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Abstract 

Aim: Within this study, we investigated ECG changes 

in acute patients diagnosed with Tako Tsubo syndrome 

(TTS) and report on the prognostic impact of the 

respective ECG patterns. 

Methods and Results: This single-center study 

included 101 consecutive patients diagnosed with TTS 

between 2006 and 2017. Upon 12-lead admission ECG, 

59 patients had ST-segment elevation (58%, STEMI), 9 

patients had only ST-segment depression (9%, 

NSTEMI) and 27 T-wave inversion (27%, NSTEMI). 

Patients who were admitted to the hospital 12 hours 

after symptom onset were more likely to present with T-

wave inversion on ECG (T-inversion 47% vs. ST-

elevation 23% ST, p= 0,05). T-wave inversion was also 
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associated with significantly higher values of NT-pro-

BNP (p=0,024), while high-sensitive cardiac troponin I 

(hs-CTnI) and creatine kinase (CK) were comparable 

between the groups. There was no difference in ECG 

changes among the different types of TTS (apical, 

midventricular, apical-midventricular and basal type). In 

a second step, patients with ST-segment elevation were 

divided into three groups based on the pattern of ST-

segment elevation: Group A (concave type, n=35), 

group B (straight type, n=8) and group C (convex type, 

n=10), respectively. Straight type ST-segment elevation 

was associated with a higher incidence of in-hospital 

MACE (p = 0,002), while patients with convex type ST-

elevation were hospitalized for a longer time (p= 0,010). 

There was no difference in three-year all-cause 

mortality based on repolarization abnormalities ((χ2(2) 

= 0,839, p=0,657) or the pattern of ST-elevation ((χ2(2) 

= 0,501, p=0,778). 

Conclusion: The present study describes typical ECG 

changes in TTS and highlights their impact on cardiac 

biomarkers and clinical outcomes. There was no 

prognostic difference between ST-elevation, ST-

depression or T-wave inversion at admission ECG, 

however straight-type pattern of ST-segment elevation 

may be associated with a worse prognosis. 

Keywords: TakoTsubo syndrome; ST-segment 

elevation pattern; ECG; In-hospital complications; 

MACE; All-cause mortality; NT-pro-BNP; Troponin I 

Introduction 

Takotsubo Syndrome (TTS), commonly referred to as 

broken-heart syndrome or stress-cardiomyopathy, is 

defined by transient, circumferential regional wall 

motion abnormalities in the absence of a culprit 

coronary artery lesion. Patients, in >90 % 

postmenopausal women, typically present with a sudden 

onset of retrosternal chest pain or dyspnea accompanied 

by new electrocardiographic abnormalities, and 

mimicking acute myocardial infarction [1,2]. High 

prevalence rates of up to 1,2 – 2,0% have been reported 

among patients presenting as suspected acute coronary 

syndrome (ACS), making TTS an important differential 

diagnosis in the evaluation of patients with acute chest 

pain [3,4]. 

While TTS was generally considered a benign, 

reversible condition, there is a justified reason for 

caution [5]. Substantial rates of in-hospital 

complications and long-term mortality were observed in 

this setting. Therefore, tools to predict clinical outcome 

have been developed in order to stratify patients into 

low- and high-risk groups. Persistent ST-segment 

elevation, prolonged QTc-interval and the presence of Q 

waves have been shown to be associated with an 

increased risk of in-hospital mortality. Accordingly, an 

early detection of high-risk patients should be strongly 

considered [6,7]. 

Several studies have reported on electrocardiographic 

findings in patients with TTS. Typical presentation 

includes ST-segment elevation or T-wave inversion, 

while the number of patients presenting with ST-

depression is comparably low [8–11]. In anterior ST-

elevation myocardial infarction (STEMI), the pattern of 

ST-segment elevation (concave-, straight- or convex-

type) serves as a prognostic marker. In acute STEMI 

non-concave ST-segment elevation is suggestive of 

worse left ventricular function, larger infarction size and 

a higher rate of in-hospital complications [12–14]. To 

our knowledge, there is no data available about the 

clinical implications of such different ECG patterns in 

TTS. 

The present paper aims to expand the knowledge on 

typical ECG changes in patients with TTS and to test 
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the hypothesis that the pattern of ST-segment elevation 

has an impact on outcome in TTS.  

Methods 

Study population 

This study retrospectively investigated 136 patients who 

were hospitalized with TTS at the 3rd Medical 

Department of Cardiology and Intensive Care Medicine 

in the Wilhelminenhospital, Vienna, Austria from 

January 2006 until December 2017. Diagnosis of TTS 

was based on the criteria of the international expert 

consensus document on TTS: [1]  

1. Patients show transient left ventricular 

dysfunction (hypokinesia, akinesia, or 

dyskinesia) presenting as apical ballooning or 

midventricular, basal, or focal wall motion 

abnormalities. Right ventricular involvement 

can be present. Besides these regional wall 

motion patterns, transitions between all types 

can exist. The regional wall motion 

abnormality usually extends beyond a single 

epicardial vascular distribution; however, rare 

cases can exist where the regional wall motion 

abnormality is present in the subtended 

myocardial territory of a single coronary artery 

(focal TTS). 

2. An emotional, physical, or combined trigger 

can precede the takotsubo syndrome event, but 

this is not obligatory. 

3. Neurologic disorders (e.g. subarachnoid 

haemorrhage, stroke/transient ischaemic attack, 

or seizures) as well as pheochromocytoma may 

serve as triggers for takotsubo syndrome.  

4. New ECG abnormalities are present (ST-

segment elevation, ST-segment depression, T-

wave inversion, and QTc prolongation); 

however, rare cases exist without any ECG 

changes. 

5. Levels of cardiac biomarkers (troponin and 

creatine kinase) are moderately elevated in 

most cases; significant elevation of brain 

natriuretic peptide is common. 

6. Significant coronary artery disease is not a 

contradiction in takotsubo syndrome. 

7. Patients have no evidence of infectious 

myocarditis.  

8. Postmenopausal women are predominantly 

affected. 

Of the 136 patients in our TTS registry (2006-2017), 

101 were included in the study. Thirty-two patients 

were excluded because of missing records of admission 

ECGs or confounding factors such as TTS-like 

presentation associated with myocarditis or 

hypertrophic cardiomyopathy. Furthermore, patients 

with pacemaker rhythm (n=2) and patients with known 

bundle branch block (n=1) were also excluded from 

further statistical analysis. 

Electrocardiogram analysis 

Twelve-lead ECGs recorded at admission were 

assessed. The pathological changes, mainly of ST-

segment, were investigated. The level of the preceding 

TP segment was identified as the isoelectric line and 

ST-segment elevation was defined as a shift from the J 

point in at least two contiguous leads of ≥ 0.25 mV in 

men < 40 years, ≥ 0.2 mV in men ≥ 40 years, or ≥ 0.15 

mV in women in V2-V3 and/or ≥ 0.1 mV in the other 

leads. ST-segment depression was defined as a 

depression of ST-segment from the J point in at least 

two leads of ≥ 0.1 mV in the limb electrodes or ≥ 0.2 

mV in precordial electrodes. T-wave inversion was 

defined as a symmetric negative T wave in at least two 

contiguous leads.  

The patient’s ECGs were characterized and allocated 

into groups based on the time delay of onset-of-
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symptoms to first ECG in two groups: 1. patients with 

ECG within the first 12 hours after the onset of 

symptoms (Group Aa) and 2. patients with ECG later 

than 12 hours after the onset of symptoms (Group Bb). 

The difference in ECG changes in acute and subacute 

settings was examined. Furthermore, ECG changes 

irrespective of time until the first ECG were 

investigated. 

In a second step, patients were divided into three groups 

according to the pattern of ST-segment elevation in 

leads representing the anterior heart wall, mainly V2-

V4, respectively: Group A (concave-type), group B 

(straight-type) and group C (convex-type) (Figure 3 and 

Figure 4). Only patients with a symptom onset of ≤ 12 

hours were included in this statistical analysis. 

The ECGs were evaluated by two investigators blinded 

to the patient`s data. If their verdict was in 

disagreement, a third observer established consensus. 

Data collection 

Patient’s data were gathered retrospectively from the 

electronic patient’s database, which holds the data about 

the patients treated in hospitals of The Vienna Hospital 

Association and from the local archive of the 3 medical 

Department of Cardiology and Intensive Care Medicine 

in Wilhelminenhospital, Vienna. 

Medical history, cardiovascular risk factors, laboratory 

values at admission and complications during 

hospitalization were collected by reviewing the patient´s 

data records. In-hospital major adverse cardiovascular 

events (MACE) were defined as cardiac 

decompensation, cardiac arrhythmias, and cardiogenic 

shock during hospitalization for the index event. 

Complications, not directly linked to the cardiovascular 

system, were defined as non-cardiovascular 

complications. 

Data monitoring was performed for implausible values 

and the initial prospective data collection was improved 

by control, and the addition of missing data for the 

individual patient. The mortality data were obtained 

from Statistics Austria, an independent and non-profit-

making federal institution under the public law that 

supports scientific services. The Cause of death was 

reported using the International Statistical Classification 

of Disease and Related Health Problems (ICD-10). The 

data bank was designed and performed according to the 

Helsinki criteria after evaluation by the local ethics 

committee (EC Number: 12-255-0213). 

Statistical analysis 

Patient’s characteristics, cardiovascular risk factors, 

laboratory values, in-hospital complications, and 

mortality were studied and compared based on the 

different ECG-characteristics. Parametric variables are 

presented as the mean ± standard deviation. Non-

parametric variables are reported as median with 

interquartile range. ANOVA and Kruskal-Wallis test 

were used to evaluate differences in continuous 

variables, as appropriate. Differences between groups in 

categorical variables were analyzed using the chi-square 

test of homogeneity with multiple z-tests of two 

proportions or Fischer exact Test. Survival curves were 

generated with the Kaplan-Meier method and compared 

by use of the log-rank test. For all tests, a p-value of 

<0.05 was considered to be statistically significant. All 

calculations were performed using the SPSS 25 

statistical package for Windows (IBM Corp. Released 

2017, IBM SPSS Statistics for Windows, Version 25.0. 

Armonk, NY: IBM Corp). 

Results 

Baseline characteristics 

After the exclusion of patients mentioned in the 

methods, a total of 101 TTS patients were included in 

the study. The mean age among all patients was 
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approximately 69.7 years (± 12.5) and 85% of patients 

were female (Table 1). This is in line with previously 

published data on TTS patients, which are typically 

postmenopausal women. Additionally, 5.1% of the 

study population had a previous history of myocardial 

infarction, 8.2% a history of stroke and COPD was 

present in 21.2% of cases. The mean value of Troponin 

I was 3.5 ng/ml and the mean value of NT-pro-BNP was 

4823.4 pg/ml, respectively.  

ECG changes 

ECG-changes upon admission were stratified by the 

time delay of symptom-onset to the recording of the 

first in-hospital ECG (Table 2). While patients with an 

onset of symptoms less than 12 hours before admission-

ECG (Group Aa), typically presented with ST-segment 

elevation (61.6% vs. 40.0% in Group Bb), the most 

common findings among patients with a symptom onset 

of more than 12 hours were T-wave inversions (46.7% 

vs. 23.3% in Group Aa). ST-segment depression was an 

uncommon finding in both acute (≤12 hours) and 

subacute presentation (>12 hours). Admission ECG 

changes were consistent among the different types of 

left ventricular dysfunction in TTS (apical, 

midventricular, apical-midventricular and basal 

ventricular dysfunction) with the most common finding 

being ST-segment elevation (Table 3).  

For the assessment of the impact of ECG changes on 

biomarkers and prognosis, we excluded patients with 

bundle branch block and normal ECG due to the low 

incidence. Biomarker analysis showed that patients with 

T-wave inversions had significantly higher levels of 

NT-pro-BNP (p=0.024). CK and troponin I values were 

largely comparable between the groups (Table 1 and 

Figure 1). Kaplan-Meier analysis did not show any 

statistically significant difference in three-year all-cause 

mortality in patients with ST-elevation, ST-depression 

or T-inversion (χ2(2) = 0.839, p=0.657) (Figure 2a). 

Analysis based on the ST-elevation pattern 

In a second step, we stratified patients into three groups 

according to the pattern of ST-segment elevation on 

admission. Concave ST-shape was present in 35 (66%), 

straight type in 8 (15%) and convex type in 10 (19%) 

patients, respectively. Baseline characteristics were 

largely comparable, except for a lower history of 

hypertension in the straight type ST-segment elevation 

group. Cardiac biomarkers, notably CK, high-sensitive 

cardiac troponin I (hs-CTnI) and NT-pro-BNP values at 

admission did not differ between groups (p= 0.243; p= 

0.167; p= 0.804, respectively). Mean left ventricle 

ejection fraction (LVEF) at admission was 49.2% 

(±14.0) without significant difference between groups 

(p=0.447) (Table 1). 

Patients with straight type ST-segment elevation had a 

significantly higher rate of MACE compared to patients 

with the concave type in univariate analysis (p= 0.002). 

However, no statistically significant difference in 

MACE rate was observed between patients with straight 

and convex ST-elevation shape (p= 0.118) as well as 

between concave and convex type (p= 0.399).  

Moreover, univariate analysis revealed that patients 

with convex ST-elevation were hospitalized for a longer 

time than patients with concave ST-elevation (p= 0.010) 

but not longer than patients with straight ST-elevation 

(p= 0.142) (Table 1). 

Kaplan-Meier analysis demonstrated no significant 

difference in three-year all-cause mortality between 

groups (χ2(2) = 0.501, p=0.778) (Figure 2b). 
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Table 1: Baseline characteristics, type of left ventricular dysfunction, biomarkers and complications of the whole 

TTS study population (n=101) and in different subgroups based on the ECG change (n=95) and ST-elevation pattern 

(n=53). 

SD- standard deviation, MI- myocardial infarction, PCI- percutaneous coronary intervention, CAD- coronary artery 

disease, COPD – chronic obstructive pulmonary disease, PAOD- peripheral arterial occlusive disease, EF- ejection 

fraction, CK-creatinine kinase, NT-pro-BNP - N-terminal pro brain natriuretic peptide, TTS- Tako Tsubo syndrome 

ECG pattern Total (n= 101) 

Patients with Onset-of-

symptoms to ECG  12 hours 

(Group Aa) N=86 

Patients with Onset-

of-symptoms to ECG 

>12 hours 

(Group Bb) N=15 

p- value 

ST-elevation (%) 58.4 61.6 40.0 0.12 

ST-depression (%) 8.9 9.3 6.7 0.74 

T inversion (%) 26.7 23.3 46.7 0.05 

LBBB de novo (%) 2.0 2.3 0 0.55 

RBBB de novo (%) 3.0 2.3 6.7 0.36 

Normal ECG (%) 1.0 1.2 0 0.68 

Table 2: ECG characteristic of patients with TTS based on the time of presentation in Wilhelminenhospital. 

LBBB- left bundle branch block, RBBB- right bundle branch block, TTS- Tako Tsubo syndrome 
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Table 3: ECG changes based on the pattern of left ventricular dysfunction 

LBBB- left bundle branch block, RBBB- right bundle branch block 

Figure 1: Boxplot of biomarkers based on the type of repolarization abnormality and ST-elevation pattern.

CK-creatinine kinase, NT-pro-BNP - N-terminal pro brain natriuretic peptide 

Left ventricular 

dysfunction 
Apical 

N=37 

Midventricular 

N=10 

Apical-

midventricular 

N=39 

Basal 

N=4 
ECG pattern 

ST-elevation (%) 67.6 50.0 53.8 75.0 

ST-depression (%) 2.7 20.0 10.3 0 

T inversion (%) 21.6 30.0 30.8 25.0 

LBBB de novo (%) 0 0 2.6 0 

RBBB de novo (%) 8.1 0 0 0 

Normal ECG (%) 0 0 2.6 0 



Cardiol Cardiovasc Med 2019; 3 (6): 438-449         DOI:   10.26502/fccm.92920094 

Cardiology and Cardiovascular Medicine                      Vol. 3 No. 6 - December 2019. [ISSN 2572-9292]                445  

(a)        (b) 

Figure 2: 

a): Three-years all-cause mortality (Kaplan-Meier analysis) in groups with different repolarization abnormalities.  

ST-elevation- red solid line, ST-depression- blue solid line, T-inversion- green solid line, respectively 

b): Three-years all-cause mortality (Kaplan-Meier analysis) in groups with different ST-elevation pattern.  

concave ST-elevation- burgundy solid line, straight ST-elevation- blue dotted line, convex ST-elevation- lila solid 

line, respectively

Figure 3: Shapes of ST-segment elevation 

A= concave, B= straight, C= convex 
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Figure 4: ECG Examples of the 3 types of ST-elevation shape 

A= concave, B= straight, C= convex 

Discussion 

This single-center retrospective study of ECG changes 

in patients with TTS showed that the most common 

change on admission ECG of patients who were 

admitted within the first 12 hours of symptom-onset is 

ST-elevation. Whereas, in patients who presented later 

than 12 hours after symptom-onset, the most common 

finding was T-wave inversion. This is in agreement with 

other studies, which showed an evolution of ST-

elevation and ST-depression into T-wave inversion by 

24 to 72 hours after onset of symptoms [8–10,15]. 

T-wave inversion was also associated with significantly 

higher levels of NT-pro-BNP. The level of NT-pro-BNP 

was four times higher than in patients with ST-elevation 

or ST-depression. There was no significant difference in 

levels of troponin I and CK between the groups. This 

may be linked to the time course of electrocardiographic 

changes in TTS as T-wave inversion on admission ECG 

suggests a more advanced stage of the disease. While 

high-sensitive troponin and CK levels tend to peak 

within 24 hours after the onset of acute chest pain in 

patients with TTS, NT-pro-BNP levels keep rising 

beyond 24-48 hours [16]. The higher levels of NT-pro-

BNP, as well as the tendency towards a lower ejection 

fraction in patients with T-wave inversion had no 

impact on long-term mortality or in-hospital 

complications, respectively. We also showed that the 

pattern of left ventricular dysfunction (apical, 

midventricular, apical-midventricular and basal type) 

cannot be predicted by repolarization abnormalities on 

admission ECG. ST-segment elevation was the most 

common ECG change in all types of ventricular 

dysfunction.  

In this study, we further analyzed the ST-segment 

elevation pattern on admission ECG of TTS patients. 

The results revealed a significantly higher rate of in-

hospital MACE, based on univariate analysis, and 

higher in-hospital mortality in patients with straight-

type ST- elevation. Moreover, convex-type ST-

elevation was associated with an extended hospital stay.  
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Several studies have investigated the prognostic impact 

of various ECG changes in patients with TTS before 

[11,15,17,18]. The incidence of prolonged QT time in 

TTS and its impact on the risk of arrhythmias [17] or 

the impact of persistent ST-elevation on outcome in 

TTS patients have been well characterized [18]. This is 

the first study investigating the prognostic impact of 

different patterns of ST-segment elevation upon 

admission ECG.  

The underlying pathology for the different shapes of 

ST-elevation in patients with TTS is not apparent. In 

STEMI, it has been discussed that the form of ST-

elevation changes might be due to ischemia by 

modification of transmembrane potential, lower 

amplitude and shorter duration of an action potential, 

and delayed activation [19,20]. Hence, the shape of ST-

elevation could correlate with the severity of the 

myocardial injury. Studies including patients with 

anterior STEMI demonstrated higher levels of cardiac 

biomarkers, worse left ventricular function, higher 

incidence of severe complications and higher mortality 

in patients with straight and convex type ST-segment 

elevation as analyzed by univariate and multivariate 

regression analysis [12–14]. ST-elevations in ACS 

patients result from the ischemia triggered by the 

prolonged occlusion of a major epicardial coronary 

artery. However, ischemia in TTS patients might among 

other reasons be the result of short-term vasospasm, 

microcirculatory impairment or vasoconstriction of 

coronary arteries due to increased catecholamine levels 

[18,21]. Although TTS itself and the ischemia in TTS is 

caused by a different trigger than the ACS, our results 

seem to correspond with the findings of studies 

investigating different ST-elevation pattern in ACS 

patients. 

Based on the studies, which have shown that mortality 

and morbidity rates in TTS are comparable to those of 

ACS [22], the recently published international expert 

consensus paper by the European Society of Cardiology 

(ESC) stresses the relevance of TTS as a serious 

condition. Therefore, adequate early management, 

including both diagnostic, monitoring and therapeutic 

procedures of patients with TTS is critical in reducing 

the rate of complications and in-hospital mortality [23]. 

Although the study population was relatively small, this 

analysis indicates an association of non-concave ST-

shape elevation with worse outcomes. Furthermore, the 

presence of T-wave inversion at the time of admission 

was correlated with significantly higher levels of NT-

pro-BNP.  

Limitations and strengths 

Potential limitations of this investigation include the 

single-center nature of our study, the retrospective 

design of our research, as well as the relatively small 

study population, which is not tiny in comparison to 

other studies in TTS patients. The relatively small study 

population, however, prohibited the performance of 

several statistical analyses. Accordingly, this study is 

mainly hypothesis-generating.  

Strengths of our study are the consecutive inclusion of 

TTS patients, the long median follow-up, and the well-

managed database for baseline characteristics and 

clinical endpoints including cardiovascular and non-

cardiovascular complications and in-hospital as well as 

long-term all-cause mortality for all TTS patients. 

Conclusion 

The present study confirms the typical findings of 

previous ECG studies in TTS including ST-elevation or 

T-wave inversion depending on the timing of admission. 

The present study also indicates that the pattern of ST-

segment elevation, as well described for acute STEMI 

patients, especially the straight-type ST elevation, might 
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also be used for risk stratification in TTS patients. As 

this study has a pilot phase character, additional studies 

with larger sample sizes are needed to validate the 

findings of our study. 
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