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Abstract

ithin three days to three weeks Em
lght play a key roIe in thi

Previous studies reported several patho-
logical entities associated with reversible left ven-
tricular (LV) wall motion abnormalities, including
ischemic myocardial stunning, pheochromocyto-
ma crisis, multivessel vasospasm and subarachno-
id hemorrhage, gastrointestinal bleeding, acute
myocarditis, and tachycardia-induced cardiomyo-
pathy (1-7). Satoh and Dote (8,9) were the first to
describe a novel cardiac syndrome consisting of
chest symptoms with acute onset, transient and re-
versible abnormalities of the left ventricular apical
wall motion, electrocardiographic (ECG) changes,
and minimal myocardial enzymatic release mim-
icking acute myocardial infarction in patients
without stenosis on coronary angiogram. The dis-
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drome have been reported among Japanese populatlon and onl
crlbe aplcal balloonlng in four Cauca5|an patients three women and one man,

i aI mana

riggering factor was identified, such as emotional or ph S|ca all patients Ieft
owed extensive akinesia of the apex of the ‘ I looning”) in the

absence of a significant coronary artery sten05|

ft ntricul tion recovered,completely
| of I stre other preceding-triggering factors
C|se etiology.-remains unknown. Despite se-

ement€ads to good long term outcome.

ease was named “Takotsubo”-shaped cardiomyo-
pathy, because of its unique “short neck round-
flask”-like LV apical ballooning resembling the
Japanese tako-tsubo (Japanese for octopus pot or
trap). Subsequently, several cases and even larger
series of Japanese patients were reported (10-15).
Desmet et al (16) described the syndrome of “api-
cal ballooning” in 3 Caucasian patients. Abe et al
(17) suggested that neither abnormalities in the
coronary circulation nor acute myocarditis was re-
lated to the etiology. Emotional or physical stress
and other preceding triggering factors, such as
cerebrovascular accidents, epileptic attacks, non-
cardiac surgery, and emotional problems, includ-
ing sudden accidents, death, or funeral of a family
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member, might play a key role in this cardiomyo-
pathy, but the precise etiology remains unknown.

We describe a case series of four pati-
ents who fulfilled the criteria for Takotsubo cardio-
myopathy (17).

Case Series

All four patients presenting at our institu-
tion (a tertiary referral center, where approxi-
mately 4,000 cardiac catheterizations are per-
formed per year) over a period of eight months,
who fulfilled currently accepted criteria of the syn-
drome of “apical ballooning,” including transient
and reversible LV apical ballooning, ECG changes
defined as ST-T segment elevation or depression in
several leads, and no history of either previous
myocardial infarction, valvular heart disease,
subarachnoid hemorrhage, or pheochrome

?e
r
showed ST-elevation-andnormal R progression in
the precordial leads. Thrombolysis for acute ST-el-
evation myocardial infarction was considered, but
eventually given up because of increased risk of
bleeding after several intramuscular injections.
Over the following hours she developed hemo-
dynamic instability with evolution to cardiogenic
shock. Intravenous inotropic drugs were adminis-
tered. Additionally, the patient was treated with
aspirin, enoxaparin, and opiates for acute coro-
nary syndrome. Subsequently, the patient was re-
ferred for coronary angiography to our institution.
On admission, the serum troponin T concentration
was 0.69 ng/mL (normal <0.03 ng/mL), creatine
kinase (CK) was 570 U/L (normal <145 U/L), and
CK myocardial band (CK-MB) was 34 U/L. An
emergency echocardiography revealed anteroapi-

lumboischialgia t tr

LV

Figure 1. Coronary angiography of the patient from Case 1
showing no coronary artery stenoses, representative of all
patients in the series. A. Right coronary artery, left ante-
rior oblique (LAO) view; B. Left coronary artery, LAO view;
C. left coronary artery, right anterior oblique view. Arrows
indicate left anterior descending artery.

943

Suiuoojjeg [eaidy JendLUS A Y3 JudIsuei] :[e ]9 Jany



Auer et al: Transient Left Ventricular Apical Ballooning

944

Croat Med J

2005;46(6):942-949

cal akinesia and global left ventricular ejection
fraction was severely reduced. Coronary angio-
graphy showed normal coronary arteries (Fig. 1).
Left ventriculography (Fig. 2) confirmed the pres-
ence of a large anteroapical akinesia with a severe
decrease of global left ventricular ejection fraction
(22%; normal value >60%). No intraventricular
pressure gradient was observed. Serial ECG re-
cordings showed the development of negative T
waves in the anterolateral leads. The patient’s clin-
ical condition stabilized over the next 24 hours
and after 4 days, the patient made a complete
functional recovery with remarkable improvement
of the wall motion and global left ventricular sys-

Figure 2. End diastolic (A) and end systolic (B) left ventri-
culograms of the patient from Case 1 showing extensive
akinesia of the apical and mid portions (arrows) of the left
ventricle, with hypercontractility confined to the basal
parts of the heart (arrowheads), representative of all pa-
tients in the present series.

tolic function on echocardiographic evaluation.
Subsequently, complete normalization of both
global and segmental left ventricular systolic func-
tion could be documented by echocardiography
three weeks later.

Case 2
A 64-year-old man with alcohol-related
liver disease was admitted three hours after a fall,
with severe hypothermia and a body temperature
of 29°C, measured rectally. He was transferred to
the intensive care unit and normal body tempera-
ture was restored by physical measures. Shortly af-
ter admission, ECG showed ST-depression and gi-
ant negative T waves in leads V2 to V5 and in
leads | and aVL. The patient*had no chest discom-
fort and complaified of moderate dyspnea. He was
eatéd by diuretics and oxygen. Biochemically,
the serum tropo]ﬁ,n T concentration was 0.42
ng/mL (peak concentration), CK was 275 U/L
(peak concentration, 945 U/L), and CK MB was 61
U/L. Echocardiography revealed severely depres-
sed left ventricular systolic function and a large
apical akinesia with hypercontractility confined to
the'basal parts of the heart. Subsequently, coro-
nary angiography showed normal coronary arter-
ies. Left ventrlculography confl ed the presence
of a large anteroapicalsak th a, markedly
depressed glo ’@ ricular ejection fraction
d-diastolic_pressure was
Treatment ith=a"B-blocker and an an-
tensin converting enzyme inhibitor was initi-
ed"Additionally, amoxicillin was prescribed for
bronchopulmonary infection. The patient made a
slow but gradual functional recovery over the fol-
lowing seven days. On day 15, a control transtho-
racic echocardiography showed a significant im-
provement of the regional and global contractility.

Case 3

A 64-year-old woman with a fairly unre-
markable medical history presented to the emer-
gency department of a small district hospital with a
ten-hour history of chest discomfort. Chest pain
developed immediately after the patient became
witness of her sisters’ stroke that was complicated
by several seizures.

On admission, the ECG showed normal
R progression and slightly elevated ST-segments in
the precordial leads. The serum troponin T con-
centration was 0.08 ng/mL (normal <0.03 ng/mL),
and CK was within the normal range (52 U/L).

LV
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Blood pressure was 125/75 mm Hg and the heart
rate was 69 beats/min. Echocardiography showed
aregion of akinesia confined to the apex of the left
ventricle. The patient was treated with aspirin, clo-
pidogrel, enoxaparin, metoprolol, nitrates, and opi-
ates for acute coronary syndrome and was subse-
quently referred for urgent coronary angiography.
Surprisingly, this showed normal coronary arteries
but large apical akinesia and a moderately de-
creased global left ventricular function (ejection
fraction (EF) 45%).

Treatment with an angiotensin-convert-
ing enzyme inhibitor was initiated. After three
days, the patient made a complete functional re-
covery, with an almost complete normalization of
the wall motion and global left ventricular systolic
function.

Case 4

A 82-year-old wom ith a history of
hypertension was~admitted after an accident in
suffered multiple contusions to'the left
i t wall. X:rayyre-

- Three days after the acCi-
admitted to the emer‘gency,_'“

:her’-’é’/(jfpine heart rate
in and she had absolute arrhyth-

gestive he i E
atrial fibrillation and Si
waves in leads V2 to'V5 and in lead

Biochemically, the, serum.troponin T concentra-
tion was slightly elevated (0.17 ng/mL) and CK
was within the normal range (78 U/L). Echocardio-
graphy revealed moderately depressed left ventric-
ular systolic function and a large apical akinesia.
The patient was treated with digoxin, nitrates, di-
uretics, and oxygen. Additional treatment with as-
pirin, clopidogrel, enoxaparin, metoprolol, and
opiates for acute coronary syndrome was initiated.

Subsequently, left ventriculography show-
ed extensive akinesia of the apical and mid portions
of the left ventricle (EF 39%) in the absence of signifi-
cant coronary artery stenosis that might have cor-
responded with the segmental contraction abnor-
mality.

After 12 hours, atrial fibrillation sponta-
neously converted to regular sinus rhythmus. After

@M

with ST-segment
(the anterior leads
| days. All patients h
~ troponin T. /

five days, the patient made a complete functional
recovery, with normalization of the apical wall
motion and global left ventricular systolic function
on echocardiography.

Summary of Clinical Findings and

Diagnostic Results

Three of the four patients were women.
Patients’ age ranged between 64 and 84 years.
None of the patients had a history of angina-like
complaints and all but one presented with chest
symptoms. In all patients, a preceding triggering
factor was identified — emotional stress, trauma,
severe lumboischialgia, or severe hypothermia.
The clinical presentation varied from chest pain,
dyspnea, and hemod ie, instability to mere
ECG abnormalitie

The ECG on admission was abnormal in
all patients (ST elevation in two patients, and
T-wave inversion in two patients). In the patients
‘ vation, negative T waves in
veloped overithe following

increased concentration of

. Inall patiéﬁts, echocardiography exhib-
ited akinesia of the apical and mid pottions of the
syndrome

left ventricle. Because acu

was suspected _in all™f :@, ronary angio-
graphy, was p@ | patients between 6
andy48 hours e onset of.symptoms. Left
v raphy showed€xtensive akinesia of the
apical and.mid portions of the left ventricle (“api-
eal"ballooning”), whereas basal contractility was
normal or even supernormal, and coronary angio-
graphy revealed no significant “culprit” coronary
artery stenosis responsible for the wall motion ab-
normality. Additionally, the region of akinesia did

not correspond with the perfusion territory of a
single epicardial coronary artery.

=

No patient died or showed recurrence
during follow-up, which ranged 1-8 months. All
patients had class | New York Heart Association
function on discharge. In all patients, left ventricu-
lar systolic function recovered almost completely
within three days to three weeks.

Discussion

Our case series of four patients with
“apical ballooning” in four Caucasian patients
showed the importance of emotional or physical
stress or other preceding triggering factors in this
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Table 1. Characteristics of four patients with “apical ballooning” syndrome (Takotsubo-shaped cardiomyopathy) who were admitted
to the Department of Cardiology and Intensive Care, General Hospital Wels, Austria, within 8 months*

Case No.
Characteristics 1 3 4
Age (years) 84 64 64 82
Sex female male female female
Trigger event lumboischialgia/ hypothermia witnessing sister's stroke accident with multiple
intramuscular injection and seizures contusions

External trigger duration (h) 72 5 10 78
Circumstances during 24 hours  none none none none
before external trigger
External trigger intensity 2 2 2 5

(onset anger scale, ref. 18)
Symptoms acute chest pain chest discomfort chest pain chest pain
Coronary angiogram normal normal normal normal
Ventriculography (LVEF, %) anteroapical akinesia (22%) anteroapical akinesia (37%) apical akinesia (45%) apical akinesia (39%)
ECG anterior wall ST-elevation ST-depression and giant ST-elevation V2-V5 ST-depression and negative

negative T waves V2-V5 T waves V2-V5 and | + avL

CK (initial/peak, U/L) 570/645 275/945 52/184 78/234
CK-MB (initial/peak, U/L) 34/39 34/61 /24
Troponin T (initial/peak, ng/mL)  0.69/1.14 <0.03/0.42 7/0.18
Echocardiogram:

at follow up normal normal

time after event 3 weeks

LVEF (%) 68
*Abbreviations: LVEF - i

nset and a
, including Iumbolk -
brovascular accide ts eX—

cludlng death or funeral of

excitation. Also, chest pain or discomfort as an ini-
tial symptom was present in three cases, and

was a transient ﬁ;

syndrome.

Pathophysiology of Transient LV
Apical Ballooning

“Classic” myocardial ischemia (and ne-
crosis) as a result of obstruction of a large epi-
cardial vessel seems to be unlikely pathophysiolo-
gical mechanism as the results of coronary angio-
graphy performed immediately after the onset
showed no definite evidence of myocardial ische-
mia originating from epicardial obstruction in any
of the subjects (19). In contrast, lbanez et al (20)
found by ultrasound a ruptured atherosclerotic
plaque in the middle portion of the left anterior de-
scending artery in 5 patients with Takotsubo car-
diomyopathy, without any other atherosclerotic
disease. They speculated that the underlying cause

| 'asthma, acute abdomen, \.

patients ing with transient left ventricular
al ballooning commonly do not have long re-
current distal left anterior descending coronary ar-
teries and indeed manifest wall-motion abnormali-
ties beyond that of a single epicardial coronary ar-
tery distribution. Finally, acute transient right ven-
tricular systolic dysfunction has been observed in
many patients presenting with transient left ven-
tricular apical ballooning, which could not be
explained by isolated transient occlusion of the
left anterior descending coronary artery (21).

The akinetic zone at the left ventricular
apex usually does not correspond to the perfusion
territory of a single epicardial coronary artery (22).
In particular, the akinesia of the distal portion of
the posterior and inferior wall extends well be-
yond what would be expected in the case of
ischemia in the territory of the left anterior de-
scending coronary artery (LAD). The perfusion ter-
ritory usually corresponding to the LAD is con-

@M



Croat Med J

2005;46(6):942-949

fined to the anterior and anteroapical region of the
left ventricle without involving the apical posterior
and inferior left ventricular wall (22,23). More-
over, the limited release of cardiac markers dispro-
portionate to the extent of akinesia argues against
the hypothesis of necrosis based on ischemia. ECG
changes consist of ST-T segment elevation or de-
pression in several leads. Some patients with “api-
cal ballooning” present without ST segment
changes that are typical for acute ST-elevation
myocardial infarction. The dramatic improvement
of systolic left ventricular function over a few days
or weeks argues for a “functional” cause rather
than necrosis caused by a “classic” acute myocar-
dial infarction. Transient wall motion abnormality
after vasospastic angina has been discussed to
cause myocardial stunning (24,25). ECG abnor-
malities including symmetric diffuse T wave inver-

6wever, in-none of them or the patients
,19) was there defi-
limiting lesion on coro-

crovascular spasm is @ type
without si/%nificant steno-

.. We.cannot definitely
exclude the pessibility of microvascular spasm be-

. . . . chelamine levels d
cause we did not examine microvascular function. . .
r.Nt lic adenosine mon
i i S

We agree that triggering fac
important clinical informadi iﬁ gsof
“apical ballooning” E tients have uns
dergone a recentiemotional stress, but=identical

clinical presentation have-been observed in pa-
tients after a wide variety of neurologic injuries
and other types of stress, such as hypothermia or
trauma, or catecholamine cardiomyopathy during
the endocrine crisis of pheochromocytoma (2,27).
The overlapping clinical features in all these pre-
sentations suggest that myocardial stunning result-
ing from emotional stress may share a common
mechanism with neurogenic stunning of the
myocardium described after subarachnoid hemor-
rhage and stroke, which is believed to be medi-
ated by catecholamines (3,4,27,28). However,
there was no case of acute cerebrovascular acci-
dent in our series.

Wittstein et al (27) reported that patients
with “stress cardiomyopathy” had supraphysiolo-
gic concentration of plasma catecholamines and

@M

| ‘ “ seérh,s unlikely, give
ssment. Mohri et al (19) re

stress-related neuropeptides. Initial plasma con-
centrations were several times those of patients
with myocardial infarction and remained mark-
edly increased even a week after the onset of
symptoms. Enhanced sympathoneural activity was
also suggested by the increased plasma concentra-
tions of dihydroxyphenylalanine, dihydroxyphe-
nylglycol, norepinephrine, and normetanephrine,
reflecting increased synthesis of norepinephrine,
neuronal reuptake and metabolism, spillover, and
extraneuronal metabolism, respectively (27).
However, we did not measure endogenous nore-
pinephrine concentration in our patients.

A possible mechanism underlying the as-
sociation between mental stress, sympathetic stim-

ial spasm (27). In-
mental stress can

this finding
n' the relative absence of ST-
segment elevation and minimal enzymatic eviden-
ce of myocardial necrosis.

Catecholamine- %yo ardial stun-
ning may be a \@mju Elevated cate-
the viability of myocytes
ophosphate (AMP)-
diated calcium-everload and are also a potential
ource~of oxygen-derived free radicals that may
cause myocyte injury (29). Free radicals can inter-
fere with sodium and calcium transporters, possibly
resulting in myocyte dysfunction through increased
transsarcolemmal calcium influx and cellular cal-
cium overload. Kawai et al (13) recently reported
histologic findings in patients with “apical ballo-
oning” that are similar to those described in cate-
cholamine-induced cardiomyopathy. Thus, this
novel cardiac syndrome might be a clinical model
of stress-related cardiomyopathy and subsequent
sudden death (18,30,31).

There is a preponderance of women
among patients with apical ballooning, which may
suggest a biologic susceptibility of women to
stress-related myocardial dysfunction. Sex hor-
mones may influence both sympathetic activity
and coronary vasoreactivity (32). Men produce
higher concentrations of plasma catecholamines
in response to emotional stress and are more sensi-
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tive to catecholamine-mediated vasoconstriction
(33). However, women seem to be more vulnera-
ble to sympathetically mediated myocardial stun-
ning and transient left ventricular dysfunction (34).
Reduction of estrogen levels may underlie the
high incidence of apical ballooning in postmeno-
pausal women. Ueyama et al (35) subjected ovari-
ectomized and estradiol-supplemented ovari-
ectomized female rats to immobilization stress, an
animal model of stress cardiomyopathy. They
found that an increase in the serum estradiol con-
centration in this preclinical model can diminish
the pathological changes in the heart induced by
emotional stress.

Despite initially severe presentation of
“apical ballooning,” its medical management is
safe and compatible with good long-term outcome
in patients surviving the initial episode. Left ven-
tricular function usually recovers
within several weeks.
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