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ÖZET

Takotsubo sendromu, kalbin sol ventrikülünün geçici işlev 
bozukluğu ile karakterize akut, geri dönüşümlü bir hastalıktır. 
Takotsubo sendromunun patogenezi tam olarak bilinmemekte-
dir. Ancak Takotsubo sendromununpatogenezi ile ilgili çeşitli hi-
potezler ileri sürülmüştür. Takotsubo sendromunun patogenezi 
ile ilgili hipotezler; koroner mikrovasküler disfonksiyon, koroner 
arter spazmı, katekolamin kaynaklı miyokardiyal sersemleme, 
akut koroner sendromdan sonrası reperfüzyon hasarı, miyokar-
diyal mikroinfarktüs, endotel disfonksiyonu ve östrojen eksikliği 
ve kardiyak yağ asidi metabolizmasındaki anormallikler şeklin-
de adlandırılabilir. Takotsubo sendromu ile ilgili hipotez ve teo-
riler arasında en sık olarak katekolamin kaynaklı kardiyotoksisite 
ve koroner mikrovasküler disfonksiyon üzerinde durulmaktadır. 
Takotsubo sendromu bazı klinik semptom ve bulgularla kendi-
ni gösterir. Takotsubo sendromunda, başvuru sırasında görülen 
semptomlar, en yaygından en aza doğru göğüs ağrısı, nefes 
darlığı ve senkoptur. Klinik olarak akut göğüs ağrısı ve nefes 
darlığı gibi şikayetlere neden olduğu için akut miyokard enfark-
tüsü veya akut koroner sendrom ile karıştırılabilir. Bu nedenle 
bu hastalıklardan ayırt edilmesi önemlidir. Ayırıcı tanıda anam-
nez, fizik muayene, kardiyak troponin, kreatin kinaz, troponin, 
elektrokardiyografi (EKG), koroner anjiyografi kullanılır. Takotsu-
bo sendromunun ayırıcı tanısında fiziksel veya duygusal stresin 
varlığı önemli bir rol oynar. Takotsubo sendromu için spesifik 
bir tedavi yoktur. Ancak tedavi akut ve kronik dönemler olarak 
ikiye ayrılabilir. Akut dönemde Takotsubo sendromuna bağlı 
gelişen komplikasyonlara yönelik tedaviler uygulanırken, kro-
nik dönemde beta blokerler, anjiyotensin dönüştürücü enzim 
(ACE) inhibitörleri, anjiyotensin II reseptör blokerleri gibi ilaçlar 
kullanılmaktadır. Takotsubo sendromu yoğun bakım hastala-
rında da görülebilmektedir. Yoğun bakım hastalarında sıklıkla 
hemodinamik bozukluklar ve solunum yetmezliği ile kendini 
gösterir. Bu nedenle yoğun bakım hastalarında hemodinamik 
ve solunumsal değişiklikler gözlendiğinde Takotsubo sendro-
mu düşünülmeli ve hastalar bu yönde takip edilmelidir.

ANAHTAR KELİMELER: Takotsubo Sendromu, Yoğun Bakım, 
Stres, Akut Hastalık.

ABSTRACT

Takotsubo syndrome is an acute, reversible disease characteri-
zed by transient dysfunction of the left ventricle of the heart. 
The pathogenesis of Takotsubo syndrome is not known preci-
sely. However, various hypotheses regarding pathogenesis have 
been put forward. These hypotheses; coronary microvascular 
dysfunction, coronary artery spasm, catecholamine-induced 
myocardial stunning, reperfusion injury after acute coronary 
syndrome, myocardial microinfarction, endothelial dysfuncti-
on and estrogen deficiency, and abnormalities in cardiac fatty 
acid metabolism. Among these hypotheses and theories, cate-
cholamine-induced cardiotoxicity and coronary microvascular 
dysfunction are most frequently emphasized. Takotsubo synd-
rome manifests itself with some clinical symptoms and signs. In 
Takotsubo syndrome, symptoms seen at presentation are chest 
pain, shortness of breath, and syncope, from the most common 
to the least. Clinically, it can be confused with acute myocardial 
infarction or acute coronary syndrome because it causes comp-
laints such as acute chest pain and shortness of breath. There-
fore, it is important to differentiate from these diseases. Anam-
nesis, physical examination, cardiac troponin, creatine kinase, 
troponin, electrocardiography (ECG), coronary angiography are 
used in the differential diagnosis. The presence of physical or 
emotional stress plays an important role in the differential di-
agnosis of Takotsubo syndrome. There is no specific treatment 
for Takotsubo syndrome. However, treatment can be divided 
into two parts as acute and chronic phases. While treatments 
for complications arising due to Takotsubo syndrome are app-
lied in the acute phase, drugs such as beta blockers, angioten-
sin converting enzyme (ACE) inhibitors, angiotensin II receptor 
blockers are used in the chronic phase. Takotsubo syndrome 
can also be seen in intensive care patients. In intensive care pa-
tients, it often manifests itself with hemodynamic disturbances 
and respiratory failure. Therefore, Takotsubo syndrome should 
be considered in intensive care patients when hemodynamic 
and respiratory changes are observed and patients should be 
followed up in this direction.

KEYWORDS: Takotsubo syndrome, Intensive care, Stress, Acute 
Disease.
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INTRODUCTION

Takotsubo syndrome (TCMP) (Stress-induced 
cardiomyopathy, Apical ballooning syndrome, 
Broken heart syndrome) is an acute disease cha-
racterized by transient left ventricular dysfunc-
tion (1, 2). It often causes reversible heart failure 
and resolves spontaneously within weeks (2 – 
4). Patients often present with clinical signs such 
as acute chest pain and shortness of breath (2, 
5). These complaints are similar to the presen-
ting complaints of acute myocardial infarction 
or acute coronary syndrome. In addition, ele-
vation of cardiac troponin and creatine kinase, 
ECG (Electrocardiography) changes (findings 
such as ST elevations in precordial leads) cause 
confusion with acute myocardial infarction and 
acute coronary syndrome in the early period of 
diagnosis (1). The fact that coronary stenosis is 
not observed in coronary angiography and the-
re is a triggering emotional or physical stress 
in the anamnesis are helpful for TCMP (5, 6).

In TCMP, apical ballooning of the left ventricle is 
observed after systole (1). This is the classic pat-
tern of left ventricular morphology. Apart from 
that, in TCMP; morphological features such as 
hypokinetic circumferential base (inverted Ta-
kotsubo variant), hypokinetic circumferential 
mid-ventricle (middle LV –Left Ventricule- vari-
ant), and focal variations can be traced (7 – 11).

An association between emotional or physi-
cal stress and cardiovascular events was re-
cognized long ago. Stressful situations in po-
pulation level cause a surge in cardiovascular 
mortality. Major non-cardiac surgeries, sepsis 
and subarachnoid hemorrhage increase car-
diovascular mortality without an apparent 
coronary artery obstruction or cardiac struc-
tural abnormalities (12). One of the reasons 
for this increased cardiovascular mortality is 
Takotsubo syndrome. After the central Niiga-
ta Prefecture earthquake in Japan in 2004, a 
raised incidence of TCMP was reported (13). 

Takotsubo syndrome can also be obser-
ved in intensive care patients. Most of the 
patients who are followed up in the inten-
sive care unit initially present with serious 
diseases that lead to major stress such as res-
piratory distress, sepsis, convulsions and shock. 

Therefore, many of the patients followed up 
in the intensive care unit potentially have Ta-
kotsubo syndrome. This is why Takotsubo sy-
ndrome is not uncommon in intensive care. 
It is associated with particularly significant 
haemodynamic and respiratory instability in 
intensive care patients (14). Respiratory and 
hemodynamic deterioration with new onset 
arrhythmias are a warning for Takotsubo sy-
ndrome in intensive care patients. Therefore, 
when such conditions develop in patients fol-
lowed in intensive care, patients should be 
followed up in terms of Takotsubo syndrome.

There is no specific treatment for Takotsubo 
syndrome. The treatment of Takotsubo synd-
rome is different in the acute phase and in the 
chronic phase and recurrence. In the acute pha-
se, complications arising from Takotsubo sy-
ndrome are treated. In the chronic phase and 
recurrence, agents such as beta-blockers, an-
giotensin converting enzyme (ACE) inhibitors, 
Angiotensin II receptor blockers are used(1, 12). 

EPIDEMIOLOGY

Takotsubo CMP (TCMP) is usually known as a di-
sease that affects the older Asian women. While 
this assumption is mostly accurate, patients from 
all age groups have been reported, including a 2 
years old girl with a malignancy (15). Several stu-
dies from Western countries reported that 90% 
of the patients were women between the ages 
65-70 (15, 16). One study from Japan also repor-
ted the average age of the patients as 74 (15). 

It is hard to detect the true incidence of TCMP, 
as it is a newly recognized disease, the informa-
tion and clinical experience available is rapidly 
increasing. It should be noted that as the recog-
nition of the disease increases, yearly incidence 
also increases. Minhas et al. reported a 20 fold 
increase in the incidence of TCMP between 2006 
and 2012 (17). This is mostly due to the increa-
sed awareness of clinicians to the disease. This 
trend in the increased incidence was also repor-
ted in several other studies. For example, one 
center from Minneapolis reported an increased 
incidence in the last decade, with an incidence 
of 50 patients in the year of 2009 (15).  Another 
study reports that 2% of the patients who were 
admitted with a suspected acute coronary sy-
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ndrome were eventually diagnosed with TCMP. 
Annual incidence of TCMP in United States (US) 
may be estimated around 7000-14000 cases (13).

One of the large-scale studies about the epide-
miology of TCMP comes from the United States 
of America (US). 1/5 of the US community hospi-
tals were included in the study, and the inciden-
ce of TCMP was found to be 6,837 in 2008. The 
same cohort also emphasized that 70% of the 
patients were white and only 1% of them were 
Asian. This skew towards the Caucasians may be 
caused by the distribution of the sample popu-
lation, however, this study shows that the TCMP 
is not restricted to Asians and may be seen in 
Caucasians too. As the reports and case series 
demonstrate, the incidence of TCMP is lower in 
Hispanics and African Americans.  The recurren-
ce rate of the disease varies between 0-22% in 
different patient groups (18). Additionally, re-
currence rate was detected as 17.7% in patients 
with pheochromocytoma triggered TCMP (19). 

There are no large scale epidemiological studies 
that correlate the combined incidence of neuro-
logical diseases and TCMP. However, several 
case series emphasize the causative relationship 
between neurological diseases and TCMP. One 
study from Italy reports that emotional triggers 
were seen in 27.7% of the cases, while physical 
triggers were seen in 36% of them. 7.8% of the 
patients had both physical and emotional trig-
gers. Additionally, 55.6% of the patients had an 
acute or past history of the neurological or ps-
ychiatric diseases (20).  In rare cases, TCMP may 
be triggered by viral diseases. there are 4 cases 
of TCMP triggered by viral gastroenteritis (21). 

Takotsubo syndrome is not rarely observed 
in intensive care units. In a study conduc-
ted by Muratsu et al., 5 of the 5084 patients 
admitted to the intensive care unit were di-
agnosed with Takotsubo syndrome and 19 
with clinical Takotsubo syndrome. The most 
common primary disease among the pa-
tients was sepsis (n=10), and secondary 
was subarachnoid hemorrhage (n=5), (22). 

In the study conducted by Doyen et al., 13 of 
280 patients admitted to the intensive care 
unit were diagnosed with Takotsubo syndrome 
using Mayo clinical criteria. Takotsubo syndro-

me was later confirmed by European Society 
of Cardiology (ESC) Heart Failure Association 
criteria. 69.2% of the patients diagnosed with 
Takotsubo syndrome were found to be female. 
In addition, the study found that Takotsubo sy-
ndrome is associated with high morbidity (14). 

In another study from Korea, surprisingly 
high numbers of TCMP cases in Internal Care 
Unit (ICU) settings were reported. In a samp-
le group of 92 patients, 28% were found to 
have TCMP (23). Rowell et al. reported only 4 
cases of TCMP in their sample of 116 patients. 
In the same study, all of the patients were wo-
men (24). Lastly Oras et al. reported the inci-
dence of 5% in a retrospective study in which 
more than 1000 patients were included (25). 

Another article by Salah et al. presents 10 ca-
ses of TCMP in Coronavirus Disease-19 (CO-
VID-19) patients. The mean age was 64.6 and 
9 of the patients presented were women (26).

Also, after the COVID-19 pandemic, the rate of 
TCMP has increased in patients with initial diag-
nosis of acute coronary syndrome.  As stated in 
this chapter, before the pandemic, this rate was 
near 2%, however after the start of the pandemic, 
this rate has risen to 7.75% (27). This significant 
increase is also supported by the study of Euro-
pean Association of Cardiovascular Imaging. In 
their study, 1216 COVID-19 positive patients 
were evaluated and 2% of them were diagnosed 
with TCMP (28). In another study, 118 COVID-19 
positive patients were evaluated with clinically 
indicated transthoracic echocardiography and 
4.2% of them were diagnosed with TCMP (29). 

PATHOPHYSIOLOGY

The pathogenesis of TCMP is not known pre-
cisely (2, 30, 31). However, various hypothe-
ses regarding pathogenesis have been put 
forward. These hypotheses; coronary micro-
vascular dysfunction, coronary artery spasm, 
catecholamine-induced myocardial stunning, 
reperfusion injury after acute coronary synd-
rome, myocardial microinfarction, endothelial 
dysfunction and estrogen deficiency, and ab-
normalities in cardiac fatty acid metabolism 
(2, 31). Among these hypotheses and theories, 
catecholamine-induced cardiotoxicity and co-
ronary microvascular dysfunction are most 
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frequently emphasized. Myocarditis is another 
theory about the pathophysiology of the TCMP, 
however, it is extremely unlikely due to absen-
ce of myocarditis in biopsies and absence of 
delayed gadolinium hyperenhancement with 
Cardiac magnetic resonance imaging (MRI).

1. Catecholamine-Induced Myocardial Stunning

It has been found that patients with TCMP ex-
perience an emotional loss or trauma before 
the diagnosis when questioned (2, 32). As a re-
sult of this study, it was suggested that excessi-
ve catecholamine release due to stress in TCMP 
leads to left ventricular dysfunction (30, 33 – 
35). Various studies have been done to support 
this theory. One study found that patients with 
TCMP had higher circulating catecholamine 
levels compared to normal values (36, 37) and 
these levels persisted for 7-9 days after the initi-
al presentation. Moreover, in a study of patients 
with TCMP (37), serum catecholamine concent-
rations were found to be two to three higher 
than in patients with myocardial infarction. 
This situation reveals that serious emotional 
stress is an accelerating factor in the develop-
ment of TCMP. However, exogenous catechola-
mines, subarachnoid hemorrhage and pheoch-
romocytoma have been reported to cause typical 
TCMP features such as wall motion abnorma-
lities and depressed ejection fraction. (38, 39). 

In addition to these, another study demons-
trated that patients with hemodynamically 
unstable TCMP have a higher risk of heart at-
tack when catecholamine supplementation 
is given, different complications associated 
with TCMP occur, and the risk of death is hig-
her (1). Also, rat models showed that ST-seg-
ment elevations and apical ballooning may 
be prevented by the administration of alp-
ha and beta receptor antagonists. These 
studies support the catecholamine theory.

Also, a study by Muratsu et al. demonstrated 
that subarachnoid hemorrhage was the second 
most frequent complication in ICU patients who 
had TCMP (22). This finding supports the hypot-
hesis that sympathetic nervous system activati-
on may induce TCMP. There is catecholamine-in-
duced endothelial dysfunction in TCMP (40).

2. Endothelial Dysfunction and Estrogen Deficiency

Recent studies have shown that endot-
helial dysfunction is common in patients 
with TCMP (2). These studies are thought to 
explain the epicardial and/or microvascu-
lar coronary artery spasm seen in TCMP (2).
Both age-related and estrogen deficiency co-
ronary vasomotor abnormalities have been de-
monstrated in TCMP (41 – 43). This may expla-
in the prevalence of TCMP in postmenopausal 
women. In physiological conditions, estrogen 
is beneficial on coronary microcirculation by 
various mechanisms (endothelium-depen-
dent and endothelial-independent) and has 
a positive effect on coronary blood flow (43).
In a study, it has been shown that stress-indu-
ced left ventricular apical ballooning can be 
prevented with estrogen supplementation 
(44). This situation supports the role of est-
rogen deficiency in the development of TCMP.

3. Coronary Microvascular Dysfunction

The majority of patients who undergo ima-
ging for TCMP have normal coronary arteries 
or non-obstructive coronary artery disease on 
angiography (45). Therefore, obstructive co-
ronary disease was excluded in the etiology 
of TCMP. Therefore, microvascular causes are 
thought to play a role in pathophysiology. Ba-
sed on this, the theory of coronary microvas-
cular dysfunction has been put forward. As a 
result of imaging methods performed for this 
theory, there are data in the literature indica-
ting that microvascular dysfunction has a place 
in TCMP (40). However, coronary angiography 
is not used to visualize coronary microcircula-
tion. Other focused methods such as throm-
bolysis in myocardial infarction (TIMI) frame 
count, corrected TIMI frame count (CTFC), TIMI 
myocardial perfusion grade (TMPG), and co-
ronary flow reserve (CFR) have shown confli-
cting results.  However, the limited imaging 
methods make it difficult to reveal new data. 

CLINICAL PRESENTATION

Takotsubo syndrome constitutes approximately 
1-2% of patients presenting with acute coronary 
syndrome (3, 46, 47). The majority of patients 
with Takotsubo syndrome are women (48).
In the early stages of Takotsubo syndrome, ele-
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ctrocardiographic findings and biomarkers are 
generally similar to acute coronary syndrome (3, 
32, 49 – 52). In Takotsubo syndrome, symptoms 
seen at presentation are chest pain, shortness of 
breath, and syncope, from the most common to 
the least (48, 50, 53). Since chest pain and short-
ness of breath are common in acute myocardial 
infarction, Takotsubo syndrome may be confu-
sed with acute myocardial infarction. However, 
the severity of symptoms in Takotsubo syndro-
me is generally less severe than in acute myo-
cardial infarction (53). Pulmonary edema can be 
observed in Takotsubo syndrome (48). Howe-
ver, cardiac arrest, cardiogenic shock, and seve-
re arrhythmias are rarely observed at the onset 
of the disease (out-of-hospital settings) (48, 
53). Apart from these symptoms, nonspecific 
symptoms such as weakness, cough and fever 
have also been reported (3, 32, 49, 51, 54, 55).

This syndrome may also develop in intensive 
care unit (ICU) patients. Usually first signs inclu-
de pulmonary edema and ischemic changes in 
ECG. Cardiac biomarkers may also be elevated. In 
contrast with the other patients, most patients 
in the ICU are unable to experience chest pain 
due to continuous sedation or overlapping sy-
mptoms of other conditions. This makes the di-
agnosis more challenging. In a study by Haghi et 
al. 5 out of 6 patients were unable to report chest 
pain and for these 5 patients, hemodynamic 
deterioration was the key diagnostic clue (56). 
Another study by Doyen et al. reported that 
69.2% of the ICU patients who developed TCMP 
presented with shock, 46.2% presented with 
arrhythmias and 92.3% presented with acute 
respiratory failure (14). In a study by Giustino et 
al. 118 laboratory-confirmed COVID-19 patients 
underwent a clinically indicated Trans-thora-
cic echocardiography and the results of 5 of 
them (4.2%) were found to be compatible with 
TCMP. The median age was reported to be 66 
and all of them were men. At the time of the 
admission, 4 of them had shortness of bre-
ath and the other patient had chest pain (29).

One case report from Chicago describes a 
COVID-19 positive patient with rapid dete-
rioration of cardiorespiratory status in her 
4th day of hospitalization (57). It should be 
noted that during the hospital course, CO-
VID-19 positive patients may experience 
symptoms that are consistent with TCMP.

DIAGNOSIS

Takotsubo CMP, manifests very similarly to 
acute coronary syndrome (ACS). In most ca-
ses, acute presentations are approached like 
ACS. In this section, diagnostic approaches 
and different criterions are explained. Firstly, 
ECG manifestations of TCMP mimic ACS and 
commonly cause misdiagnosis (Figure 1). 

Figure 1: Takotsubo Syndrome Mimicking Acute Coronary Sy-
ndrome (Inferior MI) ECG Findings

Just like ACS, ST-segment elevations in pre-
cordial, inferior or lateral leads may be seen 
in TCMP. Elevations are most commonly seen 
in precordial leads, around 40-50% of the ca-
ses. Also, in some patients, new onset bundle 
branch blocks or non-specific T wave abnorma-
lities may be detected. It is important to note 
that in the initial presentation, normal ECG fin-
dings don’t rule out TCMP. In the following 2-3 
days, ST-segment elevations tend to resolve 
and are replaced by diffuse deep T-wave inver-
sions and QT-segment prolongation (57). Also, 
in some rare cases, transient pathological Q 
waves may be seen. Usually, these abnormali-
ties are expected to resolve in 3-6 months (13).

In the acute settings, troponin level is usually 
measured for the ACS. Similarly to ACS, cardiac 
biomarkers are elevated in TCMP too, contribu-
ting to misdiagnosis. In 90% of the patients, at 
the initial presentation, the markers are found 
to be elevated (15). Compared to the ACS, peak 
troponin levels are usually found to be lower and 
creatine kinase (CK) level doesn’t exceed 500 U/L 
(58). In contrast, brain natriuretic peptide (BNP) 
and N-terminal prohormone of brain natriure-
tic peptide (NT-pro-BNP) levels peak around the 
48 hour (h) after the initial presentation and are 
usually 3-4 folds greater than the levels found 
in ACS (59). However, 24 times higher than nor-
mal biomarker levels were also reported (60).
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Ideally, patients with ACS should undergo an-
giography after the initial diagnosis. TCMP pa-
tients usually undergo angiography because of 
the initial misdiagnosis of ACS. During the angi-
ography, no obstructions are detected in TCMP 
patients (61). However, in cardiac imaging, vent-
ricular wall motion abnormalities are seen in the-
se patients. These abnormalities are differentia-
ted from ACS by their distributions. 3 different 
abnormal Left Ventricule (LV) contraction pat-
terns are identified to be associated with TCMP. 
Most common type is apical ballooning type 
(75%) followed by mid ballooning type (25%)
(15). Basal ballooning is seen very rarely (<1%), 
which is also called ‘’inverted TCMP’’(18,62).

30% of the patients also show signs of right 
ventricular wall abnormalities(13, 61). These pa-
tients tend to develop congestive heart failure 
and have worse prognosis compared to patients 
with no right ventricular abnormalities (13).

In order to accurately diagnose TCMP, a detai-
led history must be obtained. As emphasized 
previously, different physical or emotional fac-
tors may trigger this syndrome. Also, it should 
be noted that TCMP may manifest in chroni-
cally ill patients who are admitted to the ICU 
for a long term. ICU patients who develop left 
ventricular systolic dysfunction in association 
with 1 or more of the factors such as hemody-
namic compromise, pulmonary edema, tropo-
nin elevation, or ECG evidence of ischemia or 
infarction should be investigated for TCMP (23). 

Also, it should be noted that ACS and TCMP 
may coexist and are not mutually exclusive (18).

Currently, there no universal diagnostic ap-
proach to TCMP. However, 4 different diagnos-
tic criterions are used commonly (Box 1 - 4).
Box 1: Mayo clinic criteria (63)

Box 2: Swedish criterion (64)

Box 3: Italian criteria (65)

Box 4: MRI-based criteria from US and Europa (66)

TREATMENT

Treatment in Acute Phase

There is no specific treatment for Takotsu-
bo syndrome (67). Current treatment mo-
dalities applied in the acute phase are sup-
portive therapies aimed at reducing the 
complications of Takotsubo syndrome (68).

In the acute phase of Takotsubo syndrome, 
serious cardiological complications occur in 
approximately 20% of patients (39). The most 
common complication in the acute phase is 
systolic heart failure (51, 52, 69). Complicati-
ons occurring during this period can be con-
fused with acute coronary syndrome (33).

When patients with Takotsubo syndrome 
present to the hospital, all patients should 
be followed up by ECG for at least 24 hours 
(70). However, patients with corrected QT 
interval (QTc) prolongation should also be 
followed up by ECG because of the increa-
sed risk of ventricular arrhythmias (58, 70).

 1. Transient hypokinesis, akinesis, or dyskinesis of the left ventricular mid segments with 
or without apical involvement; the regional wall motion abnormalities extend beyond a 
single epicardial vascular distribution; a stressful trigger is often, but not always present.  

2. Absence of obstructive coronary disease or angiographic evidence of acute plaque 
rupture.  

3. New electrocardiographic abnormalities (either ST-segment elevation and/or T-wave 
inversion) or modest elevation in cardiac troponin. 

4. Absence of: 
Pheochromocytoma, Myocarditis 

 Transient hypokinesis, akinesis, or dyskinesis in segments of the left ventricle, and 
frequently a stressful trigger (psychological or physical) 

 ■ Absence of other pathological conditions (for example, ischemia, myocarditis, toxic 
damage, and tachycardia) that might more credibly explain the regional dysfunction 

■ Slight or no increase in cardiac troponin levels (disparate with the amount of 
myocardial dysfunction) 
  

 Typical transient LV wall-motion abnormalities extending beyond one epicardial 
vascular distribution, with complete functional normalization within 6 weeks 

 ■ Absence of potentially culprit coronary stenosis or angiographic evidence of acute 
plaque rupture, dissection, thrombosis, or spasm 

■ New and dynamic ST-segment abnormalities or T-wave inversion 

 ■ Onset of transient or permanent left-bundle-branch block 

■ Mild increase in myocardial injury markers (creatine kinase MB <50 U/L) 

■ Clinical and/or instrumental exclusion of myocarditis 

■ Postmenopausal woman (optional) 

■ Antecedent stressful event (optional) 
  

■ An acute cardiac event typically presenting with chest pain and/or dyspnea 

■ Transient systolic dysfunction with marked left ventricule(LV) contraction abnormality 
(akinesia or dyskinesia of the LV apical and/or midventricular or basal segments) 

■ Absence of severe (>50%) obstructive coronary artery disease or angiographic 
evidence of acute plaque rupture 

■ Electrocardiographic abnormalities (ST-segment elevation or T-wave inversion) 

■ Slightly raised cardiac troponin level 

■ Absence of pheochromocytoma 

■ Absence of myocarditis or typical ischemic transmural late gadolinium enhancement 
on cardiovascular MRI (if available) 
  



It is important to determine the presence of 
hemodynamically significant left ventricular 
outflow tract obstruction in patients with Tako-
tsubo syndrome who develop complications of 
cardiogenic shock. Inotropic agents should be 
discontinued immediately in the presence of 
left ventricular outflow obstruction to prevent 
an increase in obstruction (67, 70). Because left 
ventricular outflow tract obstruction is associ-
ated with basal hypercontractility in patients 
with Takotsubo syndrome (38, 70 – 72). In such 
patients, in the absence of severe heart failure, 
short-acting intravenous (IV) Beta-blockers may 
be used. However, attention should be paid to 
the use of catecholamines as well as inotropes 
in the treatment of patients with Takotsubo sy-
ndrome who develop cardiogenic shock wit-
hout left ventricular outflow tract obstruction. 
Because it is thought that catecholamines are 
also involved in the pathogenesis of Takotsubo 
syndrome (36, 37). Levosimendan can be used 
as a positive inotrope for maintaining catecho-
lamine levels (73). However, its use is controver-
sial due to the lack of evidence. Therefore, early 
evaluation of mechanical support is necessary 
in patients with low cardiac output. Mechani-
cal support devices such as a microaxial blood 
pump can be used in patients with Takotsubo 
syndrome who develop cardiogenic shock (50, 
70). Afterload does not increase in microaxial 
blood pump treatment. This is one of the advan-
tages of microaxial blood pump therapy. In pa-
tients with Takotsubo syndrome with refractory 
shock, extracorporeal membrane oxygenation 
and temporary left ventricular assist devices can 
be used if there are no contraindications (70, 74).

In patients with Takotsubo syndrome who 
develop congestive heart failure, diuretics 
or treatments such as nitroglycerin can be 
used to reduce preload (32, 37). ACE inhibi-
tors or angiotensin II receptor blockers can be 
used in the presence of congestive heart fa-
ilure, wall motion abnormality and impaired 
left ventricular ejection fraction. In the acute 
phase of Takotsubo syndrome, the use of Be-
ta-blockers is beneficial in reducing in-hos-
pital mortality, regardless of the presence of 
left ventricular outflow tract obstruction (75).

Another complication of Takotsubo syndrome 
is intraventricular thrombus. Intraventricular 

thrombus is especially seen in patients with se-
vere apical ballooning and low left ventricular 
ejection fraction and is seen in approximately 
2-5% of patients (66, 76). In order to prevent 
intraventricular thrombus formation, the use of 
prophylactic anticoagulants in patients with Ta-
kotsubo syndrome with impaired left ventricu-
lar ejection fraction is recommended by some 
experts until left ventricular ejection fraction 
is recovered (68, 70, 71, 77, 78). The prolonga-
tion of the QTc interval in Takotsubo syndrome 
is associated with the development of vent-
ricular arrhythmia (58). Therefore, the use of 
drugs that cause QT prolongation in patients 
with Takotsubo syndrome should be avoided.

The prognosis of the TCMP is reported to be 
benign in most patients. This is also true for 
ICU patients. Despite the accompanying co-
morbidities, Haghi et al. reported that only 1 
out of 6 patients died due to other conditions. 

Treatment in Recurrence and Chronic Phase

Beta-blockers are used to prevent recurrence 
in Takotsubo syndrome (12, 67). Beta-blockers 
may protect against stress triggers and the en-
suing catecholamine surges (67). Therefore, Be-
ta-blockers are most frequently prescribed after 
discharge in patients with Takotsubo syndrome 
(67). However, recent studies have shown that 
post-discharge beta blocker use has no benefi-
cial effect on mortality after 1 year of follow-up 
(50). In addition, two meta-analyzes did not 
confirm the hypothesis that beta blockers are 
useful in preventing the recurrence of Takotsu-
bo syndrome (79, 80). However, the use of ACE 
inhibitors or angiotensin II receptor blockers in 
the chronic phase of Takotsubo syndrome is as-
sociated with decreased relapse rate in Takot-
subo syndrome or improved survival at 1-year 
follow-up (50, 80). This association can be expla-
ined by the reduction of sympathetic activity or 
the anti-inflammatory effect on the myocardi-
um via the renin-angiotensin system of ACE inhi-
bitors and Angiotensin II receptor blockers (67). 

Takotsubo syndrome is a disease with acute, 
transient left ventricular dysfunction (1, 2). Pa-
tients often present with shortness of breath 
and chest pain. Therefore, it can be confused 
with acute myocardial infarction(MI) and acute 
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coronary syndrome. Therefore, ECG, cardiac tro-
ponin and creatine kinase levels are important 
in the differential diagnosis (1). However, no ste-
nosis is observed in the coronary angiography in 
Takotsubo syndrome. In addition, patients often 
have a history of emotional and physical stress.

There is no specific agent in the treatment of 
Takotsubo syndrome. Besides, treatment is divi-
ded into two: acute phase and chronic phase-re-
currence. Symptomatic treatment is applied for 
complications in the acute phase. In the chronic 
phase and recurrence, agents such as beta-blo-
ckers, ACE inhibitors, angiotensin II receptor 
blockers are used. However, the exact effecti-
veness of these treatments has not been fully 
established. Therefore, further studies are nee-
ded for the treatment of Takotsubo syndrome.

REFERENCES

1. Ansari U, El-Battrawy I, Fastner C, et al. Clinical outcomes 
associated with catecholamine use in patients diagnosed 
with Takotsubo cardiomyopathy. BMC Cardiovascular 
Disorders. 2018;20(18):54. 

2. Pelliccia F, Kaski JC, Crea F, et al. Pathophysiology of 
Takotsubo Syndrome. Circulation. 2017;135(24):2426–41. 

3. Hurst RT, Prasad A, Askew JW, et al. Takotsubo 
cardiomyopathy: a unique cardiomyopathy with variable 
ventricular morphology. JACC Cardiovasc Imaging. 
2010;3(6):641–9. 

4. Medeiros K, O’Connor MJ, Baicu CF, et al. Systolic and 
diastolic mechanics in stress cardiomyopathy. Circulation. 
2014;22(16):1659–67. 

5. Prasad A. Apical ballooning syndrome: an important 
differential diagnosis of acute myocardial infarction. 
Circulation. 2007;115(5):56-9. 

6.  Maron BJ, Towbin JA, Thiene G, et al. Contemporary 
definitions and classification of the cardiomyopathies: 
an American Heart Association Scientific Statement 
from the Council on Clinical Cardiology, Heart Failure 
and Transplantation Committee; Quality of Care and 
Outcomes Research and Functional Genomics and 
Translational Biology Interdisciplinary Working Groups; 
and Council on Epidemiology and Prevention. Circulation. 
2006;113(14):1807–16. 

7. Haghi D, Athanasiadis A, Papavassiliu T, et al. Right 
ventricular involvement in Takotsubo cardiomyopathy. 
Eur Heart J. 2006;27(20):2433–9. 

8. Kurowski V, Kaiser A, von Hof K, et al. Apical and 
midventricular transient left ventricular dysfunction 
syndrome (tako-tsubo cardiomyopathy): frequency, 
mechanisms, and prognosis. Chest. 2007;132(3):809–16. 
 

9. Ennezat PV, Rossi DP, Aubert JM, et al. Transient left 
ventricular basal dysfunction without coronary stenosis 
in acute cerebral disorders: a novel heart syndrome 
(inverted Takotsubo). Echocardiography. 2005;22(7):599–
602. 

10. Van de Walle SOA, Gevaert SA, Gheeraert PJ, et 
al. Transient stress-induced cardiomyopathy with an 
‘inverted takotsubo’ contractile pattern. Mayo Clin Proc. 
2006;81(11):1499–502. 

11. Cacciotti L, Camastra GS, Beni S, et al. A new 
variant of Tako-tsubo cardiomyopathy: transient mid-
ventricular ballooning. J Cardiovasc Med (Hagerstown). 
2007;8(12):1052–4. 

12. Veillet-Chowdhury M, Hassan SF, Stergiopoulos K. 
Takotsubo cardiomyopathy: A review. Acute Cardiac 
Care. 2014;16(1):15–22. 

13. Prasad A, Lerman A, Rihal CS. Apical ballooning 
syndrome (Tako-Tsubo or stress cardiomyopathy): A 
mimic of acute myocardial infarction. American Heart 
Journal. 2008;155(3):408–17. 

14.  Doyen D, Moschietto S, Squara F, et al. Incidence, 
clinical features and outcome of Takotsubo syndrome 
in the intensive care unit. Archives of Cardiovascular 
Diseases. 2020;113(3):176–88. 

15. Sharkey SW, Maron BJ. Epidemiology and 
Clinical Profile of Takotsubo Cardiomyopathy. Circ J. 
2014;78(9):2119–28. 

16. Templin C, Ghadri JR, Diekmann J, et al. Clinical Features 
and Outcomes of Takotsubo (Stress) Cardiomyopathy. N 
Engl J Med. 2015;373(10):929–38. 

17. Minhas AS, Hughey AB, Kolias TJ. Nationwide Trends 
in Reported Incidence of Takotsubo Cardiomyopathy 
from 2006 to 2012. The American Journal of Cardiology. 
2015;116(7):1128–31. 

18. Akashi YJ, Nef HM, Lyon AR. Epidemiology and 
pathophysiology of Takotsubo syndrome. Nat Rev 
Cardiol. 2015;12(7):387–97. 

19. Y-Hassan S. Clinical Features and Outcome of Pheoch-
romocytoma-Induced Takotsubo Syndrome: Analysis of 
80 Published Cases. The American Journal of Cardiology. 
2016;117(11):1836–44. 

20. De Angelis F, Savino K, Oliva V, et al. Over the excep-
tions: Psychiatric disorder, medical stress, and takotsubo 
cardiomyopathy. J Cardiovasc Echography. 2017;27(2):66. 

21. Ashfaq A, Ullah W, Khanal S, et al. Takotsubo cardi-
omyopathy: a rare complication of acute viral gastroen-
teritis. Journal of Community Hospital Internal Medicine 
Perspectives. 2020;10(3):258–61. 

22. Muratsu A, Muroya T, Kuwagata Y. Takotsubo 
cardiomyopathy in the intensive care unit. Acute Med 
Surg. 2019;6(2):152–7. 

547



23. Park J-H, Kang S-J, Song J-K, et al. Left Ventricular 
Apical Ballooning Due to Severe Physical Stress in Patients 
Admitted to the Medical ICU. Chest. 2005;128(1):296–302.

24. Rowell AC, Stedman WG, Janin PF, et al. Silent left 
ventricular apical ballooning and Takotsubo cardiomyo-
pathy in an Australian intensive care unit. ESC Heart Fai-
lure. 2019;6(6):1262–65. 

25. Oras J, Lundgren J, Redfors B, et al. Takotsubo synd-
rome in hemodynamically unstable patients admitted to 
the intensive care unit - a retrospective study. Acta Ana-
esthesiol Scand. 2017;61(8):914–24. 

26. Salah HM, Mehta JL. Takotsubo cardiomyopathy 
and COVID-19 infection. European Heart Journal - 
Cardiovascular Imaging. 2020;21(11):1299–300. 

27. Shah RM, Shah M, Shah S, et al. Takotsubo Syndrome 
and COVID-19: Associations and Implications. Current 
Problems in Cardiology. 2021;46(3):100763. 

28. Dweck MR, Bularga A, Hahn RT, et al. Global evaluation 
of echocardiography in patients with COVID-19. European 
Heart Journal - Cardiovascular Imaging. 2020;21(9):949–
58. 

29. Giustino G, Croft LB, Oates CP, et al. Takotsubo 
Cardiomyopathy in COVID-19. Journal of the American 
College of Cardiology. 2020;76(5):628–9. 

30. Bathina J, Weiss S, Weintraub WS. Understanding the 
pathophysiology of apical ballooning syndrome: a step 
closer. Expert Rev Cardiovasc Ther. 2015;13(1):5–8. 

31. Komamura K, Fukui M, Iwasaku T, et al. Takotsubo 
cardiomyopathy: Pathophysiology, diagnosis and treat-
ment. World J Cardiol. 2014;6(7):602–9. 

32.  Tsuchihashi K, Ueshima K, Uchida T, et al. Transient 
left ventricular apical ballooning without coronary 
artery stenosis: a novel heart syndrome mimicking 
acute myocardial infarction. Angina Pectoris-Myocardial 
Infarction Investigations in Japan. J Am Coll Cardiol. 
2001;38(1):11–8. 

33.  Lyon AR, Rees PSC, Prasad S, et al. Stress (Takotsubo) 
cardiomyopathy--a novel pathophysiological hypothesis 
to explain catecholamine-induced acute myocardial 
stunning. Nat Clin Pract Cardiovasc Med. 2008;5(1):22–9. 

34. Abe Y, Kondo M, Matsuoka R, et al. Assessment 
of clinical features in transient left ventricular apical 
ballooning. J Am Coll Cardiol. 2003;41(5):737–42. 

35. Abe Y, Kondo M. Apical ballooning of the left ventricle: 
a distinct entity? Heart. 2003;89(9):974–6. 

36. Akashi YJ, Nakazawa K, Sakakibara M, et al. 123I-MIBG 
myocardial scintigraphy in patients with ‘takotsubo’ 
cardiomyopathy. J Nucl Med. 2004;45(7):1121–7. 

37. Wittstein IS, Thiemann DR, Lima JAC, et al. 
Neurohumoral features of myocardial stunning due to 
sudden emotional stress. N Engl J Med. 2005;352(6):539–
48. 

38. Abraham J, Mudd JO, Kapur NK, et al. Stress 
cardiomyopathy after intravenous administration of 
catecholamines and beta-receptor agonists. J Am Coll 
Cardiol. 2009;53(15):1320–25. 

39. Marcovitz PA, Czako P, Rosenblatt S, et al. Pheochro-
mocytoma presenting with Takotsubo syndrome. J Interv 
Cardiol. 2010;23(5):437–42. 

40. Vitale C, Rosano GMC, Kaski JC. Role of Coronary 
Microvascular Dysfunction in Takotsubo Cardiomyopathy. 
Circ J. 2016;80(2):299–305. 

41. Camici PG, Crea F. Microvascular angina: a women’s 
affair? Circ Cardiovasc Imaging. 2015;8(4):e003252.

42. Vitale C, Mendelsohn ME, Rosano GMC. Gender 
differences in the cardiovascular effect of sex hormones. 
Nat Rev Cardiol. 2009;6(8):532–42. 

43. Kaski JC. Cardiac syndrome X in women: the role of 
oestrogen deficiency. Heart. 2006;92(3):5–9. 

44. Ueyama T, Ishikura F, Matsuda A, et al. Chronic est-
rogen supplementation following ovariectomy improves 
the emotional stress-induced cardiovascular responses 
by indirect action on the nervous system and by direct 
action on the heart. Circ J. 2007;71(4):565–73. 

45. Kurisu S, Inoue I, Kawagoe T, et al. Prevalence 
of incidental coronary artery disease in tako-tsubo 
cardiomyopathy. Coron Artery Dis. 2009;20(3):214–8. 

46. Bybee KA, Prasad A, Barsness GW, et al. Clinical cha-
racteristics and thrombolysis in myocardial infarction fra-
me counts in women with transient left ventricular apical 
ballooning syndrome. Am J Cardiol. 2004;94(3):343–6. 

47. Akashi YJ, Nakazawa K, Sakakibara M, et al. The 
clinical features of takotsubo cardiomyopathy. QJM. 
2003;96(8):563–73. 

48. Ono R, Falcão LM. Takotsubo cardiomyopathy sys-
tematic review: Pathophysiologic process, clinical 
presentation and diagnostic approach to Takotsubo 
cardiomyopathy. International Journal of Cardiology. 
2016;209:196–205. 

49. Sharkey SW, Lesser JR, Zenovich AG, et al. Acute and 
reversible cardiomyopathy provoked by stress in women 
from the United States. Circulation. 2005;111(4):472–9. 

50. Templin C, Ghadri JR, Diekmann J, et al. Clinical Features 
and Outcomes of Takotsubo (Stress) Cardiomyopathy. 
NEJM. 2015;373(10):929-38. 

51. Bybee KA, Kara T, Prasad A, et al. Systematic Review: 
Transient Left Ventricular Apical Ballooning: A Syndrome 
That Mimics ST-Segment Elevation Myocardial Infarction. 
Ann Intern Med. 2004;141(11):858–65. 

52. Gianni M, Dentali F, Grandi AM, et al. Apical ballooning 
syndrome or takotsubo cardiomyopathy: a systematic 
review. Eur Heart J. 2006;27(13):1523–9. 

548



53. Kurisu S, Kihara Y. Tako-tsubo cardiomyopathy: 
Clinical presentation and underlying mechanism. Journal 
of Cardiology. 2012;60(6):429–37. 

54. Yamasa T, Ikeda S, Ninomiya A, et al. Characteristic 
clinical findings of reversible left ventricular dysfunction. 
Intern Med. 2002;41(10):789–92. 

55. Elesber AA, Prasad A, Bybee KA, et al. Transient cardiac 
apical ballooning syndrome: prevalence and clinical 
implications of right ventricular involvement. J Am Coll 
Cardiol. 2006;47(5):1082–3. 

56.  Haghi D, Fluechter S, Suselbeck T, et al. Takotsubo 
Cardiomyopathy (Acute Left Ventricular Apical Ballooning 
Syndrome) Occurring in the Intensive Care Unit. Intensive 
Care Med. 2006;32(7):1069–74. 

57. Gomez JMD, Nair G, Nanavaty P, et al. COVID-19-
associated takotsubo cardiomyopathy. BMJ Case Rep. 
2020;13(12):e236811. 

58. Madias C, Fitzgibbons TP, Alsheikh-Ali AA, et al. 
Acquired long QT syndrome from stress cardiomyopathy 
is associated with ventricular arrhythmias and torsades 
de pointes. Heart Rhythm. 2011;8(4):555–61.

59. Nguyen TH, Neil CJ, Sverdlov AL, et al. N-Terminal 
Pro-Brain Natriuretic Protein Levels in Takotsubo Car-
diomyopathy. The American Journal of Cardiology. 
2011;108(9):1316–21. 

60. Conte J, Yoo MJ, Larson NP. Seizure-Associated Tako-
tsubo Cardiomyopathy. Cureus. 2020 Sep 22; [accessed 
17 Mar 2021] Available from: https://www.cureus.com/
articles/38176-seizure-associated-takotsubo-cardiomyo-
pathy.

61. Rodríguez M, Rzechorzek W, Herzog E, et al. 
Misconceptions and Facts About Takotsubo Syndrome. 
The American Journal of Medicine. 2019;132(1):25–31. 

62. Finsterer J, Bersano A. Seizure-triggered Takotsubo 
syndrome rarely causes SUDEP. Seizure. 2015;31:84–7. 

63. Madhavan M, Prasad A. Proposed Mayo Clinic criteria 
for the diagnosis of Tako-Tsubo cardiomyopathy and 
long-term prognosis. Herz. 2010;35(4):240–4. 

64. Redfors B, Shao Y, Lyon AR, et al. Diagnostic criteria for 
takotsubo syndrome: A call for consensus. International 
Journal of Cardiology. 2014;176(1):274–6. 

65. Parodi G, Citro R, Bellandi B, et al. Revised clinical 
diagnostic criteria for Tako-tsubo syndrome: The Tako-
tsubo Italian Network proposal. International Journal of 
Cardiology. 2014;172(1):282–3. 

66. Eitel I, von Knobelsdorff-Brenkenhoff F, Bernhardt P, 
et al. Clinical characteristics and cardiovascular magnetic 
resonance findings in stress (takotsubo) cardiomyopathy. 
JAMA. 2011;306(3):277–86. 

67. Kato K, Lyon AR, Ghadri J-R, et al. Takotsubo 
syndrome: aetiology, presentation and treatment. Heart. 
2017;103(18):1461–9. 

68. Amin HZ, Amin LZ, Pradipta A. Takotsubo Cardiomyo-
pathy: A Brief Review. J Med Life. 2020;13(1):3–7. 

69. Citro R, Rigo F, D’Andrea A, et al. Echocardiographic 
Correlates of Acute Heart Failure, Cardiogenic Shock, and 
In-Hospital Mortality in Tako-Tsubo Cardiomyopathy. 
JACC: Cardiovascular Imaging. 2014;7(2):119–29. 

70. Medina de Chazal H, Del Buono MG, Keyser-Marcus 
L, et al. Stress Cardiomyopathy Diagnosis and Treatment: 
JACC State-of-the-Art Review. Journal of the American 
College of Cardiology. 2018;72(16):1955–71. 

71. Milinis K, Fisher M. Takotsubo cardiomyopathy: 
pathophysiology and treatment. Postgraduate Medical 
Journal. 2012;88(1043):530–8. 

72. Yoshioka T, Hashimoto A, Tsuchihashi K, et al. 
Clinical implications of midventricular obstruction and 
intravenous propranolol use in transient left ventricular 
apical ballooning (Tako-tsubo cardiomyopathy). Am 
Heart J. 2008;155(3):526.e1-7. 

73. De Santis V, Vitale D, Tritapepe L, et al. Use of 
levosimendan for cardiogenic shock in a patient with 
the apical ballooning syndrome. Ann Intern Med. 
2008;149(5):365–7. 

74. Intractable cardiogenic shock in stress cardiomyopathy 
with left ventricular outflow tract obstruction: is extra‐
corporeal life support the best treatment? - Bonacchi - 
European Journal of Heart Failure - Wiley Online Library 
(2009). Available from: https://onlinelibrary.wiley.com/
doi/full/10.1093/eurjhf/hfp068 (accessed 31 Jan 2021).

75.  Isogai T, Matsui H, Tanaka H, et al. Early β-blocker 
use and in-hospital mortality in patients with Takotsubo 
cardiomyopathy. Heart. 2016;102(13):1029–35. 

76. Kurisu S, Inoue I, Kawagoe T, et al. Incidence and tre-
atment of left ventricular apical thrombosis in Tako-tsu-
bo cardiomyopathy. International Journal of Cardiology. 
2011;146(3):e58–60. 

77. Bietry R, Reyentovich A, Katz S. Clinical Management 
of Takotsubo Cardiomyopathy. Heart failure clinics. 
2013;9:177–86. 

78. Kurisu S, Kihara Y. Clinical management of takotsubo 
cardiomyopathy. Circ J. 2014;78(7):1559–66. 

79. Santoro F, Ieva R, Musaico F, et al. Lack of efficacy of 
drug therapy in preventing takotsubo cardiomyopathy 
recurrence: a meta-analysis. Clin Cardiol. 2014;37(7):434–
9. 

80. Singh K, Carson K, Usmani Z, et al. Systematic 
review and meta-analysis of incidence and correlates of 
recurrence of takotsubo cardiomyopathy. Int J Cardiol. 
2014;174(3):696–701. 

549


