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ABSTRACT 

Takotsubo syndrome (TTS) is a transient cardiomyopathy whose diagnosis is based on the 

"InterTAK" criteria that are mostly clinical. However, cardiac magnetic resonance imaging 

(CMR) may be helpful to differentiate TTS from myocardial infarction or myocarditis. T2-

weighted (T2W) imaging provides insights into tissular characteristics such as edema usually, 

with either a visual or quantitative assessment. This study sought to establish the specific 

apicobasal gradient pattern of edema in TTS compared to other acute cardiomyopathies. 

We retrospectively included 42 patients with CMR-confirmed TTS and a control group of 65 

patients with acute myocarditis and 24 patients with chronic myocarditis. We performed 

manual delineation of the endocardium and the epicardium on each T2W short-axis slices. The 

mean T2 value was computed on each slice.  

We observed a specific T2W gradient slope in the TTS group (13.9+14.8) compared to the 

acute myocarditis group (-0.90+5.14) so as to the chronic myocarditis group (-1.49+5.23). 

This difference persisted even if only 3 slices (basal, median and apical) or 2 slices (basal and 

apical) were selected for slope computation. 

Our study showed that the presence of a T2W apicobasal gradient is a readily attainable and 

distinctive means to differentiate TTS from myocarditis. 
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INTRODUCTION 

Takotsubo syndrome (TTS) is a transient cardiomyopathy whose initial presentation mimics 

that of an infarction, typically in a context of physical or psychological stress. Its diagnosis is 

based on the "InterTAK" criteria that are mostly clinical [1]. 

However, cardiac magnetic resonance imaging (CMR) may be helpful to differentiate TTS from 

its two differential diagnoses that are myocardial infarction and myocarditis. TTS show some 

specific CMR criteria, such as severe LV dysfunction with typical wall motion apical 

abnormalities combined with myocardial edema but no or low signal areas on late gadolinium 

enhancement (LGE) [2].  

Hence, the assessment of edema is usually obtained by T2-weighted (T2W) imaging, with 

either a visual or quantitative assessment [3,4]. In TTS, an intramyocardial apicobasal gradient 

is often reported, with greater values at the apex.  

We sought to establish and formalize the specific T2W apicobasal gradient pattern in TTS 

compared to other acute cardiomyopathies.  
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METHODS 

1. Population  

The study retrospectively included 59 patients with CMR-confirmed TTS between December 

2008 and December 2021 in a single tertiary University Hospital. As control groups, we 

selected 170 patients with acute myocarditis (according to Lake Louise criteria) [5] who 

underwent CMR between January 2014 and December 2018. 69 of them underwent a second 

follow-up CMR at a mean distance of 93 ± 43 days. 

Exclusion criteria included the absence of a short-axis T2W (n=13 for TTS group, n=21 for 

acute myocarditis group and 10 for chronic myocarditis group), major respiratory artefacts 

(n=4 for TTS group, n=54 for acute myocarditis group and n=22 for chronic myocarditis group) 

and insufficient number of slices (<6) (n=30 for acute myocarditis group and 13 for chronic 

myocarditis group).  

We collected all morphometric, biological and electrocardiographic variables from medical 

records and independently of CMR analyses. 

2. CMR protocol and analysis  

The comprehensive CMR protocol included cine MR, T2W, first pass, early and LGE imaging. 

T2W was performed as fast spin echo on a stack of contiguous short-axis views covering the 

entire left ventricle in mid-diastole. 

The CMR images were transferred to a workstation for analysis (Qmass 7.1, Medis, Leiden, The 

Netherlands). We performed manual delineation of the endocardium and the epicardium on 

each T2W short-axis slices; with sufficient distance from the blood pool and trabeculations 

(notably at the apex) and from epicardial fat (Fig. 1). The mean T2 value was computed on 

each slice.  
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3. Statistics  

Data were given as mean ± standard deviation and number (proportion). Student test and chi-

squared test were used to compare categorical and continuous data. A p<0.05 was considered 

significant.  

For this matter, the models were run on sets of contiguous slices, then on selection of 3 slices 

(base, mid-ventricle and apex) and finally on the selection of only the base and apical slices.  
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RESULTS 

1. Population study  

Compared with myocarditis patients, patients with TTS were older (70 ± 14 vs 36 ± 16 years, 

p<0.001), more feminine (95.2% vs 16.9%, <0.001) and had significantly more hypertension 

(52.4% vs 9.2%, p<0.001) and dyslipidemia (38.1% vs 10.8%, p = 0.005). Initial dyspnea 

was significantly more prevalent in the TTS group (26.2% vs 7.7%, p = 0.029), while chest 

pain was significantly less prevalent (64.3% vs 92.3%, p = 0.002). 

There was no significant difference in initial electrocardiographic presentation. 

The use of beta-blockers at discharge was lower in the TTS group (16.7% vs 75.4%, p<0.001).  

The leukocyte count was higher in the TTS group (14.5±9.2 vs 10.3±4.3 G/L, p = 0.003) while 

there was no significant difference for C-reactive protein (74.8 ± 104 vs 62.7 ± 58.6 mg/L, p 

= 0.53) (Table 1). 

2. CMR findings 

We found no difference in left ventricular ejection fraction (51.3±12.1 vs 53.7±10.1%, 

p=0.277) but a significantly lower indexed left ventricular end-diastolic volume (80.7±16.9 vs 

93.8±19.9mL/m², p=0.001) in the TTS group (Table 2). 12 (29%) patients in the TTS group 

had no apical akinesia at CMR time. 

3. T2W slope 

We observed a T2W gradient slope in the TTS group (13.9±14.8) that was not present in the 

acute myocarditis group (-0.90±5.14) nor in the chronic myocarditis group (-1.49±5.23) 

(Fig.2). 

After selection of only three slices (basal, median and apical), we observed the persistence of 

the same differences with the presence of a T2W gradient slope in the TTS group (12.82±14) 
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that wasn’t present in the acute myocarditis group (-0.95±5) nor in the chronic myocarditis 

group (-2.15±4). Finally, it persisted after selection of only two slices (base and apex), with a 

T2W gradient slope measured at 14.92±13.95 in the TTS group versus -0.55±6.20 in the acute 

myocarditis group and -1.65±3.45 in the chronic myocarditis group. 

DISCUSSION  

The presence of a T2W apicobasal gradient is a readily attainable and distinctive means to 

differentiate TTS from myocarditis. 

It provides a quantitative reading rather than a qualitative visual interpretation of edema, 

which is sometimes made difficult by artefacts. Our findings will provide physicians a new tool 

to better diagnose TTS, most interestingly in a cardiac condition defined by normal LGE and 

particularly in patients not eligible for a gadolinium contrast-enhanced CMR.  

This gradient notably persisted despite the absence of apical akinesia in up to 29% of patients 

in the TTS group. 

By directly comparing two acute cardiomyopathies characterized by inflammatory response, 

we found a more stereotypical myocardial in TTS than in myocarditis. It's likely that the 

inflammatory involvement in myocarditis is more focal and ultimately limited in a whole 

myocardium approach. The apicobasal gradient gave rise to several pathophysiological 

theories, such as a graded distribution of Beta receptors on the myocardial surface accounting 

for the apical ballooning aspect [6], or even mechanisms possibly tied to macrophage-induced 

processes [7]. Despite observing slight biological differences and conducting a complete CMR 

analysis, our data do not lean towards one hypothesis or the other. However, it's worth noting 

that similar CRP levels were observed in both groups. 

Although the differential diagnosis between TTS and myocardial infarction is often pivotal in 

clinical management, the finding of an apicobasal gradient is also expected in cases of anterior 
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or apical myocardial infarction. First, myocardial infarction primarily leads to damage that 

doesn't entirely correspond to an apicobasal gradient, but rather follows the territory of the 

left anterior descending (LAD) coronary artery. In this manner, a reading based solely on a 

four-chamber view could be misleading and is not recommended. More, myocardial infarction 

- especially when it results in significant apical akinesia - commonly produces distinct signals 

including hyposignal on first pass perfusion imaging and pronounced LGE originating from the 

subendocardial layer [8].  

Analysis of edema in T2W sequences now seems to have been superseded by mapping 

sequences, which are more robust and quantitative. Future studies could focus on 

characterizing this gradient using T2 mapping and machine learning techniques, which have 

already shown their potential on diagnostic purpose [9].  

The main limitation of this study is the monocentric and retrospective inclusion of patients 

which should be counterbalanced by the prospective analysis of CMR. 

Eventually, T2W imaging are generated during prolonged apneas and are intrinsically prone to 

artefacts; these points can limit endocardial and epicardial delineation. However, the whole 

myocardium approach tended to lower the signal heterogeneity in our regions of interest. 

We recommend that the presence of an apicobasal gradient should only be interpreted in a 

specific clinical context, as TTS mainly affected women (90%) [10] with an average age of 70 

[11]. 

CONCLUSION  

Our study shows that the presence of a T2W apicobasal gradient is an efficient CMR diagnostic 

criterion for TTS and a distinctive means to differentiate it from myocarditis. 
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TABLES 

Table I: Baseline characteristics and univariate analysis 
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Table II: CMR characteristics  
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Le gradient apicobasal en pondération T2, un critère diagnostic essentiel en IRM 

dans le syndrome de Takotsubo 
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The T2W apicobasal gradient pattern as an essential CMR diagnostic criteria for 
Takotsubo syndrome 
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 Introduction Le syndrome de Takotsubo est une cardiomyopathie transitoire dont le diagnostic repose 

sur des critères majoritairement cliniques dits "InterTAK". Cependant, l’IRM cardiaque s’avère utile pour 

différencier le syndrome de Takotsubo d'un infarctus du myocarde ou d'une myocardite. Elle permet en 

effet une caractérisation tissulaire notamment de l'œdème, habituellement par une séquence pondérée 

en T2, avec une évaluation visuelle ou quantitative.  

Cette étude a cherché à confirmer la présence d’un gradient apicobasal d’œdème spécifique au 

syndrome de Takotsubo par rapport à d'autres cardiomyopathies aiguës. 

Méthodes L'étude a inclus rétrospectivement 42 patients atteints du syndrome de Takotsubo, confirmé 

à l’IRM, avec comme groupes contrôle, 65 patients atteints de myocardite aiguë et 24 patients atteints 

de myocardite chronique. Nous avons réalisé un contourage manuel de l'endocarde et de l'épicarde sur 

chaque coupe petit axe pondérée en T2. La valeur moyenne de T2 a été calculée pour chaque coupe. 

Résultats Nous observons une pente de gradient T2 significative dans le groupe syndrome de 

Takotsubo (13.9+/-14.8) qui n'est pas présente dans le groupe myocardite aiguë (-0.90+/-5.14) ni 

dans le groupe myocardite chronique (-1.49+/-5.23). Cette différence persiste si l'on ne sélectionne 

que 3 coupes (basale, médiane et apicale) ou 2 coupes (basale et apicale). 

Discussion Notre étude montre ainsi que la présence d'un gradient apicobasal, en séquence pondérée 

T2, est un critère accessible et discriminant pour différencier le syndrome de Takotsubo de la 

myocardite.  
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Introduction Takotsubo syndrome (TTS) is a transient cardiomyopathy whose diagnosis is based on 

the "InterTAK" criteria that are mostly clinical. However, cardiac magnetic resonance imaging (CMR) 

may be helpful to differentiate TTS from myocardial infarction or myocarditis. T2-weighted (T2W) 

imaging provides insights into tissular characteristics such as edema usually, with either a visual or 

quantitative assessment. 

This study sought to establish the specific apicobasal gradient pattern of edema in TTS compared to 

other acute cardiomyopathies. 

Methods We retrospectively included 42 patients with CMR-confirmed TTS and a control group of 65 

patients with acute myocarditis and 24 patients with chronic myocarditis. We performed manual 

delineation of the endocardium and the epicardium on each T2W short-axis slices. The mean T2 value 

was computed on each slice.  

Results We observe a specific T2W gradient slope in the TTS group (13.9+14.8) compared to the acute 

myocarditis group (-0.90+5.14) so as to the chronic myocarditis group (-1.49+5.23). This difference 

persisted even if only 3 slices (basal, median and apical) or 2 slices (basal and apical) were selected 

for slope computation. 

Discussion Our study showed that the presence of an apicobasal gradient in T2W is a readily attainable 

and distinctive means to differentiate TTS from myocarditis. 
 

 
 


