
Takotsubo cardiomyopathy (TTS) is characterized by acute 
reversible left ventricular dysfunction with typical wall 

motion abnormality (apical ballooning) without evidence for 

years, usually with preceding emotional trigger [2]. TTS should 
always be in the differential diagnosis in patients presenting 
with chest pain suspected to be from coronary origin. Many 
criteria have been proposed for TTS diagnosis, but the most 
commonly used are the revised Mayo Clinic diagnostic criteria 
and the international Takotsubo diagnostic criteria. These crite-
ria are largely based on the following findings: 1) Transient left 
ventricular dysfunction with the typical apical ballooning pat-
tern, 2) Absence of obstructive coronary artery disease or acute 
plaque rupture on angiography (the presence of atherosclerotic 
disease should not exclude Takotsubo, as the wall motion ab-
normalities in TTS usually extend beyond the territory of the 
involved coronary artery, 3) New electrocardiographic abnor-
mality (ST segment elevation or T wave inversion in the anterior 
leads) or cardiac troponin elevation, 4) Absence of pheochro-
mocytoma or myocarditis [3]. In order to confirm the diagno-
sis, a repeat echocardiography is needed with demonstration of 
complete normalization of cardiac shape and function, usually 
within 3-6 months. The pathophysiology of TTS is not fully un-
derstood, but several theories have been proposed to explain the 
underlying mechanisms. High levels of plasma catecholamine 
and neuropeptides have been reported in patients with TTS [4], 
although TTS has been reported also in patients after bilateral 
adrenalectomy with low serum catecholamine levels [5]. The 
high catecholamine level may induce intracellular signal switch 
from stimulatory G(s) to inhibitory G(i) protein signaling via the 

ventricular contractile dysfunction that can explain the apical 
forms of Takotsubo syndrome where beta-adrenergic receptors 
are predominant [6]. The catecholamine surge after stress epi-
sode that is responsible for regional myocardial hypercontrac-
tility was suggested as a possible TTS-like syndrome model in 

-
thelial dysfunction, different cytokine activation, impaired fatty 
acid metabolism in cardiac tissue and multi-vessel spasm [8, 
9].Treatment of TTS depends on patient clinical condition, and 
in most of the cases is supportive. In this retrospective study, we 
aimed to identify different features in the clinical presentation of 
patients with TTS as compared to those with ACS.



Thirty-five consecutive patients who were hospitalized at the 
Galilee Medical Center from 2011 to 2015 with TTS were 
compared to 60 age- and sex-matched patients with ACS. The 
diagnosis of TTS was confirmed based on clinical presenta-
tion, finding of typical apical ballooning in echocardiography, 
absence of culprit coronary lesion in angiography, and demon-
stration of complete recovery of cardiac function and shape in 
repeat echocardiography. The ACS group included patients with 
ST and non-ST segment elevation acute myocardial infarction. 
A final diagnosis of acute myocardial infarction was confirmed 
after comprehensive workup including serial troponin levels, 
electrocardiogram (ECG), echocardiogram, and coronary angi-
ography. Myocardial necrosis was based on rise and fall patterns 
of the hs-cTnI, with at least one value above the 99th percentile, 
using the fourth universal definition of myocardial infarction. 
The following data were collected: demographics, past medical 
history and atherosclerotic risk factors, preceding triggers, and 
features of the presenting symptoms. In addition, the follow-
ing ECG changes were recorded: ST-elevation (at the J-point), 
ST-depression 80 msec following the J-point, and T-wave inver-
sion at the nadir.

Qualitative parameters were presented in average and standard 
deviation and were compared using Chi-square test and Fisher's 
exact test. Wilcoxon rank sum test and independent t-test were 
used to compare quantitative variables. Statistical analyses were 
performed using IBM Statistical Package for the Social Scienc-
es statistics software, version 19 (SPSS, IBM Corp, Armonk, 
NY, USA).

Patients with acute coronary syndrome were more likely to have 
coronary artery disease and atherosclerotic risk factors in the 
background. Interestingly, the prevalence of tobacco use, fam-
ily history of coronary artery disease, and psychiatric disorders 
were similar between the groups. Table 1 summarizes the demo-
graphic and risk factors of patients with TTS and ACS. Most of 
the clinical features on admission (chest pain and the accompa-
nied symptoms) were quite similar between the two groups as 
shown in Table 2. Of note, patients with TTS had higher heart 

 = 0.029) and lower systolic blood 
pressure (129 ± 26 vs. 142 ± 30,  = 0.034). ECG changes were 
present in 86% and 83%, and were localized mainly in the ante-

groups (  = 0.033, respectively). Cardiac catheteriza-
tion in the ACS group revealed significant coronary artery dis-
ease in all patients, with demonstration of one vessel disease in 
20%, two vessel disease in 34% and three vessel disease in 46%. 

In the TTS group, coronary angiography was also performed on 
all patients. Results were significant for atherosclerotic artery 
disease in 10 (29%) patients, however, without evidence of a 
culprit lesion. The average left ventricular ejection fraction in 
the TTS group was 46 ± 5% on admission and a complete re-
covery (ejection fraction > 50%) was observed in 88% of the 
patients within 3–4 weeks. During angiography, left ventriculog-
raphy was performed in 18 (51%) of the patients in the TTS group 
and demonstrated typical apical ballooning with basal hypercon-
tractility. Average time of hospital stay was 4 days and 5 days in 
the TTS and ACS group, respectively (
50% of patients being admitted to the cardiac care unit, respective-
ly (  = 0.425). During the hospitalization, peak creatinine levels 
were higher in the TTS group (1.9 vs. 0.8 mg/dl,  = 0.004). There 
were no mortality events in the two groups during the hospital stay 
and at 1-month follow-up.

Because most patients with TTS present with acute chest pain 
and more than 80% of them have elevated troponin and ECG 
changes, discrimination between TTS and ACS may be chal-
lenging [10]. TTS is common among postmenopausal females 
and is often preceded by an emotional or physical trigger. The 
diagnosis of TTS is mainly based on the clinical presentation, 



transient left ventricular dysfunction, ECG, biomarker levels, 
and the exclusion of a culprit coronary lesion. 

In this retrospective study, we identified features to distin-
guish TTS from ACS based on clinical presentation and phys-
ical examination. As expected, most of the atherosclerotic risk 
factors were more common in the ACS group, except for tobac-
co use and family history of coronary artery disease [Table 1]. 
The features of the chest pain and its accompanied symptoms 
were similar in the two groups [Tables 2].

On admission, patients with TTS showed a significantly 
higher heart rate and lower systolic blood pressure compared 
to ACS patients. These differences can be explained by the fact 
that patients with ACS are more likely to have hypertension at 
baseline, and by the effect of the adrenergic surge that accompa-
nies TTS. In addition, atrioventricular block that may be present 
in inferior wall myocardial infarction and causes bradycardia, 
is not supposed to be part of TTS. Although an emotional event 
is commonly reported to precede the onset of TTS, we did not 
find increased chronic psychiatric disorders such as depression 
or anxiety disorder among patients with TTS compared to those 

 = 0.611). Cardiac tro-
ponin peak levels were significantly higher in the ACS group 

 < 0.0001). This finding is consistent 
with previous studies that demonstrated only slight elevation of 
troponin in TTS along with highly elevated natriuretic peptides 
[11]. ECG changes were predominant in the anterior leads in the 
majority of patients in the TTS group, although these changes 
are well documented in TTS and could not be reliable for diag-
nostic purpose. The lack of concordance between ECG changes 
and wall motion abnormality together with low troponin level 
may be suggestive for TTS. Peak CRP levels were similar in the 
groups. This result may be explained by the possible inflamma-
tory mechanisms in the two conditions. QT segment was signifi-
cantly longer in the TTS group, although no arrhythmic events 
occurred in this population. 

All patients were initially treated as ACS with anti-platelet 
therapy, anti-coagulation, and statins until final diagnosis was 
confirmed. Patients were managed according to the current 
guidelines and local policy by trained physicians in cardiology 
and acute cardiac care. The decision whether to admit a patient 
in the cardiology or cardiac care unit was based on the hemo-
dynamic condition on presentation. In our study, the length of 
stay was similar between TTS and ACS patients (4 days vs. 5 
days, respectively  = 0.216).Peak creatinine level was higher 
in the TTS group (1.9 vs. 0.8 mg/dl,  = 0.004). Acute kidney 
injury in the ACS group may be explained by higher events of 
contrast-induced nephropathy (due to larger amounts of contrast 
media during therapeutic procedure) and by the use of nephro-
toxic agents commonly used in heart failure. No patients needed 
dialysis during the hospitalization. 

Acute congestion was more prominent in the ACS group 
(15% vs. 5.2%,  = 0.005) indicating more dramatic clinical 
course in ischemic patients. Primary ventricular fibrillation 
treated by DC shock occurred in two patients in the ACS group 
and was not documented in the TTS group. There was no need 
for circulatory or respiratory support (other than noninvasive 
supplementary oxygen) and no mortality events in the two 
groups during the hospital stay and in 1-month follow-up. Com-
plete cardiac recovery (ejection fraction > 50%) was observed 
in 88% of the patients within 3 to 4 weeks. Re-hospitalization in 
one month was documented in 0.08% in the TTS group and in 
0.03% in the ACS group (  = 0.38). 

In general, the majority of the patients with TTS demonstrat-
ed a benign course with complete normalization of the cardi-
ac function, and therefore should be managed conservatively. 
Hemodynamically stable low-risk patients with preserved or 
mildly reduced systolic left ventricular ejection fraction with-
out significant secondary mitral regurgitation may benefit from 
beta-blockers and ACE inhibitors for reverse remodeling. The 
contemporary echo techniques such as speckle-tracking strain 
imaging used in recent onset cardiomyopathy [12] may also 
be implemented in TTS. In patients with acute decompensat-



ed heart failure and those with high-risk features such as low 
blood pressure and hypoperfusion on admission, beta-blocker 
therapy with short acting alpha-blockers and avoidance of sym-
pathomimetic drugs are recommended, with continuous hemo-
dynamic monitoring. Mechanical support using extracorporeal 
membrane oxygenation (ECMO) may be needed in severely ill 
patients [13]. 

We highlight the significance of multimodality approach in 
patients with suspected of TTS using biomarker levels, echocar-
diography, and angiography, as clinical judgment and ECG are 
not sufficient to discriminate this syndrome from other diseases 
due to the lack of unique clinical feature and the relatively weak 
association with psychological triggers.

The study has two main limitations. This retrospective study 
included a small sample size; however, the results reflect the 
data regarding patients with relatively low incidence disease 
through 5 years. It is important to investigate the behavior of 
this cardio-psychologic syndrome in our country, regardless of 
the existing data in the literature.

Natriuretic peptide (NP) levels were not available for the pa-
tients due to the lack of the assays during the study years. NP 
levels are used as marker in TTS as most patients demonstrate 
high NP levels with relatively low troponin level.

We could not identify a reliable clinical feature that may be 
used to distinguish TTS from ACS on admission. Even though 
a mental or physical trigger is traditionally thought to precede 
TTS, it is reported in only 60% of the patients, and the absence 
of such trigger does not exclude TTS. TTS should always be in 
the differential diagnosis in women presenting with chest pain.

Frangoul and colleagues performed electroporation of 

targeting the same 
later, both patients had high levels of allelic editing in bone 


