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ABSTRACT  

Aims 

The aim of this work is to add a frequency, CMR imaging characteristics of right ventricle in 

Takotsubo syndrome, and to assess the clinical value of right ventricular longitudinal strain 

and tricuspid annular plane systolic excursion in Takotsubo syndrome. 

Methods and results 

63 patients with Takotsubo syndrome underwent cardiac MRI at our institution between 

January 2008 and December 2024 and were included. Right ventricular involvement was 

determined by the detection of right ventricular wall motion abnormalities. Group 1 included 

24 patients with right ventricular wall motion abnormalities, group 2 included the remaining 

39 patients without right ventricular wall motion abnormalities. There was no difference in 

gender nor age (P = 0.8). LVEF and RVEF were significantly different. LVEF was 39 ± 8 in 

group 1 and 47 ± 9 in group 2 (P = 0.0456). RVEF was 40 ± 10 in group 1 and 47 ± 8 in group 

2 (P = 0.0161). RVLS and TAPSE were also significantly different. RVLS was -15.8 ± 6.4 in 

group 1 and -24.2 ± 9.7 in group 2 (P = 0.0004). TAPSE was 18 ± 3 in group 1 and 22 ± 4 in 

group 2 (P = 0.0007). The length of hospital stay was 12 ± 6 days in group 1 and 9 ± 5 days 

in group 2 (P = 0.02). 

Conclusion 

Right ventricular involvement is common in Takotsubo syndrome and seems to be associated 

with a more altered right and left ventricular function. 
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1. INTRODUCTION 
 

The heart has its burnout, the takotsubo syndrome (TS). It is characterized by transient left 

ventricular (LV) wall motion abnormalities (WMA) usually extending beyond a single epicardial 

vascular distribution; however, TS may co-exist with acute coronary syndrome (1), and the 

presence of significant coronary artery disease should not be considered as an exclusion 

criterion (2). Right ventricular (RV) involvement can be present (2). WMA may remain for a 

prolonged period of time. An emotional, physical, or combined trigger can precede it, but this 

is not obligatory. Neurologic disorders as well as pheochromocytoma may also serve as 

triggers. New dynamic ST-T segment abnormalities are present; however, rare cases exist 

without any ECG changes (2). Cardiac enzymes are moderately elevated in most cases; 

significant elevation of brain natriuretic peptide is common (2). Postmenopausal women are 

predominantly affected. 

A diagnostic algorithm for TS is proposed and includes ECG, coronary angiography, trans 

thoracic echocardiography (TTE), and cardiac magnetic resonance (CMR) imaging (3). CMR is 

quite very useful in the subacute phase of the diagnostic workup, particularly as it cannot be 

used easily in the acute setting of TS. It provides incremental value for the differential 

diagnosis, it should be performed to exclude acute myocarditis and confirm regional WMA (3). 

In addition to identification of typical WMA, it allows precise quantification of LV and RV 

function, characterization of myocardial tissue, and assessment of additional abnormalities. 

Therefore, it provides a therapeutic decision-making in patients with TS. 

There are several variants of TS. LV involvement is the most common variant, even so the true 

prevalence of the RV involvement is unknown since little attention is paid for the RV in daily 

clinical and imaging routine. The data concerning RV involvement are sparse, because they 

are derived from several case reports and case series studies. Despite this, RV involvement is 



4 

gaining increased recognition, it has been reported that it affects approximately 25% to 42% 

of patients diagnosed with TS (4) and may be a predictor for worse outcome. Therefore, 

evaluation RV involvement may play a key role to guide the management of TS patients. 

CMR is the validated gold standard for the detection and evaluation of RV involvement (5). It 

has the potential to visualize the entire spectrum of structural and functional changes that 

occur in patients with RV in TS. Moreover, promising opportunities exist in the wide field of RV 

strain and tricuspid annular plane systolic excursion (TAPSE). Studies showed that RV 

longitudinal strain (RVLS) differed significantly between patients with and without RV 

involvement (6). Other studies showed that RV systolic function, as assessed by TAPSE, may 

have important prognostic value in critically ill TS patients (6). 

Thus, the aim of this work is to add a frequence, CMR imaging characteristics of patients with 

biventricular TS vs LV TS, and specially to assess the clinical value of RVLS and TAPSE in TS. 
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2.  MATERIAL AND METHODS  
 

2.1. Patient population 
 

Between January 2008 and December 2024, all patients who underwent cardiac MRI (CMR) at 

our institution were considered for inclusion. Among them, 84 patients were diagnosed with 

classical TS and subsequently included in our database. These patients met the International 

Takotsubo Diagnostic Criteria (InterTAK Diagnostic Criteria) (2), which include: (i) transient 

left ventricular dysfunction (hypokinesia, akinesia, or dyskinesia) manifesting as apical 

ballooning or midventricular, basal, or focal wall motion abnormality; (ii) regional wall motion 

abnormality extended beyond a single epicardial vascular distribution; (iii) a preceding 

emotional, physical, or combined trigger; (iv) electrocardiographic abnormalities (ST-segment 

elevation, ST-segment depression, T-wave inversion, and QTc prolongation); (v) moderately 

elevated cardiac biomarkers (troponin and creatine kinase) in all cases; and (vi) no evidence 

of infectious myocarditis. 

 A total of 21 patients were excluded from further analysis: 16 due to normalization of LV 

dysfunction by time of CMR, which had been performed relatively late after symptom onset, 

and 5 due to technically inadequate CMR studies. The remaining 63 patients were selected for 

the final study cohort. In this population, CMR studies were retrospectively analyzed for RV 

involvement. A detection of RV WMA was considered as RV involvement. Group 1 included 

patients with RV involvement, and group 2 included patients without RV involvement. 

This observational retrospective study was conducted in accordance with the ethical standards 

established by the local Ethics Committees at our institution. 
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2.2. Cardiac magnetic resonance  
 

CMR studies were independently reviewed by a cardiac imaging radiologist to assess RV wall 

motion abnormalities. 

All studies were performed using a 1.5 or 3 T MRI machine (MAGNETOM Avanto 1,5 T; 

MAGNETOM SKYRA 3T; MAGNETOM Sola 1,5 T; MAGNETOM Vida 3T) equipped with a dedicated 

four-element phased-array cardiac coil. The cardiac protocole included (i) T2 TRUFI single shot 

in axial plane; (ii) SSFP cine in short axis plane; (iii) T1 mapping sequence in short axis and 

4-chamber planes; post contrast injection (CLARISCAN 0,5 mmol/mL, at a dose of 0,4 mL/kg, 

GE Healthcare, made in Norway) (iv) first-pass myocardial perfusion imaging pulse sequence 

in short axis, 4-chamber and 2-chamber planes; (v) SSFP cine in 4-chamber and 3-chamber 

planes; (vi) delayed enhancement acquired after 10 minutes of the contrast injection using an 

IR and PSIR sequences in short axis, 4-chamber and 3-chamber planes. The inversion time 

was individually adjusted to optimally null myocardial signal (250 – 300 ms). 

CMR analyses and post-processing were performed using two specialized software platforms. 

Syngo.via was used for RV and LV functional assessments, RV wall motion abnormality 

evaluation, and tricuspid annular plane systolic excursion (TAPSE) measurements. Medis.suite 

was utilized for RV longitudinal strain (RVLS) analysis and quantification. 

Ventricular functions were assessed on cine images. RV WMA were categorized as hypokinesia, 

akinesia, and dyskinesia. The RV chamber was evaluated using an eight-segment model (7) 

(fig 1). 

For volumetric analysis, the first cardiac phase was defined as end-diastole, while the end-

systolic phase was visually determined as the frame displaying the smallest cavity area. End-

diastolic and end-systolic volumes of both ventricles were quantified using volumetric 

measurements, and ejection fractions were calculated using standard methodology. 
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Figure 1. In the 4-chamber plane, the RV was divided into three segments: 1- apico-lateral; 
2- medio-lateral; 3- baso-lateral. In the short axis plane, the RV was divided into five 
segments: 4- anterior; 5- antero-lateral; 6- lateral; 7- infero-lateral; 8 – inferior. 
 

2.3. Clinical assessment  
 

All patients underwent the standard diagnostic management of acute coronary syndromes at 

our institution, including a left catheterization. 

2.4. Statistics  
 

Results are expressed as mean ± standard deviation as appropriate. Statistical tests were 

applied to compare variables between patients with and without RV ventricular involvement. 

The Mann-Whitney test was used for non-normally distributed continuous variables, such as 

age and length of hospital stay. The chi-square test was employed for categorical variables, 

such as gender. The t-test was applied to normally distributed continuous variables, including  

RV and LV ejection fractions (RVEF and LVEF), LV mass index, TAPSE, and RVLS. 
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3. Results  
 

3.1. Clinical characteristics 
 

Table 1. WMA by RV segments affected in RV involvement 

 

Segments Dyskinesia Akinesia Hypokinesia Total of segments 

affected 

Apico-lateral 1 0 0 1 

Medio-lateral 9 1 0 10 

Baso-lateral 4 7 0 11 

Anterior 9 8 1 18 

Antero-lateral 1 1 0 2 

Lateral 0 0 0 0 

Infero-lateral 0 0 0 0 

Inferior 0 0 0 0 

Total of 

kinetics 

affected 

24 17 1  

 

63 patients underwent analysis. There were 60 women and 3 men. 24 patients (38%) (23 

women and 1 man) had RV WMA on CMR imaging (table 1). Their median age was 78 years. 

There was no difference in gender nor age regarding RV involvement (P = 0.8). 

In group 1, angina was the presenting symptom in 17 (71%) and dyspnea in 11 (46%). Both 

symptoms were present together in 8 (33%). 6 (25%) patients presented with acute 

respiratory distress syndrome. Physical or emotional stress or infection could be identified in 
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21 (88%). ST-T segments abnormalities upon admission consisted of ST-segment elevation in 

10 (42%), ST-segment depression in 2 (8%), T-wave inversion in 8 (33%). Clinical profiles 

weren’t analyzed regarding the right ventricle involvement. 

3.2. Cardiac magnetic resonance imaging 
 

Patients underwent CMR at a median of 10 days after admission. This time interval was 9,8 

days in group 1, and 10,2 days in group 2. All patients had LV involvement in TS. LVEF and 

RVEF were significantly different between two groups. LVEF was 39 ± 8% in group 1 and 47 ± 

9% in group 2 (P = 0.04). RVEF was 40 ± 10% in group 1 and 47 ± 8% in group 2 (P = 0.02). 

myocardial mass indexed was 75.3 ± 18.2 g/m² in group 1 and 69.6 ± 15.7 g/m² in group 2 

(P = 0.19) (table 2). 

RVLS and TAPSE were also significantly different between two groups. RVLS was -15.8 ± 6.4 

in group 1 and -24.2 ± 9.7 in group 2 (P = 0.0004). TAPSE was 18 ± 3 in group 1 and 22 ± 4 

in group 2 (P = 0.0007) (table 2). 

The length of hospital stay was 12 ± 6 days in group 1 and 9 ± 5 days in group 2 (P = 0.02) 

(table 2). 

RV WMA detected were dyskinesia in 14 patients (58%), akinesia in 11 patients (50%), and 

hypokinesia in 1 patient (4%). It affected one segment in 7 patients (29%), 2 segments in 15 

patients (63%), and 3 segments in 2 patients (8%). The most frequently affected segments 

were the anterior segment in 18 patients (75%) followed by the baso-lateral segment in 11 

patients (46%) and medio-lateral segment in 10 patients (42%) (fig 2-4). 
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Table 2. CMR profiles of patients with and without RV involvement 

 

 RV 

involvement 

No RV 

involvement 

Significantly 

different 

P 

N 24 39   

Gender (M/F) 1/23 2/37 No 0.8618 

Age 75 ± 10 70 ± 13 No 0.1241 

LVEF 39 ± 8 47 ± 9 Yes 0.0456 

RVEF 40 ± 10 47 ± 8 Yes 0.0161 

TAPSE (mm) 18 ± 3 22 ± 4 Yes 0.0007 

RVLS -15.8 ± -6.4 -24.2 ± 9.7 Yes 0.0004 

Hospitalization 

length (days) 

12 ± 5 9 ± 4 Yes 0.0255 

 

   

Figure 2. Diastolic (a) and systolic (b) CMR images in the short axis plane view demonstrating 

anterior segment WMA identified as akinesia. 
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Figure 3. Diastolic (a) and systolic (b) CMR images in the 4-chamber plane view 

demonstrating medio-lateral segment WMA identified as akinesia. 

 

 

Figure 4. Diastolic (a) and systolic (b) CMR images in the 4-chamber plane view demonstrating 

baso-lateral and medio-lateral segments WMA identified as dyskinesia. 
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4. Discussion 
 

We present a retrospective clinical study over a 17-year period in which we analyzed 63 

patients for RV involvement. Clinical profiles of our patients were similar to those reported in 

other series (8). The vast majority of patients was elderly women. At initial presentation, ST-

T segment abnormalities and a preceding stressor were often identified. LVEF in our series, 

like others (8-9) was lower in TS with than without RV involvement. Myocardial mass wasn’t 

significantly different regarding RV involvement, and theoretically doesn’t affect RV and LV 

function. 

In the past, the LV involvement in TS has been the main focus in the literature. The presence 

of concomitant RV involvement was not accounted for in large systemic reviews. Unfortunately, 

RV involvement had not been systematically evaluated in TS. it was first described in 2000 

(10) as a rare form of the disease until 2006 when it has been reported as a variant in about 

one-third of patients with TS (11). A potential explanation of this condition may be related to 

the difficulties in echocardiographic assessment of RV morphology and function and to the 

often-impressive LV dysfunction which might have diverted attention away from the RV. It is 

even not clear whether the RV involvement is considered as an extension of the LV or has its 

own unique pattern. In all instances, CMR represents the gold standard for assessing RV 

involvement (12). It has the potential to present the complex anatomical shape of the RV, 

overcoming most of the echocardiography limitations (12), and enables a comprehensive 

assessment of the entire spectrum of functional and structural ventricular changes (5). Thus, 

common clinical practice has yet to adjust for a more routine evaluation of RV function, 

especially that several subsequent studies using CMR for assessment of RV WMA showed that 

RV involvement in TS is not uncommon. Consequently, the prevalence of RV involvement may 

be much higher than the previously presumed at around 27% (11,13). In our series, it was 
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quantified at 38%. In other series, it reached 42% (4). Besides, CMR could double the detection 

rate of RV involvement (14). 

In the present, it suits that identifying the involvement of the RV in patients with TS is a 

growing additional critical aspect of the lesion. Indeed, RV involvement has a significant impact 

on hospitalization length and hemodynamic instability. Besides TS, it has been showed that LV 

systolic dysfunction and heart failure with simultaneous RV dysfunction identifies a patient 

population with an extremely poor prognosis (15). Therefore, it is not surprising that TS with 

RV involvement appears to be associated with more severe LV dysfunction that results in 

significantly longer hospitalization and hemodynamic instability that is associated with a worse 

prognosis. In fact, many studies have showed that RV involvement was an independent 

predictor of the poor prognosis (9), showing that the rates of hospitalization and long-term 

events were significantly higher in TS with than without RV involvement. In our study, RV 

involvement was associated with lower LVEF and longer hospitalization. Thus, common clinical 

practice has yet to adjust for a more routine evaluation of right ventricular function. Moreover, 

CMR should be used whenever possible in the acute setting and follow-up of TS patients, and 

imaging should be repeated at shorter interval periods in order to provide added information 

with respect to the timeline of recovery and comparison between the two ventricles. 

In the future, promising parameters of prognostic relevance may emerge. Their application, 

along with a careful standard evaluation of RV involvement, could provide important prognostic 

information. CMR feature tracking (CMR-FT) RV strain has been introduced recently as a new 

method to quantify contractile dysfunction by tracking myocardial borders and following them 

over time. Only few studies investigated the prognostic value of RV strain. However, it has 

been identified that RV strain may demonstrate greater sensitivity in detecting RV involvement 

(12), and that a RV strain threshold of -17.24% categorized considerably TS patients in the 

high-risk group (6). Moreover, it has been found that strain imaging is more precise in the 
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quantification of RV function than the TAPSE (16). More importantly, TAPSE which is believed 

to be a useful and simple tool for the assessment of RV function could not differentiate between 

patients with and without RV involvement. One reason for this observation could be that 

hypercontractility of basal segments could compensate for hypocontractility of the mid and 

apical segments, therefore, leading to similar values for TAPSE in both groups (16). TAPSE in 

our series was significantly different between the two groups. The most severely affected RV 

segments in our series were different from other series in the literature (8). This could explain 

why TAPSE may be affected or not. Thus, TAPSE could have a high sensitivity but low specificity 

for RV involvement. 

Our cohort is based on a retrospective data collection, which is an important tool to study the 

manifestations and outcomes or RV involvement in TS as a rare disease. However, it has 

several limitations owing to its retrospective design. 

First, it depends on a review of charts that were originally not designed to collect data for 

research. Because of this, some information was recorded differently or missing. Thus, patients 

were excluded or results were biased. Second, the variability in CMR machines in the study 

may have been source of selection and recall biases and affected the results. Third, the results 

should be considered with caution should not be generalized because of the small number of 

patients. Readers need to critically evaluate the results and carefully interpret them. 

Nevertheless, findings of this study can form the basis on which prospective studies are 

planned. 
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GUILLERME Salomé  
Impact de l’atteinte du ventricule droit dans la cardiomyopathie de Takotsubo 
 

 

 Mots-clés : Tako-tsubo, Imagerie par résonance magnétique, atteinte du ventricule droit 

Impact of right ventricular involvement in Takotsubo syndrome 

 

 Keywords : Tako-tsubo, magnetic resonance imaging, right ventricle involvement 
 

 

R
ÉS

U
M

É  Objectifs 
Le but de ce travail est d’évaluer l’atteinte du ventricule droit en imagerie par résonance magnétique dans le 
syndrome de Takotsubo, et d'évaluer la valeur clinique du strain longitudinal du ventricule droit et de l'excursion 
systolique du plan de l'anneau tricuspide dans le syndrome de Takotsubo. 
 
Méthodes et résultats 
63 patients présentant un syndrome de Takotsubo ont bénéficié d'une IRM cardiaque dans notre établissement 
entre janvier 2008 et décembre 2024 et ont été inclus. L'atteinte du ventricule droit a été déterminée par la 
détection d'anomalies du mouvement de la paroi du ventricule droit. Le groupe 1 comprenait 24 patients présentant 
des anomalies du mouvement de la paroi du ventricule droit, le groupe 2 comprenait les 39 patients restants sans 
anomalies du mouvement de la paroi du ventricule droit. Il n'y avait pas de différence de sexe ou d'âge (P = 0,8). 
La FEVG et la FEVR étaient significativement différentes. La FEVG était de 39 ± 8 dans le groupe 1 et de 47 ± 9 
dans le groupe 2 (P = 0,0456). La FEVR était de 40 ± 10 dans le groupe 1 et de 47 ± 8 dans le groupe 2 (P = 
0,0161). La RVLS et la TAPSE étaient également significativement différentes. La RVLS était de -15,8 ± 6,4 dans 
le groupe 1 et de -24,2 ± 9,7 dans le groupe 2 (P = 0,0004). Le TAPSE était de 18 ± 3 dans le groupe 1 et de 22 
± 4 dans le groupe 2 (P = 0,0007). La durée d'hospitalisation était de 12 ± 6 jours dans le groupe 1 et de 9 ± 5 
jours dans le groupe 2 (P = 0,02). 
 
Conclusion 
L'atteinte du ventricule droit est fréquente dans le syndrome de Takotsubo et semble être associée à une altération 
plus importante des fonctions ventriculaires droite et gauche. 
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Aims 
The aim of this work is to add a frequency, CMR imaging characteristics of right ventricle in Takotsubo syndrome, 
and to assess the clinical value of right ventricular longitudinal strain and tricuspid annular plane systolic excursion 
in Takotsubo syndrome. 
 
Methods and results 
63 patients with Takotsubo syndrome underwent cardiac MRI at our institution between January 2008 and 
December 2024 and were included. Right ventricular involvement was determined by the detection of right 
ventricular wall motion abnormalities. Group 1 included 24 patients with right ventricular wall motion abnormalities, 
group 2 included the remaining 39 patients without right ventricular wall motion abnormalities. There was no 
difference in gender nor age (P = 0.8). LVEF and RVEF were significantly different. LVEF was 39 ± 8 in group 1 
and 47 ± 9 in group 2 (P = 0.0456). RVEF was 40 ± 10 in group 1 and 47 ± 8 in group 2 (P = 0.0161). RVLS and 
TAPSE were also significantly different. RVLS was -15.8 ± 6.4 in group 1 and -24.2 ± 9.7 in group 2 (P = 0.0004). 
TAPSE was 18 ± 3 in group 1 and 22 ± 4 in group 2 (P = 0.0007). The length of hospital stay was 12 ± 6 days in 
group 1 and 9 ± 5 days in group 2 (P = 0.02). 
 
Conclusion 
Right ventricular involvement is common in Takotsubo syndrome and seems to be associated with a more altered 
right and left ventricular function. 
 
 
 
 

 


