation in the ST 
segment on the electrocardiograms. Furthermore, ven- 
tricular dysfunction usually improves within several 
weeks. The causative mechanism of ampulla cardiomy- 
opathy remains unknown. I,~ 

We studied the causative mechanism of ampulla cardi- 
omyopathy by means of coronary angiography, two- 
dimensional echocardiography and 99mTc-tetrofosmin 
myocardial single photon emission computed tomogra- 
phy (SPECT). 3-5 

PATIENTS 

We studied seven patients with ampulla cardiomyopathy 
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(Table 1) who satisfied the following criteria (5 females 
and 2 males; mean age 65.1 + 6.8 years). 

1) Symptoms that resembled those of acute myocar- 
dial infarction. 

2) Absence of organic stenotic lesions in the epicardial 
coronary arteries and spasms of epicardial coronary arter- 
ies ruled out by ergonovine or acetylcholine loading tests. 

3) Severely abnormal ventricular wall motion of the 
left ventricular apex during the acute phase that rapidly 
improved. 

4) Absence of underlying diseases such as subarach- 
noid hemorrhage or other cerebrovascular disorders, head 
trauma or pheochromocytoma. 

METHODS 

Blood tests 
The MB fraction of creatine phosphokinase (CK-MB) 
was measured every 6 hours starting immediately after 
admission until 72 hours after the attack (Fig. 1). 

Coronary angiography 
All patients underwent coronary arteriography during the 
acute phase. Three to 5 mg of isosorbidc dinitrate was 
injected directly into the coronary arteries during the 
procedure, and 1.2 mg of nicorandil dissolved in l0 ml of 
physiological saline was injected directly into the coro- 
nary arteries. Coronary arteriography was again per- 
formed at 5 to 14 days after the attack, along with coronary 
spasm provocation tests with ergonovine or acetylcholine 
loading. Ergonovine was loaded by injecting directly into 
the left and right coronary arteries in escalating doses of 
10, 20 and 30/.tg up to a total dose of 60/.tg. Acetylcholine 
was loaded in a similar mannerin escalating doses of 10, 
20, 50 and 100 #g up to a total dose of 180 ttg (Fig. 2). 

99mTc-tetrofosmin myocardial SPECT 
We performed emergent 99mTc-tetrofosmin myocardial 
SPECT immediately before coronary arteriography dur- 
ing the acute phase. 99mTc-tetrofosmin myocardial SPECT 
was reexamined during the subacute phase at 3 to 5 days 
after the attack and during the chronic phase at 1 month 
after the attack (Fig. !). Patients were intravenously 
injected with 740 MBq of 99"Tc-tetrofosmin (Nihon 
Medi-Physics Co., Nishinomiya, Japan), then early SPECT 
images were obtained starting 10 minutes later. Images 
were acquired with a digital gamma camera 901A (Toshiba 
Co., Tokyo, Japan) to which a low energy, high-resolu- 
tion, parallel-hole collimator was attached. Data were 
collected 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. Data were acquired in an on-line 
nuclear medicine data processor, GMS550U (Toshiba 
Co., Tokyo, Japan). The original image was reconstituted 
by smoothing at 5 points. Tomographic images along the 
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Fig. 1 Study protocol. 
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Fig. 2 Schematic representation of left ventricular segmenta- 
tion. The left ventricle was divided into 9 segments on SPECT 
images and on two-dimensional echocardiographs: 1 and 5, 
anterior; 2 and 6, septal; 3 and 7, interior; 4 and 8, lateral; 9, 
apical. 

vertical long, horizontal long and short axis were created 
with a Shepp & Logan filter. The threshold level was 20% 
and absorption was not corrected. The SPECT image of 
the left ventricle was divided into 9 segments for semi- 
quantitative analysis. The short-axis slices were separated 
into four segments at the basal and midventricular levels. 
The apical portion of one segment was evaluated with 
vertical long-axis slices. Each segment was graded visu- 
ally with scores between 0 and 3 (0, normal; I, mildly 
reduced uptake; 2, moderately reduced uptake; 3, obvi- 
ously reduced uptake/absent activity) in a blinded manner 
by three experienced cardiologists. Differences of opin- 
ion were resolved by consensus. The sum of each score 
was deft'ned as the total defect score, reflecting the sever- 
ity of impaired myocardial perfusion (Fig. 2). 

Two-dimensional echocardiograms 
All patients underwent two-dimensional echocardiography 
during the acute phase, subacute phase and chronic phases 
and were examined with a Sonos 5500 (Hewlett-Packard, 
Cai, USA). The tomographic image of the left ventricle 
obtained from the short axial image of the sternal left edge 
and the long axial image of the apex of the heart was 
divided into 9 segments. Each segment was graded visu- 
ally with scores between 0 and 3 (0, normal; I, mild 
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Table 1 Clinical characteristics 

Case Gender/ Underlying Trigger event Symptoms 
No. age disorder 

Left ventricular 
ECG ejection fraction (%) 

ST elevation 
acute/chronic phase 

Level of 
CPK-MB 
(-25 IU//) 

I F/72 Hypertension Emotional stress (+): 
an accidental death 
of her sister 

2 F/73 None None 

3 M/56 Chronic Emotional stress (+): 
pancreatitis Endoscopic retrograde 

cholangiopancreatography 
(ERCP) 

4 1=/62 Hypertension Emotional stress (+): 
Hyperlipidemia dispute 

5 F/58 Hypertension None 

6 M/65 Hepatic cirrhosis Emotional stress (+): 
esophageal varix Balloon occluded- 

retrograde Transvenous 
ohliteration (B-RTO) 

7 F/70 None None 

Chest pain II, Ill aVv, V 2 ~ ,  45%--'78% 

Dyspnea, i, aVi., V2~ 50%--*68% 
chest 
oppression 
Chest pain, 1, 11,111, aVl., V2- s  38%~74% 
back pain 

Dyspnea 

Syncope, 
Chest 
oppression 
Chest pain 

Chest 
discomfort, 
Dyspnea 

I, aVl., VI-5 47%--*71% 

II, I11, aVF, V 2 - 6  45%-469% 

1, II, III, aVl., V2~,  42%---*80% 

I1, III, aVe, V 2 - s  49%--67% 

16 

24 

73 

20 

15 

59 

23 

hypokinesis; 2, moderate hypokinesis; 3, akinesis) in a 
blinded manner by three experienced cardiologists. Dif- 
ferences of opinion were resolved by consensus. The sum 
of each score was defined as the total wall motion score 
(TWS), reflecting the severity of impaired left ventricular 
wall motion (Fig. 2). 

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

All participants in this study gave written informed 
consent to all necessary procedures. 

R E S U L T S  

I) The maximal value of CK-MB during the study was 
32.9 + 23.1 (lUll), and values exceeded twice the normal 
upper limit (25 IU/I) in 2 patients (Table 1 ). 

2) The TDS values on 99mTc-tetrofosmin myocardial 
SPECT during the acute, subacute and chronic phases 
were 11.2 + 3.4, 2.7 + 2.3, 0.4 + 0.5, respectively, indi- 
cating improvement during the subacute phase (p < 0.01; 
Fig. 3). 

3) The TWS values on two-dimensional echocardiog- 
raphy during the acute, subacute and chronic phases were 
i 3.0 + 3.6, 4.4 + 2.2 and 0.6 + 0.6, respectively, also indi- 
cating improvement during the subacute phase (p < 0.01; 
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Fig. 3 Serial changes in total defect score (TDS) on 99mTc- 
tetrofosmin myocardial SPECT images. The TDS values on 
early tetrofosmin images in the acute, subacute and chronic 
phases were 0.8 • 3.2, 2.5 + 2.2, 0.3 • 0.5, respectively, 
indicating improvement during the subacute phase (p < 0.01). 

Fig. 4). 
4) Three to 5 mg of isosorbide dinitrate injected into 

the coronary artery did not reduce the elevation in the ST 
segment in any of those patients. 

5) Nicorandii  ( i .2  mg)  injected into the coronary 
arteries reduced the elevation in the ST segments in 5 of 
7 patients on electrocardiograms from 8.6 + 2.9 to 5.4 + 
2.4 (p < 0.05; Fig. 5). 
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Fig. 4 Serial change of total wall motion score (TWS) on two- 
dimensional echocardiography. The TWS values on two-di- 
mensional echocardiography during the acute, subacute and 
chronic phases were 12.2 + 3.1, 4.2 + 2.1 and 0.5 __+ 0.5, 
respectively, indicating improvement during subacute phase 
(p < 0.01). 

z ST 
(ram) p < 0.O01 

I I 
p < o . o s  p<O.O5 

1 5 . 0  - I I I i 

10.0 - 

5 . 0  - 

0 - 
I I I 

before after subacute 
nicolandil nico/andil 

Fig. 5 Serial changes of total degree of elevation in the ST 
segment on electrocardiogram. Nicorandil administered into 
the coronary arteries improved elevation in the ST segments in 
5 of 7 patients on electrocardiograms from 8.6 + 2.9 to 5.4 + 2.4 
(p < 0.05). 

C A S E  REPORT 

A 48-year-old man presented at our hospital with a chief 
complaint of chest pain. On admission, an electrocardio- 
gram showed an elevation in the ST segment in leads I, 
aVL and Vi-4. 99mTc-tetrofosmin myocardial SPECT re- 
vealed severely reduced uptake from the mid portion to 
the apical area (Fig. 6a). Although no stenotic lesion was 
revealed by coronary arteriography, left ventricular wall 
motion was severely hypokinetic from the mid portion to 
the apical area on left ventriculography (Fig. 6a). After the 
intracoronary administration of nicorandil, elevation in 
the ST segment on the electrocardiogram was improved. 
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Fig. 6 Case report. (a) In acute phase, 99mTc-tetrofosmin 
myocardial SPECT showed severely reduced uptake from the 
mid portion to the apical area, and left ventriculography display 
a balloon-like asynergy of the apical regions. (b) In subacute 
phase, 99mTc-tetrofosmin myocardial SPECT did not show 
reduced uptake, and left ventriculography revealed normal 
findings. 

On the third day, 99mTc-tetrofosmin myocardial SPECT 
did not show reduced uptake (Fig. 6b). On the seventh 
day, left ventriculography showed normal findings (Fig. 
6b). 

DISCUSSION 

Decreased uptake on 99mTc-tetrofosmin myocardial 
SPECT images, elevation in the ST segment on electro- 
cardiograms and severe left ventricular dysfunction on 
echocardiograms during the acute phase suggested severe 
myocardial ischemia, but coronary arteriography did not 
show any stenotic legions of the epicardial coronary 
arteries. These results suggest that impaired coronary 
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microcirculation is a causative mechanism of myocardial 
ischemia. Coronary microvascular spasm 6-8 or coronary 
microvascular diastolic functional abnormalities 9'1~ are 
considered to be causes of impaired coronary microcircu- 
lation, but when myocardial ischemia is caused by im- 
paired coronary microvascular diastolic functional ab- 
normalities, electrocardiography does not show any 
elevation in the ST segment,  and two-dimensional  
echocardiography does not reveal severe dysfunction. 
Microvascular  spasm is considered to be a plausible 
mechanism of myocardial ischemia. The thoracic symp- 
toms and the elevated ST segment on electrocardiograms 
were improved in 5 of 7 patients after the coronary arterial 
administration of nicorandil. This drug acts as both a NO 
donor and a K-ATP channel opener, and it has a character- 
istically dilating effect on coronary microvessels)1.12 but 
myocardial ischemia in patients with ampulla cardiomy- 
opathy might be caused by microvascular spasm. 

When pigs were stressed by restraint, electrocardio- 
grams showed a negative T wave and/or elevation in the 
ST segment in 6 ! % of the animals, and 13% of the animals 
died suddenly. The pathological findings in the myocar- 
dium were similar to those of coronary artery ligation. 13 
Myocardial ischemia in humans can be induced by psy- 
chological stress, and the risk of  sudden cardiac death 
increases when levels of such stress are high. t4 Four of 7 
patients in this study were psychologically stressed at the 
time of attack, which may have caused excessive secre- 
tion of  catecholamines and abnormally increased coro- 
nary microvascular tonus, namely spasm, but no clear 
psychological stress was evident in any of  the other 3 
patients. An imbalance in neurohumoral factors or exces- 
sive catecholamine secretion could have caused coronary 
microvascular  spasm, but we did not measure these 
parameters, so a definite conclusion cannot be reached. 

This study only clarified one of  the causative mecha- 
nisms of ampulla cardiomyopathy.  Further studies of  
more patients and basic experiments are required to 
understand the causative mechanisms of  ampulla car- 
diomyopathy in detail. 
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