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Introduction

Takotsubo cardiomyopathy (TTC) was first described in 
the Japanese population by Sato et al. in the 1990s (1). Since 
then, its pathophysiology has been widely known in the 
field of cardiology. The American Heart Association has 
categorized TTC as a type of secondary cardiomyopathy (2).  
TTC occurs in approximately 2% of the patients with 
acute coronary syndrome (3). Its onset is rare; however, its 
specific features play an important role in diagnosing the 
chest pain in clinical practice. Transient left ventricular 
(LV) wall motion abnormalities are peculiar in TTC 
and these abnormalities are not triggered by obstructive 
coronary artery disease (3-7). Post menopausal patients 
under emotional and physical stress predominantly suffer 
from this syndrome. TTC has generally favorable outcomes 
and LV wall motion abnormalities are rapidly improved. 

Meanwhile, according to the results of the earlier studies, 
52% of the TTC patients have various complications  
(8-14); thus, TTC should be regarded as a more serious 
cardiovascular disease.

The pathophysiology of TTC is complicated, including 
the systemic physiological responses to severe stress and the 
cardiovascular responses to a sudden surge in administered 
catecholamines. Several hypotheses have been presented 
to explain this unique cardiac disorder in TTC (15-19) 
and broadly divided into a vascular or myocardial cause. 
These may not be mutually exclusive because the entire 
cardiovascular system is exposed to the same catecholamine 
storm. Since no pathophysiological mechanisms have 
elucidated TTC, many of these hypotheses are still being 
investigated. Epicardial coronary artery vasospasm and 
consequently regionally stunned myocardium may induce 
reversible LV wall motion abnormalities (1). Several studies 
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investigating vasospastic provocation in the acute phase of 
TTC demonstrated positive results (10–43%) but not in 
all TTC patients (4,20). Various studies have reported that 
the endothelin levels are higher in patients with TTC than 
those with AMI (21). The coronary risk factors, including 
smoking, are also associated with endothelin function. 
Although the prevalence of smokers in TTC is varied 
(6–49%), the largest series have reported 22% which is 
higher than that in general population and similar to that in  
AMI (22). In fact, patients with TTC have the greater 
number of other comorbid cardiovascular risk factors 
than the general population, which is similar to those 
with AMI. It seems that the susceptibility to TTC may 
partially be related to a high prevalence of risk factors 
leading to endothelial dysfunction, which, in turn, might 
be a predisposing factor of TTC (23). Endothelin is 
a potential vasoconstrictor and mechanisms to affect 
multivessel vasospasm. It is quite difficult to distinguish 
a causation from an association because generalized 
impaired endothelial function secondary to oxidative stress 
appears after any stress and surge in catecholamines. If 
no spontaneous coronary spasm is identified, impaired 
coronary artery flow due to vulnerable plaque rupture 
should be assumed as a cause of TTC. However, a vascular 
cause has a low possibility to be a primary trigger for TTC 
due to the following reasons: (I) the discrepancies between 
severe LV dysfunction and cardiac enzyme elevation; (II) 
ECG findings; and (III) spontaneous or triggered coronary 
arterial spasm has not been found in all TTC cases. Several 
factors may synergistically influence TCC; some mechanistic 
studies have reported the conflicting results. Dobutamine 
or epinephrine, which has a dominant coronary vasodilatory 
effect, induces clinical cases (24): likewise, the high dose of 
β-adrenoceptor agonist isoproterenol induces acute apical 
dysfunction (25). These findings do not support vasospasm 
as a primary cause of TTC (5,7). Some authors have also 
concluded that vasospasm has no casual role in TTC (3,5). 
Accordingly, the primary vascular cause seems unlikely. 
A recent study has suggested that α-lipoic acid (ALA) 
treatment may improve cardiac dysfunction as compared 
with placebo because sympathetic activity dysfunction is 
closely associated with its pathophysiology (26).

Although invasive coronary angiography is indispensable 
to distinguish acute coronary syndrome from TTC, non-
invasive imaging modalities are becoming useful for 
TTC assessment (14,27-29). Even in emergent situations, 
echocardiography provides the accurate evaluation of TTC 
and contributes to the increased number of detection in 

daily clinical practice. Transthoracic echocardiography 
depicts LV geometry, LV function and anatomic variants, 
detects complications, and monitors recovery. Here, we 
review the role of echocardiography for TTC assessment 
and its clinical and prognostic implications.

LV wall motion and systolic function

In the acute phase, an echocardiographic assessment of LV 
wall motion abnormalities (WMA) and systolic function 
are indispensable for diagnosing TTC (Figure 1). Key 
echocardiographic features in the acute phase is the large 
area of dysfunctional myocardium extending beyond the 
territory of a single coronary artery; which presents by 
symmetrical regional abnormalities, including the mid-
ventricular segments of the anterior, inferior, and lateral 
walls (a circumferential pattern) (28-30). TTC is originally 
described as apical ballooning due to apical (with or 
without midventricular segment) akinesis or hypokinesis 
with preserved or hypercontractile basal segments 
(the classic or apical type, Figure 1B). LV myocardial 
dysfunction of TTC characterized by symmetric WMAs 
including the mid-ventricular segments of the anterior, 
inferior, and lateral walls (segment 7–12 based on the ASE 
guideline) over the apical segment (segment 13–17 based 
on the ASE guideline) should be considered peculiar to 
TTC and included in the differential diagnosis of TTC 
and acute coronary syndromes (31). These findings support 
the hypothesis of diffuse ventricular dysfunction secondary 
to myocardial stunning underlying the pathogenesis of 
TTC (32). Some earlier studies reported that advanced 
echocardiographic techniques, such as tissue Doppler 
imaging and speckle tracking imaging, could provide 
new insights into LV wall motion and systolic function 
assessment (33-36). Myocardial deformation imaging with 
the speckle tracking method evaluates symmetrical patterns 
of WMS and demonstrates transient circular impairments 
of longitudinal, circumferential and radial LV functions 
as well as LV twist mechanics deficiency (34-37). These 
techniques may help to differentiate TTC from anterior 
AMI. Furthermore, the peak systolic strain rate is also 
useful for assessing LV mechanics in this situation because 
the strain rate seems to be more useful than tissue Doppler 
velocities in evaluating the LV dynamics during volume 
loading in patients with depressed LV function (37). 
Nowadays, following three patterns have been defined: 
(I) inverted (reverse; Figure 1C); (II) mid-ventricular; 
and (III) localized types (38-40). In the majority of cases, 
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Figure 1 Echocardiography obtained from the four-chamber views at diastole (A,B,C) and systole (D,E,F). (A,D) Acute anterior myocardial 
infarction. Only the mid and apical segments of the interventricular septum and anterior walls (supplied only by the left anterior descending 
coronary artery) are involved (arrows). (B,E) Classical type (apical ballooning). Wall motion abnormalities typically involve the apical 
and mid-ventricular segments of the opposite wall (the interventricular septum and lateral wall depicted in the four-chamber view). 
(C,F) Inverted type. Basal akinesis and apical normo-hyperkinesis. Key echocardiographic features during the acute phase in takotsubo 
cardiomyopathy are usually characterized by symmetrical regional abnormalities involving the mid-ventricular segments of the anterior, 
inferior, and lateral walls (arrow).

WMA typically involve the apical and mid-ventricular 
segments (defined as apical ballooning) in contrast to the 
basal segments, which are often hyperkinetic (Figure 1). 
Several variant forms of TTC have been also identified; 
mid-ventricular TTC, the second most observed category, 
is classified as atypical and rarely reported as inverted 
TTC. This type of TTC was first reported by Haghi et al.  
in 2006 and the recognition of this pathophysiology 
became widely known (40). In a large series of patients 
with TTC in the Italian network, mid-ventricular and 
inverted TTC variants were detected in 18.1% and 4.8% 
of TTC patients, respectively (11). Although the causes 

of these differences are still controversial, there are 
tendencies towards patients with inverted TTC as follows: 
(I) younger than those with the other types of TTC (41); 
and (II) lower prevalence of dyspnea, pulmonary edema, 
cardiogenic shock, T-wave inversion, and acute reversible 
mitral regurgitation (11). The assessment of LV ejection 
fraction (EF) is also important in the management of 
TTC because, according to the results of a large series 
of studies, LVEF and WMA are closely associated with 
major adverse events (11). Although serum troponin or 
creatinine kinase is disproportionately low relative to 
the extent of WMA and cardiac dysfunction in TTC, 
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the levels of serum cardiac natriuretic peptides [brain 
natriuretic peptide (BNP) or NT-proBNP] are extremely 
high and significantly correlate more closely with the 
degree of ventricular WMA (41-44). The limited evidence 
to date indicates that BNP and NT-proBNP are more 
useful diagnostic biomarkers compared with troponin, and 
its levels should be measured in all suspected cases. The 
use of invasive coronary angiography is often discussed 
because of many elderly TTC patients with different 
complications; thus, more noninvasive methods using 
echocardiography are required.

LV diastolic function

LV diastolic dysfunction of TTC evidenced by LV 
untwisting and increased E/e' ratio has recently been 
reported (11,45).  E/e'  ratio may be a s imple and 
reproducible echocardiographic parameter for the 
assessment of LV filling pressure (11,28,45-49). The most 
common clinical complication in TTC is heart failure 
with or without pulmonary edema (50) and E/e' ratio is 
an independent predictor of heart failure and in-hospital 
mortality in the multivariate analyses (11,47). LV diastolic 
function should be early and systematically assessed in 
patients with high risk of cardiovascular events during 
follow-up. Since LV diastolic dysfunction is transient 
and reversible, echocardiography is indispensable for the 
management of TTC because it can be performed anytime 
during follow-up.

Right ventricular function

The right ventricle (RV) has been a forgotten chamber for 
a long time. Recent studies have reported that RV function 
has prognostic implications in several cardiovascular 
diseases (50-52). Of all cases of TCC, 13% involve RV (51). 
RV wall abnormalities in TTC lead to poor prognosis, 
and hospital death is also reported in some cases (52-54). 
Accordingly, not only LV but also RV wall assessment 
should be performed for predicting the prognosis. In 
addition, multiple echocardiographic windows are required 
to overcome the intrinsic limitations of conventional 
parameters in the evaluation of complex RV morphology. 
Citro et al. has reported that in patients with biventricular 
ballooning, the pattern of RV contraction mirrors that 
of LV WMA (55). RV dysfunction provides additional 
information, leading to differentiation of TTC from acute 
myocardial infarction.

Complications

TTC is a relatively benign disease because LV function 
is favorably improved, although, the accumulated data 
demonstrate that 52% of TTC patients suffer from various 
complications as follows (3,8-11).

Heart failure

Heart failure with reduced EF is the most common 
complication in TTC observed in 12–45% of cases (56).  
Systolic heart failure is independently associated with 
older age, lower LVEF at presentation, higher admission 
rate and peak troponin levels, and a physical stressor 
preceding the onset of symptoms (11). In our study, old 
age and MR are independently associated with secondary 
pulmonary hypertension (57).  Echocardiography 
evaluates cardiac function, pulmonary hypertension, 
and hemodynamics even in the chronic phase; that is, 
echocardiography is more useful than the other modalities 
(Figure 2). Therefore, the echocardiographic assessments 
of LV systolic and diastolic functions and the presence 
of pulmonary hypertension are crucial for the clinical 
management of TTC in the acute phase.

Left ventricular outflow tract obstruction (LVOTO)

In the acute phase, LVOTO (defined as an intraventricular 
gradient ≥25 mmHg) caused by mitral valve systolic 
anterior motion may be trigger of myocardial stunning of 
the apical segments and hypercontraction of the basal LV  
myocardium (58). Significant LVOTO with gradients of 
20–140 mmHg is reported in 10–25% of TTC patients, 
who often reveals MR (Figure 3) (59-61). This phenomenon 
is important for decision making in clinical practice, 
particularly for prescribing drugs. The use of inotropic 
drugs and nitrates probably exacerbate LVOTO with 
subsequent hemodynamic instability, meanwhile beta-
blockers with propranolol decrease the gradient.

Acute MR

Acute MR is one of the serious complications and is 
detected in 14–25% of TTC patients (61,62). Those with 
significant MR reveal lower LVEF and higher pulmonary 
artery pressure, which may lead to acute heart failure and 
cardiogenic shock (61). Therefore, early detection by using 
echocardiography is important for providing appropriate 
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Figure 2 Left ventricular wall motion abnormalities (the wall motion abnormalities including the apical and mid-ventricular segments) and 
left ventricular diastolic function (restrictive pattern of the left ventricular inflow) improved from the acute (A) to chronic phases (B: the left 
ventricular wall motion abnormalities were normalized and the left ventricular inflow pattern shows impaired relaxation), which might lead 
to pulmonary hypertension improvement (decrease of tricuspid regurgitant pressure gradient).

BA

Figure 3 Two-dimensional transthoracic echocardiography shows systolic anterior motion of the mitral valve with left ventricular outflow 
tract obstruction in the acute phase (A). Follow-up echocardiography in the chronic phase showed the improvement of systolic anterior 
motion and left ventricular outflow tract obstruction (B).
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management. The following two entirely different 
mechanisms cause acute MR (61): (I) systolic anterior 
motion of the mitral valve is associated with dynamic 
LVOTO (Figure 4); and (II) apical tethering of the mitral 

valve (Figure 5). In most cases, MR decreases as LV function 
returns to normal (Figures 4 and 5). The current American 
College of Cardiology/American Heart Association 
guidelines recommend mitral valve surgery in symptomatic 

A B

Figure 4 Two-dimensional transthoracic echocardiograms in a patient with mitral regurgitation due to systolic anterior motion of the mitral 
valve (A). Only trivial mitral regurgitation and systolic anterior motion were depicted at follow-up (B).

B

A

Figure 5 Two-dimensional transthoracic echocardiograms in a patient with mitral regurgitation caused by apical displacement of the mitral 
valve (A). Only trivial mitral regurgitation and normal mitral leaflet close at the annular level were detected at follow-up (B).
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Figure 6 A case of TTC patient complicated cardiogenic shock with left ventricular rupture. Portable echocardiography depicts the right 
ventricle compressed by pericardial effusion from the four-chamber (A) and parasternal long axis (B) views. After surgical left ventricular 
repair, transthoracic echocardiography showed the expanded right ventricle with decreased pericardial effusion (C,D). TTC, takotsubo 
cardiomyopathy.

A

C

B

D

patients with severe acute MR (63); whereas one study 
described their theory that an aggressive medical treatment 
of TTC should be the first priority because acute MR in 
TTC is reversible (61).

Pericardial effusion

Cardiovascular magnetic resonance imaging performed 
right after admission detects small pericardial effusion 
in 43% of TTC patients and most cases are recovered 
in the chronic phase (64). In the recovery phase, some 
patients have acute pericarditis with recurrent chest pain, 
reappearance of ST-segment elevation, and a small amount 
of pericardial effusion. Ventricular wall rupture is also 
serious, although, it rarely occurs 2–8 days after TTC onset 
(9,65,66). The echocardiographic assessment for not only 

pericardial effusion but also for cardiac tamponade is vital in 
the clinical practice (Figure 6).

Thrombus formation

Thrombus in the akinetic ventricular apex is observed 
in 2–8% of TTC patients, occasionally leading to the 
occurrence of stroke or arterial embolism (65,67,68). It 
takes 2–5 days to develop thrombi after symptom onset, 
which is evaluated by using cardiac magnetic resonance 
imaging in early post-contrast acquisition sequences 
when LV function is still depressed. In addition, new 
thrombus formation and subsequent embolism possibly 
identified 14 days after onset even though LV systolic 
function has already returned to normal. Cardiac magnetic 
resonance imaging clearly visualizes the thrombus; 
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although, echocardiography is still required for checking 
thrombus formation during anticoagulation therapy. LV 
thrombi may be improved within 2 weeks of therapeutic 
anticoagulation; however, anticoagulation therapy should 
be provided for approximately 3 months. Follow-up 
imaging is advisable to confirm the recovery of apical 
contractile function. Therapeutic use of prophylactic 
anticoagulants in TTC patients with high risk has not 
been fully established because of insufficient evidence; 
however, it might be considered as a medical alternative.

Recurrence

A meta-analysis published in 2014 has described that in a 
2-year follow-up, 3–8% of TTC patients had recurring 
its symptoms; requiring particular attention for this fact 
(7,8,69-72). Different LV wall motion disorders in the 
same patient are also reported; that is, wall motion disorder 
patterns are not always the same (73,74).

Conclusions

This review summarizes the significant points to be kept 
in mind while using echocardiography in the assessment of 
TTC. Since an echocardiographic examination is not enough 
to evaluate sympathetic tone activation and coronary flow, 
in TTC, echocardiography should be the first non-invasive 
imaging technique in a diagnosis of suspected TTC, as it 
provides sufficient evaluations even in an emergent case. 
TTC drastically changes cardiac function and hemodynamics, 
and echocardiography precisely depicts its time course. 
Further use of echocardiography should be considered for 
non-invasive assessment in patients with TTC.
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