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Abbreviations: 
 
2D STE = Two-dimensional speckle tracking echocardiography 

ACS = Acute coronary syndrome AMI = Acute myocardial infarction 

CFR = Coronary flow reserve 

LAD = Left anterior descending LV = Left ventricle 

LVEF = Left ventricle ejection fraction 

LVOTO = Left ventricle outflow tract obstruction NSTEMI = Non-ST 

elevation myocardial infarction PSS = Post- systolic shortening; RV = 

Right ventricle SAM = Systolic anterior motion 

TAPSE = Tricuspid annular plane systolic excursion TTS = Takotsubo 

syndrome 

WMA = Wall motion abnormalities 

 

Introduction 
 
Takotsubo syndrome (TTS), also known as stress-induced 

cardiomyopathy, is an acute syndrome characterized by transient left 

ventricle (LV) dysfunction, in the absence of obstructive coronary artery 

disease [2,3]. It typically occurs in postmenopausal women and is often 

triggered by an emotional or physical stressful event. TTS may account 

for 1%–2% of all patients admitted with a presumed diagnosis of acute 

coronary syndrome (ACS) [2], but this rate increases to 6–7% if only 

females are considered [3]. 

Differentiating TTS from acute myocardial infarction (AMI) before 

coronariography proves to be a real challenge, since both share similar 

presentation, electrocardiographic, and laboratory abnormalities [2,4,5]. 

TTS is a diagnosis of exclusion, so most patients are initially diagnosed as 

having an ACS, but do not have significant coronary artery lesions to 

explain the segmental abnormalities [6]. The greatest difficulty may be in 

distinguishing apical TTS (classical form) from non-ST-elevation 

myocardial infarction (NTSEMI) with left anterior descending (LAD) 

coronary artery disease [7,8], in which a coronariography is not emergent. 

 

Conventional echocardiography 

 
Due to its widespread availability, echocardiography is frequently the first 

non-invasive imaging modality used for early evaluation of LV systolic 

function in TTS patients [9]. It exhibits strong correlation with left 

ventriculography and detects potential complications such as mitral valve 

regurgitation, outflow tract obstruction, thrombus, LV free wall rupture 

and right ventricle (RV) involvement [9-12]. The main difficulty is the 

differentiation between classic TTS and anterior AMI, due to somewhat 

overlapping echocardiographic abnormalities. 

LV dysfunction is a key feature in both TTS and AMI patients, but TTS is 

associated with worse LV systolic dysfunction and diffuse regional wall-
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motion abnormalities (WMA) at the acute phase, despite only a slight 

increase in troponin values[3,5,8]. TTS reveals a distinctive pattern of 

contractility characterized by symmetrical and circumferential WMA, 

irrespective of the epicardial vascular territory distribution (noncoronary 

pattern), suggestive of extensive myocardial stunning [2-4,9-13] . On the 

contrary, AMI primarily affects the territories supplied by the ‘‘culprit’’ 

coronary artery [9]. According to Citro el al, a wall motion score index 

(WMSI) of ≥1.75 has a high positive predictive value for the diagnosis of 

TTS, reinforcing the concept of diffuse injury [3]. WMSI values are 

higher in TTS patients with ST-segment elevation, indicating more 

severe myocardial dysfunction [3]. 

Classical TTS presents with mid- ventricular WMA (involving anterior, 

inferior, and lateral walls), apical akinesia, preserving or increasing the 

contractile function of the basal LV segments [9,14] (Figure 1). Mid-

cavity, basal segmental (reverse takotsubo), focal, biventricular and 

isolated RV variants have also been described, being less frequent 

[8,10,15]. However, estimation of the LV ejection fraction (LVEF) using 

the modified Simpson’s rule does not yield the complexity of LV 

mechanics, since it only assesses the contractility in its radial direction 

[1,16].

 
 

Figure 1: Transthoracic echocardiography in Takotsubo syndrome – classic form, viewed in end-systole at 4- chamber apical incidence 

(Weiner et al, 2017). 

 

Speckle Tracking Strain Echocardiography 
 

Two-dimensional speckle tracking echocardiography (2D STE) is a tool 

for quantitative assessment of myocardial function [13,16-18]. Through 

measurement of myocardial strain, it has better reproducibility than tissue 

Doppler imaging strain and higher sensitivity in detecting subtle 

myocardial abnormalities [1,9], revealing myocardial dysfunction even 

before significant changes in LVEF and cardiac output [19]. Longitudinal 

strain has proven to be the most sensitive and reproducible of the various 

strain measurements performed with speckle tracking, and can provide 

important prognostic information [10,19]. 

In TTS patients, similar velocities are recorded among all basal LV 

segments, middle segments, and apical segments, translating in a circular 

LV dysfunction. In patients with anterior AMI, there are significant 

differences between those segments, affecting specifically the LAD 

coronary artery perfusion territory. These findings suggest that TTS is not 

the consequence of transient LAD occlusion [13]. 

In parallel, Heggemann et al showed uniform reduction of radial strain 

along the entire mid LV circumference in TTS, comparing with 

significantly higher values in AMI posterior, lateral and inferior segments 

[4]. Similarly, longitudinal strain in some of the posterior, inferior and 

lateral segments is significantly lower in TTS compared to anterior AMI, 

adding to a greater involvement of the median and apical segments, 

resulting in a lower global longitudinal strain [4] (Figure 2). 

Figure 2: Polar maps of peak systolic longitudinal strain obtained from a Takotsubo syndrome patient (left) and an anterior ST-segment elevation 

myocardial infarction patient (right) (Pestana et al, 2019). 
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LV twist parameters are preserved in basal segments, while apical twist 

during systole and diastole are significantly reduced in TTS, compatible 

with a transmural impairment of LV function [1,5]. Longitudinal strain of 

the LV base could also be diminished in several segments, 

notwithstanding the basal hypercontractility perception in TTS at baseline 

[20]. Despite previous reports of a significant apex-to-base gradient of 

strain [20], Pestana et al found a smaller basal/apical longitudinal strain 

ratio in TTS patients, indicative of a more generalized myocardial 

dysfunction [8]. 

Post-systolic shortening (PSS) is defined as a further shortening / 

thickening occurring after the end-systole. It is a non-specific, but 

sensitive, marker of regional myocardial dysfunction and reflects a subtle 

systolic stunning that cannot be detected  by conventional systolic 

Parameters [14,20]. Pathological PSS can be found in 78% of acutely 

ischaemic myocardial segments, with a similar incidence during the acute 

phase of TTS [20]. 

Three-dimensional (3D) speckle tracking echocardiography is feasible to 

assess regional LV function and its recovery in TTS. Consistent with 

WMA in TTS, Kobayashi et al found that the average peak systolic 3D 

radial strain value of LV base is higher than those of mid and apex at 

baseline, decreasing significantly after six months, whereas those of mid  

and apex increase significantly [14]. 

 

Coronary microcirculation assessment 
 

Non-invasive evaluation of distal LAD flow by doppler echocardiography 

could also help differentiate TTS from AMI [21]. LAD flow is expected 

to be absent in anterior AMI due to artery occlusion, but is detectable in 

TTS [9] (Figure 3). Diastolic to systolic velocity ratio of the LAD flow is 

decreased in patients with significant LAD stenosis, and may also be 

useful in this differentiation [22]. 

In addition, coronary flow reserve (CFR) is transiently impaired in TTS 

[22], but at a lower grade compared with AMI, despite a poorer WMSI, 

suggesting the involvement of other mechanisms than direct 

microcirculatory damage in the pathogenesis of WMA [21]. At follow-up, 

there is an improvement of nearly 40% of CFR (above of the 10% of intra- 

individual variability), correlating with the recovery of LV systolic 

function [9]. Current evidence does not allow the reliable distinction of 

the two entities through this method, translating in a limited utility of the 

non-invasive evaluation of coronary assessment at the present day. 

 

 

Figure 3: Visualization of the distal LAD flow by colour Doppler and the corresponding coronary flow velocity recorded with the pulsed- wave Doppler 

sampling (Meimoun et al, 2013).

 

 
Diastolic function 
 

Global and regional diastolic dysfunction has been observed in the early 

phase of TTS, as evidenced by impaired LV untwisting and increased E/e’ 

ratio [9]. Despite the worse systolic function in TTS patients, LV filling 

pressure appears to be lower than in those with AMI, which explains better 

Clinical outcome in the former patients [23]. Increased stiffness of 

akinetic segments is possibly related to scar formation or more transmural 

involvement in AMI. Diastolic function parameters appear to have a good 

correlation with the extent of myocardial fibrosis and viability [23]. 

 

 

 

 
LV outflow obstruction and mitral regurgitation 
 

In some patients with TTS, systolic anterior motion (SAM) and LV 

outflow tract obstruction (LVOTO) may develop as a result of LV basal 

wall hyperkinesis, occurring in about 10% to 25% [11,17,22] (Figure 4). 

It typically resolves with medical management and gradual ventricular 

recovery [11,22]. Mitral regurgitation may also develop as a result of two 

different mechanisms: tethering and SAM of the anterior mitral leaflet. 

Transient LV dilatation with or without mitral annular dilatation may 

cause apical tethering of the mitral leaflets, resulting in decrease leaflet 

coaptation and a Carpentier III mechanism [11,22]. 

 

 

 

http://www.auctoresonline.org/


  Auctores Publishing – Volume2 (2)-017 www.auctoresonline.org Page - 4  

J clinical Cardiology and Cardiovascular Interventions 

 

 

           

Figure 4: Left ventriculography (LVG) and echocardiography in TTS patient with SAM, mitral regurgitation and LVOTO (Okura et al, 2015). 

 

 
Right ventricle involvement 

 

 
 

 

A careful assessment of global and regional RV function should be 

recommended, since about one-quarter of patients with TTS shows RV 

impairment, uncommon in LAD disease [2,3,11,22]. The pattern of RV 

regional WMA is similar to the LV, so a right ventricular or biventricular 

“ballooning” may be observed [3,24]. Impaired global RV function in 

TTS seems to be predominantly caused by mid-ventricular and apical RV 

free wall strain reduction [24]. 

Strain imaging has higher sensitivity in the quantification of RV function 

than the global parameters RV fractional area change and tricuspid  

 

annular plane systolic excursion (TAPSE) [24]. TAPSE and RVS′ may 

not be suitable to perceive isolated abnormalities in distal RV segments. 

Global longitudinal strain detects RV involvement in TTS at a rate of 

58%, the highest among all the parameters [2] (Figure 5). The group of 

Heggemann et al found that RV PSS >-19.1% indicates RV dysfunction 

in TTS patients, with a sensitivity of 85% and specificity of 71%. 

However, it only accounts the RV free wall [24].RV involvement in TTS 

is associated with significantly lower LVEF and lower LV global strain at 

baseline, being also an important prognostic factor, as these patients are 

generally older and have a more severe clinical course [24,25].

http://www.auctoresonline.org/
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Figure 5. Two-dimensional longitudinal strain curve analysis of the RV and corresponding parametric image (two-dimensional and color M-mode) 

in a patient with biventricular TTS (Vizzardi et al, 2014). 

 

Stress echocardiography 
 

Citro et al refer to a potential role of low-dose dobutamine stress 

echocardiography in assessing reversibility of myocardial dysfunction in 

suspected TTS, through demonstration of myocardial viability [9]. 

However, because of the role of catecholamines in inducing TTS, they 

also state that dobutamine should be administered with caution and 

probably avoided in the early phase [9,16]. It also has the potential to 

exacerbate or induce LVOTO, in particular in patients with myocardial 

hypertrophy, leading to an increased risk for hemodynamic deterioration 

and associated complications [9]. Current evidence doesn’t support the 

routine use of stress echocardiography in the diagnostic management of 

TTS patients. 

Recovery 
 

Despite the rapid resolution of WMA and LVEF [5,14] subtle LV 

dysfunction seem to persist for a few weeks, indicating that complete 

recovery may not occur as rapidly as previously though [20,27]. 2D strain 

can still be lower comparing to controls, emphasizing that LVEF is 

insufficient in quantifying intrinsic myocardial contractility [27] (Figure 

6). Furthermore, Heggemann et al state that more than half of LV 

segments also showed PSS even with WMA normalization, suggesting 

that PSS could be an indicator of persisting abnormalities of LV regional 

function into the early recovery period [2

 
 

Figure 6. An example of bull’s eye plot of peak systolic strain in a patient with TTS, at admission and during follow-up. GLPSS = global 

longitudinal peak systolic strain (Kim et al, 2016). 
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Even though TTS patients present circular LV dysfunction, the recovery 

pattern is not uniform [13,21]. For example, in mid-LV, longitudinal strain 

showed slower recovery than circumferential strain [25]. Due to this 

asymmetrical and partial recovery of segmental contractility a few days 

later, TTS may mimic LV dysfunction observed in patients with coronary 

artery disease, making the distinction from AMI more challenging if a 

patient is evaluated only at this stage [9,13]. Temporal evolution of TTS 

is variable, remaining to be determined the exact time-course of the 

recovery process (possibly 21 days to 6 months) and whether these 

findings have potential therapeutic and prognostic implications [1,20]. 

Table 1 summarizes the main differences between TTS and AMI 

discussed in this review. 

 

        Takotsubo syndrome (classic form) 
(anterior) Acute myocardial infarction 

Ejection fraction Significantly reduced Reduced 

Wall motion- 

abnormalities 

Symmetrical, circumferential; apical 

ballooning with basal hyperkinesis in 

classic form 

Follows a coronary artery perfusion 

territory (anterior wall and apex in 

anterior AMI) 

Wall motion score 

index 
Significantly elevated Elevated 

LV outflow tract 

obstruction 

Could be present and associated with 

SAM of the anterior mitral leaflet 
Absent 

Mitral 

regurgitation 
Due to SAM or tethering 

Due to tethering of mitral leaflets, 

with or without annular dilation 

Diastolic 

dysfunction 
Not as severe as systolic dysfunction Significant 

Right ventricle (RV) 

involvement 

Reaches 25%; RV “ballooning”; Reduced 

global longitudinal strain, with reduced 

strain in apical segments; 

 

Uncommon 

Radial strain 
Reduced in all mid-ventricular segments 

(classic form) 

Reduced in the anterior and 

anteroseptal wall (anterior AMI) 

Global 

longitudinal strain 
Significantly lower at admission Lower 

LAD flow Present Absent if LAD occlusion 

Coronary flow 

reserve 
Transiently impaired, but at a lower grade Severely impaired 

Recovery 
Complete; Asymmetrical; Subtle strain 

alterations could persist for a few months 

Not as rapidly and usually not 

complete 

Table 1. Summary of echocardiographic differences between Takotsubo syndrome and acute myocardial infarction 

 

LAD = left anterior descending coronary artery; LV = Left ventricle; SAM = Systolic anterior motion; RV = Right ventricle 

Conclusions 

Patients that present with a suggestive clinical picture and an acute ST-

segment elevation on the electrocardiogram require emergent coronary 

angiogram. On the other hand, in the absence of ST-segment elevation 

and if clinically appropriate, the differential diagnosis between AMI 

and TTS could be made, to obviate unnecessary invasive procedures. 

Although the echocardiographic findings of TTS could mimic those of 

AMI, the regional WMA pattern, myocardial strain, diastolic 

dysfunction and degree of RV involvement differ. LV dysfunction is  

completely reversible in TTS, even though the recovery duration 

seems to be variable. Currently, despite the presence of 

echocardiographic findings suggestive of TTS, coronary angiography 

remains essential for the definitive diagnosis. Alternatively, and if 

available, cardiac computed tomographic angiography could be 

applied to exclude high-grade coronary artery stenosis in patients with 

a highly suggestive clinical picture of classic TTS. 
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