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Background: Original descriptions of the takotsubo syndrome (TS) included a characteristic left ventricular
(LV) contraction pattern, ‘‘apical ballooning.’’ Recently, several reports have associated contraction patterns
not strictly conforming to the original description with TS. The specifics of the contraction pattern seem to set
TS apart from the much larger population of patients with acute coronary syndrome (ACS) but no obstructive
coronary artery disease (OCAD). This study was undertaken to compare patients with midventricular and
apical dysfunction with those with other LV contraction patterns.
Hypothesis: If TS can present with a variety of patterns of LV dysfunction, then both those with and those
without the pattern should have the clinical components previously assigned to the syndrome.
Methods: We studied LV contraction patterns in consecutive ACS patients referred for consideration of
emergent or urgent percutaneous coronary intervention.
Results: Of the 893 patients evaluated in 2008, we excluded 862 on the basis of OCAD, preexisting LV
dysfunction, or an obvious alternative cause of symptoms. The remaining 31 (3.5%) also had no OCAD but
manifested an LV contraction abnormality. We compared the 15 patients (1.7%) whose ventriculograms met
criteria for TS with the 16 patients (1.8%) whose did not. The most common alternative pattern was global
hypokinesis, followed by a variety of segmental contraction abnormalities. Patients with the TS pattern were
older and had evidence of greater myocardial injury. More than 85% were women.
Conclusions: The TS pattern identifies a distinct subset of ACS patients with a remarkable predominance of
postmenopausal women and is therefore fundamental to the definition of this entity. This distinctive facet of
the syndrome is likely to be an important clue to its pathogenesis. We did not encounter patients with other
patterns of LV dysfunction that could be thought to represent stress-induced cardiomyopathy.

Introduction
First described in 1991, the takotsubo syndrome (TS), also
known as ‘‘stress-induced cardiomyopathy’’ or ‘‘apical bal-
looning syndrome,’’ is characterized by chest discomfort,
elevated myocardial markers, and ischemic electrocardio-
graphic (ECG) changes.1 Two features justify viewing this
group as distinct from the vast majority of patients with
acute coronary syndromes (ACS): 1) absence of obstructive
coronary artery disease (OCAD) on angiography, and 2) a
distinctive contraction abnormality of the left ventricle (LV).
The syndrome draws its name from the latter. ‘‘Takotsubo’’

The authors have no funding, financial relationships, or conflicts
of interest to disclose.

is the Japanese term for an octopus trap. The pot shape of
this trap resembles the systolic deformity of the LV resulting
from this contraction pattern.

Normal or near-normal coronary arteries on angiography
are not rare in patients with suspected ACS. They
have been reported in 2.6% to 13% of such patients.2–5

On the other hand, the LV contraction pattern is
distinctive and a critical part of the syndrome. It is most
often described as akinesis or dyskinesis of the apical
segment of the LV as well as hypercontractility of the
base.6–8 This pattern seems to reflect ischemic injury
that encompasses >1 coronary distribution.8 Evidence
has appeared suggesting that TS may present with
midventricular dysfunction sparing the apex.9 This has
been well studied and incorporated into the most recent
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set of diagnostic criteria.8 Recently, some have argued
that even other patterns of LV dysfunction, such as global
hypokinesis or focal wall motion abnormalities, should
also be considered variants of this clinical syndrome.10–15

Adding to this debate, apical ballooning has been identified
in a significant proportion of patients with anteroseptal
myocardial infarction (MI).16

Thus, investigators have proposed that the pathogenetic
mechanisms responsible for TS may result in a variety of
LV contraction abnormalities. Insofar as this is true, the
classic octopus-pot shape is neither completely sensitive
nor specific for these mechanisms. As yet a large population
with suspected ACS meeting criteria for stress-induced
cardiomyopathy has not been systematically reviewed for
the presence of alternate patterns of LV dysfunction.

We undertook this study to compare ACS patients
without OCAD who manifest midventricular and apical
dysfunction with those with other LV contraction patterns.
Our hypothesis was that if TS can present itself with any
form of LV dysfunction, the 2 groups will be similar and fit
the phenotype previously described for the syndrome.

Methods
This project was approved by the institutional review board
of the Medstar Research Institute. All patients provided
consent to the operator prior to the cardiac catheterization
procedure.

From our ongoing registry of patients referred for
consideration of percutaneous coronary intervention (PCI),
we identified all those who underwent emergent or
urgent cardiac catheterization between January 1, 2008 and
December 31, 2008 because of suspected ACS. Patients with
ST-elevation and non–ST-elevation ACS were included. The
decision to proceed with coronary angiography was based
on the clinical presentation, electrocardiographic findings,
and levels of cardiac markers. We selected for analysis
those with normal or near-normal coronary angiograms.
We excluded those with: 1) an obvious noncardiac cause
of the syndrome, 2) known or probable preexisting LV
dysfunction from any cause, 3) a history of revascularization
(surgical or percutaneous), or 4) known coronary artery
disease (eg, documented prior MI or abnormal coronary
angiography). The remaining patients were included in our
initial analysis.

Two of the investigators independently reviewed their
coronary angiograms and LV angiograms. A complete
review of available records was carried out on those with
abnormal LV contraction patterns. Those with a presenting
illness that might plausibly account for the LV dysfunction
(eg, sepsis or cardiac arrest) were excluded. Thus, the study
population consisted of consecutive patients presenting
with: 1) symptoms consistent with ACS, 2) no OCAD, and
3) LV dysfunction with no other apparent reason. Patients
were considered to have the ‘‘TS pattern’’ if they met Mayo
Clinic criteria, which considered midventricular dysfunction
with or without apical ballooning to be necessary for its
diagnosis.8

Statistical Analysis

Continuous variables were reported as mean ± SD and
compared using the Student t test. Categorical variables

were expressed as proportions and compared by means of
contingency tables. Differences were tested by means of
either the χ2 or Fisher exact test. A 2-tailed P value <0.05
was considered to indicate statistical significance. Statistical
analysis was performed using SAS version 9.1 (SAS Institute,
Cary, NC).

Results
Of the 893 patients with ACS referred for urgent or emer-
gent PCI during the calendar year 2008, 767 (85.9%) were
excluded on the basis of OCAD on angiography, a history
of revascularization, an obvious noncardiac cause of the
syndrome, or known prior LV dysfunction. Of the remaining
126 (14.1%) patients, 83 had normal LV systolic function
on LV ventriculography and were not further analyzed.
Twelve patients were found to have a presenting illness
that plausibly could have been an alternative cause for LV
dysfunction (eg, cardiac arrest, septic shock) and were
excluded from final analysis.

Therefore, the study population consisted of 31 consecu-
tive patients presenting with: 1) apparent ACS, 2) normal or
near-normal coronary arteriograms, and 3) no other reason
for LV dysfunction. Of those, 15 (1.7%) had a LV contraction
pattern meeting the Mayo Clinic criteria for TS. Among
the 16 (1.8%) without the TS contraction pattern, the most
common alternative pattern of LV dysfunction was global
hypokinesis, followed by a variety of segmental abnormal-
ities (Figure 1). The most common clinical diagnosis for
these was myocarditis. Figure 2 depicts the specifics of
patient selection.

Table 1 shows the characteristics of these 31 patients.
Patients with the TS pattern were significantly older
(P < 0.001). Thirteen (86.7%) were female. There was
no difference in the presence of cardiac risk factors such
as hypertension, diabetes, and hyperlipidemia (Table 2).
Nearly all patients in both groups presented with chest pain,
shortness of breath, or a combination of both (Table 1).
Psychological or physiological stress preceding the onset
of symptoms was documented in 5 patients in the TS group
and only in 1 patient in the control group. The clinical
records were often incomplete with regard to this aspect of
the history.

Patients with the TS pattern were more likely to have
striking ECG abnormalities defined as either 2 mm of ST-
segment elevation or 5 mm of T-wave inversion. In the 2
patients without the TS pattern who had ST-segment ele-
vation, the changes were diffuse and were accompanied by
PR-segment depression, findings suggestive of pericarditis.
Both were discharged with the diagnosis of myopericardi-
tis. Patients with the TS pattern tended to have higher peak
troponin values, but this difference did not reach statistical
significance (P = 0.08).

By definition, all patients in the takotsubo group
had midventricular dysfunction. All but one had apical
ballooning. In the other group, the most common pattern
was global hypokinesis (n = 7). Others had segmental
contraction abnormalities inconsistent with the TS pattern,
such as inferior or basal hypokinesis. Patients without
the TS pattern had significantly higher ejection fractions
(48.2% ± 6.7% vs 33.6% ± 7.7%, P < 0.001).
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Figure 1. Left ventriculograms/systolic images. (A) Apical ballooning. (B) Midventricular dysfunction without ballooning of the apex. (C) Global hypokinesis.

Figure 2. Study design. Abbreviation: LV, left ventricular.

The discharge diagnosis assigned by the primary team
to all patients with midventricular dysfunction was TS. In
the other group, the most common discharge diagnosis
was suspected myocarditis. This diagnosis was supported
by a compatible magnetic resonance imaging (MRI) with
delayed contrast enhancement in half of the cases. Other
diagnoses recorded at discharge were pericarditis, MI, and
noncardiac causes (Table 3).

Discussion
Most of what is known about TS comes from case
series in which patients were selected based on the
typical contraction pattern or on the suspicion of stress-
induced cardiomyopathy by the attending physician. This

Table 1. Presentation, Electrocardiogram, and Troponin

Takotsubo
(n= 15)

Other
(n= 16) P Value

CC

Chest pain 12/15 (80%) 14/16 (87.5%) 0.7

Dyspnea 6/15 (40%) 10/16 (62.5%) 0.4

Nausea 1/15 (6.7%) 2/16 (12.5%) 1.0

Others 5/15 (33.3%) 4/16 (25%) 0.7

ECG

ST-segment abnormality 7/13 (53.8%) 2/12 (16.7%) 0.1

T-wave abnormality 9/13 (69.2%) 0/12 (0%) 0.005

Either 11/13 (84.6%) 2/12 (16.7%) 0.003

Cardiac markers

TnI >ULN 13/14 (92.9%) 9/15 (60%) 0.08

TnI >3 × ULN 11/14 (78.3%) 6/15 (40%) 0.08

Abbreviations: CC, chief complaint; ECG, electrocardiogram; TnI,
troponin I; ULN, upper limit of normal.

may have caused patients with similar pathogenetic
mechanisms but with different forms of LV dysfunction
to be inappropriately excluded. The present study spreads
a wider net. It describes a consecutive series of patients
with suspected ACS and focuses on those with no OCAD
but with LV dysfunction of any form. Unlike previous
studies, we reviewed all left ventriculograms, including
all patients who could be thought to have stress-induced
cardiomyopathy.

The frequency of midventricular dysfunction in our
study was 1.7%. This is similar to the frequency of TS
in larger series that selected patients based on this
contraction pattern.17 Importantly, 1 of our patients had
midventricular dysfunction without ballooning of the apex,
a pattern consistent with that described by Hurst et al and
incorporated into Mayo Clinic criteria.9 The proportion of
patients with this variant in our series was much lower than
the 40% reported by Kurowski et al, which puts its true
incidence in question.17
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Table 2. BaselineCharacteristics

Takotsubo
(n= 15)

Other
(n= 16) P Value

Mean age, y 66.3 ± 11.5 42.1 ± 15.5 <0.001

F 13 (86.7%) 8 (50%) 0.05

HT 9 (60%) 4 (26.7%) 0.1

DM 1 (6.7%) 0 (0%) 1.0

HL 4 (26.7%) 3 (20%) 1.0

Serum Cr >2 mg/dL 3 (21.4%) 2 (15.4%) 0.6

Abbreviations: Cr, creatinine; DM, diabetes mellitus; F, female; HL,
hyperlipidemia; HT, hypertension.

Table 3. Discharge Diagnosis

Takotsubo
(n= 15)

Other
(n= 16)

Takotsubo 15 (100%) 0 (0%)

Possible myocarditis 0 (0%) 6 (37.5%)

Pericarditis 0 (0%) 1 (6.2%)

NSTEMI 0 (0%) 2 (12.5%)

Noncardiac 0 (0%) 2 (12.5%)

None 0 (0%) 5 (31.2%)

Abbreviations: NSTEMI, non–ST-segment-elevation myocardial
infarction.

When those with the TS pattern were compared with
those with other abnormalities of LV contraction, the usual
cardiac risk factors were similar. There were, however,
important differences: takotsubo patients were older
(P < 0.001), more often female (P = 0.05), and had
evidence of larger areas of LV injury (eg, more dramatic
ECG changes [P = 0.003], greater elevation in biomarkers
[P = 0.08], and lower LV ejection fraction [P < 0.001]).
Physical or emotional stressors were more frequently
recorded in this group, even though documentation in
this regard was often lacking. These features have all
been associated with TS in previous case series.6,7,17–20

Thus, the clinical features of the patients with the typical
contraction pattern of TS differed from those with other
patterns and fit with those previously attributed to the
syndrome. This observation supports the idea that apical
and midventricular ballooning, but not other contraction
abnormalities, identifies a population with distinctive clinical
features that may prove to be key to understanding the
pathogenesis of the disorder. Moreover, this notion gains
further support from the observation that in almost 900
patients with suspected ACS, no patients with other patterns
of LV dysfunction could be thought to represent stress-
induced cardiomyopathy as recently described.10–15 If those
variants truly exist, they are far less commonly encountered
than the typical pattern, and the diagnosis of TS in these
patients should be pursued with caution.

Although it was not the aim of this study, it is probably
important to comment on the cause of LV dysfunction in
the control group. The heterogeneity observed in those
patients may indicate that they represent a mixture of
atypical presentation of myopericarditis, previously unrec-
ognized contraction abnormalities, coronary vasospasm, or
underestimated coronary artery disease. Potentially useful
tests, such as cardiac MRI, were available in only a few
cases. Previous studies using this imaging modality have
identified findings consistent with myocarditis in about half
of the patients with suspected ACS and no OCAD.21,22 MRI
has also been shown to be of value in the workup of TS.
In this setting however, specific patterns have yet to be
determined.23–26

Over the years, the participation of a stress-induced cat-
echolamine surge in TS has gained significant support.
Wittstein et al studied catecholamine levels in 19 patients
who were admitted with cardiac symptoms and LV dys-
function following severe psychological trauma.27 Only 1 of
the 19 had obstructive coronary disease. They found lev-
els of plasma catecholamines on admission in TS patients
to be markedly higher than in 7 control patients with Kil-
lip class III heart failure after MI. Others have also found
higher catecholamine levels in TS patients as compared
with those with MI.28 The mechanisms through which
a catecholamine surge might result in the TS contrac-
tion pattern have been a target of research interest. Even
though most adrenergic nerve endings are thought to be
located around the base of the LV, there is some evidence
that the apex has a higher density of receptors, making
it more susceptible to catecholamine-induced microvas-
cular dysfunction and direct myocyte toxicity.29–32 Other
explanations for midventricular and apical abnormalities
are a ‘‘base-to-apex perfusion gradient’’ and even tran-
sient occlusion of a ‘‘wraparound’’ left anterior descending
artery.27,33,34

The most remarkable difference between the 2 groups
in this study was the clear predilection for women, (post-
menopausal women in particular). This has been consistent
in most previous reports, including those in which the
syndrome was attributed to unrecognized OCAD.34 It is
also a feature that sets TS apart from all other ACS. We con-
clude that the consistency with which female preponderance
occurred both in our patients and in prior reports supports a
conclusion that physiological differences between genders
play a major role in the mechanism of this distinctive contrac-
tive pattern, and consequently provide a strategic direction
for new investigations. Importantly, 2 studies provide an
investigational underpinning to a link between female hor-
mones or lack thereof and TS. The work of Sung et al and
Komesaroff et al suggests that estrogen therapy attenuates
the response of the vasculature to catecholamines or to
mental stress in postmenopausal women.35,36

Study Limitations
The number of patients available for the comparison limits
the ability of the data to convincingly detect differences
between patients with contrasting contraction patterns.
Nevertheless, the consistency of female dominance in
our data and that in clinical series provides reassurance
that the difference with regard to gender is real. That
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fact that physical or emotional stressors were more
often recorded in patients with the takotsubo pattern
may simply reflect the fact that doctors are more likely
to search for it once this diagnosis is considered.
The presence of such events is not necessary for the
diagnosis of TS, according to current criteria, and was
not critical to our conclusions. Our study also has the
limitations inherent to all retrospective analysis, and
tests such as cardiac MRI were not available for all
patients.

Conclusion
Even though there have been previous studies comparing
‘‘typical vs atypical’’ TS, namely apical vs midventricular
ballooning,11,37 this is the first study to investigate the much
larger population of patients with suspected ACS and LV
dysfunction but no OCAD. We conclude that the predilec-
tion for women and for the apical and midventricular seg-
ments should guide future research into the pathogenesis
of this entity; that if other variants of TS exist, they are quite
rare; and that the diagnosis of stress-induced cardiomyopa-
thy in this setting should be considered with prudence.
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