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Takotsubo syndrome (TTS) is a transient dysfunction of the left and/or right ventricle, without the presence of ruptured
atherosclerotic plaque, thrombus, dissection of the artery or other condition, which may cause the aforementioned
symptoms. The term “tako-tsubo” was first used by Sato et al in 1990 because of the similarities between LV morphologic
features and the shape of a ceramic fishing pot used since ancient times in Japan for trapping octopi.

Keywords: tatotsubo syndrome ; pathophysiology ; stress’ heart-brain axis

| 1. Introduction

Takotsubo syndrome (TTS) is a transient dysfunction of the left and/or right ventricle, without the presence of ruptured
atherosclerotic plaque, thrombus, dissection of the artery or other condition, which may cause the aforementioned
symptoms. The term “tako-tsubo” was first used by Sato et al in 1990 because of the similarities between LV morphologic
features and the shape of a ceramic fishing pot used since ancient times in Japan for trapping octopi .

| 2. Clinical Findings

One of the characteristic features of TTS is its association with stress factors triggering the onset of the disease.
According to the InterTAK classification, TTS may be classified into three groups based on the type of triggering factor:
associated to emotional trigger, physical trigger or with no evident trigger ( Table 1) 2. One should notice that in many
cases we see a co-occurrence of both emotional and physical triggers. In approximately 1/3 of patients the trigger cannot
be identified &. Emotional factors are comprised of multiple, different traumatic experiences, such as mourning,
interpersonal conflicts, fear, panic, anxiety, and disappointment. Natural disasters, such as earthquakes or floods, also
predispose one to TTS development BI4IE! The aforementioned negative emotions that are the reason of TTS gave rise
to the name ‘broken heart syndrome’ (. Emotional stress may lead to the overstimulation of the SNS and/or to a reduction
of parasympathetic nervous system activity. This could result in life-threating arrhythmias, TTS, or even sudden cardiac
death . Although, emotions, which are direct triggers of TTS, do not need to be negative. In literature we can find a
range of case reports where TTS was associated to strong positive experiences. Sometimes these cases were described
as ‘happy heart syndrome’ . Positive emotions modulate the autonomic response, including heart rate and blood
pressure, in a similar manner as the negative ones &,

Table 1. InterTAK Classification &,

InterTAK Classification

Class I: Takotsubo syndrome related to emotional stress

Class II: Takotsubo syndrome related to physical stress

Class lla: Takotsubo syndrome secondary to physical activities, medical conditions, or procedures
Class lIb: Takotsubo syndrome secondary to neurologic disorders

Class Ill: Takotsubo syndrome without an identifiable triggering factor

ST-segment elevation is mainly observed in leads V3-V6 [12]. Although, in comparison to patients with ST-segment
elevation myocardial infarction (STEMI), the amplitude of the ST-segment elevation is usually lower and is observed in
fewer leads [13,14]. An index proposed by the Japanese team (amplitude of the ST-segment elevation in leads V3-V6 in
the ratio to amplitude of the ST-segment elevation in leads V1-V3) is higher in patients diagnosed with TTS and shows
100% specificity and 91% sensitivity in detecting TTS [12]. The least characteristic for TTS is ST-segment elevation in V1,
which is definitely more common in patients with anterior wall STEMI [15,16,17].

ST-segment depressions are usually observed within 24-72 h after presentation of the symptoms. In the European TTS
Registry, ST-segment depression was observed more rarely in patients diagnosed with TTS, when compared to
individuals with acute coronary syndrome (ACS) &, and more frequently in male patients 9.



Right ventricle dysfunction is observed in approximately 30% of patients with TTS 14, |t should be emphasized that due to
hyperkinesis of the right ventricle inflow tract, standard parameters used for right ventricle function assessment, such as
tricuspid annular plane systolic excursion (TAPSE) and Doppler tissue imaging-derived tricuspid annular systolic velocity
(TDIs’), may not be useful. In patients with biventricular TTS right ventricle contractile disturbances mirror these observed
in the left ventricle (akinesia of right ventricle outflow tract, with hyperkinesia of inflow tract) ( Figure 1 ). The
aforementioned disturbances are contrary to the McConnell sign (hyperkinesia of right ventricle outflow tract, with akinesia
of the inflow tract), which is stated in patients with pulmonary embolism, so some researchers use the term ‘reverse
McConnell sign’ 221,

Figure 1. Echocardiography in a patient with right ventricle dysfunction (Authors’ own material). (A) 2D echocardiography,
right ventricle view. (B) 3D echocardiography, right ventricle model. The arrows show the region of contractility
disturbance.

| 3. Pathophysiology

It is characteristic that approximately 90% of patients are elderly, post-menopausal women 13, Multiple experimental, as
well as clinical studies, propound the function of female sex hormones as crucial in TTS pathophysiology. It seems that a
decrease in estrogens levesl is critical. Currently, in literature we can find few clinical studies evaluating the concentration
of sex hormones in patients with TTS. Additionally, their results remain inconclusive.

Brenner et al. proved that estrogen concentrations at admission were significantly higher in post-menopausal women
diagnosed with TTS, when compared to patients with myocardial infarction (MI) and the control group (subjects without
lesions in coronary arteries). They did not observe significant differences in progesterone, luteinizing hormone, or
gametokinetic hormone concentrations between groups. Furthermore, in a 6 year follow-up among patients diagnosed
with TTS, they noticed significantly lower estradiol concentrations when compared to concentrations at admission, and
lower progesterone levels in comparison to groups with M1 or the control group 4. On the other hand, Méller et al. did not
show significant differences in estrone, estradiol, testosterone or androstenedione concentrations between patients with
TTS and individuals with MI 3] Pizzino et al. observed that specific polymorphisms of estrogen receptors are associated
to TTS diagnosis in post-menopausal Caucasian women 18l Studies showed that hormone replacement therapy in post-
menopausal women improves the endothelium-derived blood vessels’ expansion and increases myocardial perfusion 14,
On top of that both, clinical and experimental studies suggest significant influence of estrogens’ deficit on elevated SNS
activity, which seems to play a key role in TTS pathogenesis.

Furthermore, they evaluated the Index of Microcirculation Resistance (IMR), and IMR 90 U indicated microcirculation
dysfunction in patients with TTS (the normal range of IMR is <20-30 U). Additionally, the authors assessed the TIMI frame
count (TFC; number of frames needed to move contrast from the ostium to the distal part of the vessel). Based on this
study they proved that there are microcirculation disturbances in TTS patients when compared to a healthy population.
Moreover, they suggest that a TFC > 20 differentiates TTS patients from healthy individuals. The dysfunction of
microcirculation had diffused character in both TTS, as well as in microvascular angina, but it was more pronounced in
microvascular angina. Unfortunately, it remains unknown whether microcirculatory dysfunction in TTS is the cause, or
rather the consequence, of the disease 18],

In literature we can find only a few studies suggesting that endothelium dysfunction, expressed as an imbalance between
vasoconstricting and vasodilating factors, may play an important role in TTS pathogenesis 2. In the course of a TTS
patient's hospitalization researchers showed a significant increase of flow-mediated vasodilatation (FMD). The negative
correlation between the FMD value and Tnl concentrations at admission and the length of the hospitalization was also
described 29, A sudden decrease in FMD values at admission may probably be associated to a high concentration of



circulating catecholamines, which impair endothelium function, contract vascular smooth muscles, and decrease their
sensitivity to vasodilatory mediators, whereas an increase of FMD values at discharge may be caused by a gradual
decrease of catecholamines concentration in the blood.

| 4. Low-Grade Inflammatory Process

Suzuki et al. measured the regional blood flow in the brains of a small group of patients in the acute phase of TTS. They
showed a significant increase of blood flow in the hippocampus, brain trunk and basal ganglia, simultaneously with a
decreased blood flow in the prefrontal area 21,

Based on the magnetic resonance imaging (MRI) of the head in patients with a TTS history and the control group
consisting of age-matched, healthy individuals, Templin et al. evaluated differences in the brain regions responsible for
SNS activity, regions responsible for emotions, and limbic and autonomic systems integration. Analysis of the structural
brain connectivity confirmed a reduction of connections in the limbic system 2. Furthermore, the analysis of connections
specific for autonomic systems showed their reduction in patients diagnosed with TTS in the region of the left amygdala,
both hippocampi, left parahippocampal gyrus, left superior temporal pole, and right putamen. The voxel-wise
morphometry showed a reduced gray-matter volume in TTS in the left amygdala, right amygdala and at the right
amygdala/hippocampus border 231, Anatomical differences in the limbic system structure may be crucial for less effective
control of the emotions, cognitive functions, and autonomic nervous system.

The aforementioned theory could be directly confirmed with the fact that cingulate gyrus is one of the structures, whose
dysfunction may be responsible for the development of depression and mood disorders, whose cooccurrence is common
among patients with TTS as well 24, Takotsubo syndrome occurrence could be secondary to conditions with co-existing
increases of SNS activity (e.g., pheochromocytoma, paraganglioma, subarachnoid hemorrhage, stroke, epileptic seizure,
migraine, and postural orthostatic tachycardia syndrome). Takotsubo syndrome could develop under other circumstances
associated with the increase in sympathetic activity, such as drug or alcohol withdrawal syndrome, during
electroconvulsive therapy, or after cocaine abuse. It is quite interesting that diabetes prevalence is significantly lower in
the group of patients diagnosed with TTS, when compared to the general population. It was suggested that peripheral
diabetic autonomic neuropathy may reduce the number of TTS cases throughout, decreasing the effect of adrenergic
heart overstimulation.

In noninvasive tests of SNS activity, the authors proved that during the Valsalva manoeuvre, static handgrip exercises or
tilt tests, the change in pulse pressure (difference between systolic and diastolic pressure values) was lower in patients
with TTS, when compared to the control group (consisting of healthy, age-matched women). Pulse pressure depends on
stoke volume and peripheral resistance. The aforementioned study’s results could be considered important, because
thanks to these noninvasive tests, we may indirectly assess autonomic system function, so by extension, recreate
common real-life situations. An impaired pressor response may be caused by heart weakness in pumping function caused
by an inadequate autonomic system reaction to stress 23],

References

1. Sato, H. Takotsubo-type cardiomyopathy due to multivessel spasm. In Clinical Aspect of Myocardial Injury: From
Ischemia to Heart Failure; Kagakuhyouronsya: Tokyo, Japan, 1990; pp. 56—64.

2. Ghadri, J.R.; Wittstein, I.S.; Prasad, A.; Sharkey, S.; Dote, K.; Akashi, Y.J.; Cammann, V.L.; Crea, F.; Galiuto, L.;
Desmet, W. International Expert Consensus Document on Takotsubo Syndrome (Part 1): Clinical Characteristics,
Diagnostic Criteria, and Pathophysiology. Eur. Heart J. 2018, 39, 2032-2046.

3. Tagawa, M.; Nakamura, Y.; Ishiguro, M.; Satoh, K.; Chinushi, M.; Kodama, M.; Aizawaet, Y. Transient left ventricular
apical ballooning developing after the Central Niigata Prefecture Earthquake: Two case reports. J. Cardiol. 2006, 48,
153-158.

4. Chan, C.; Elliott, J.; Troughton, R.; Frampton, C.; Smyth, D.; Crozier, I.; Bridgman, P. Acute myocardial infarction and
stress cardiomyopathy following the Christchurch earthquakes. PLoS ONE 2013, 8, e68504.

5. Butterly, S.J.; Indrajith, M.; Garrahy, P.; Ng, A.C.T.; Gould, P.A.; Wang, W.Y.S. Stress- induced takotsubo
cardiomyopathy in survivors of the 2011 Queensland floods. Med. J. Aust. 2013, 198, 109-110.

6. Brandspiegel, H.Z.; Marinchak, R.A.; Rials, S.J.; Kowey, P.R. A broken heart. Circulation 1998, 98, 1349.

7. Ghadri, J.R.; Sarcon, A.; Diekmann, J.; Bataiosu, D.R.; Cammann, V.L.; Jurisic, S.; Napp, L.C.; Jaguszewski, M.;
Scherff, F.; Brugger, P. InterTAK Co-investigators. Happy heart syndrome: Role of positive emotional stress in



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

takotsubo syndrome. Eur. Heart J. 2016, 37, 2823-2829.

. McCraty, R.; Atkinson, M.; Tiller, W.A.; Rein, G.; Watkins, A.D. The effects of emotions on short-term power spectrum

analysis of heart rate variability. Am. J. Cardiol. 1995, 76, 1089-1093.

. Ogura, R.; Hiasa, Y.; Takahashi, T.; Yamaguchi, K.; Fujiwara, K.; Ohara, Y.; Nada, T.; Ogata, T.; Kusunoki, K.; Yuba, K.

Specific findings of the standard 12-lead ECG in patients with takotsubo cardiomyopathy: Comparison with the findings
of acute anterior myocardial infarction. Circ. J. 2003, 67, 687—690.

Guerra, F.; Rapaj, E.; Pongetti, G.; Fabbrizioli, A.; Pelizzoni, V.; Giannini, |.; Aschieri, D.; Costantini, C.; Capucciet, A.
Differences and similarities of repolarization patterns during hospitalization for Takotsubo cardiomyopathy and acute
coronary syndrome. Am. J. Cardiol. 2013, 112, 1720-1724.

Bybee, K.A.; Motiei, A.; Syed, |.S.; Kara, T.; Prasad, A.; Lennon, R.J.; Murphy, J.G.; Hammill, S.C.; Rihal, C.S.; Wright,
R.S. Electrocardiography cannot reliably differentiate transient left ventricular apical ballooning syndrome from anterior
ST-segment elevation myocardial infarction. J. Electrocardiol. 2007, 40, 38.e1-38.e6.

Tamura, A.; Watanabe, T.; Ishihara, M.; Ando, S.; Naono, S.; Zaizen, H.; Abe, Y.; Yano, S.; Shinozaki, K.; Kotoku, M. A
New Electrocardiographic Criterion to Differentiate Between Takotsubo Cardiomyopathy and Anterior Wall ST-Segment
Elevation Acute Myocardial Infarction. Am. J. Cardiol. 2011, 108, 630-633.

Jim, M.H.; Chan, A.O.; Tsui, P.T.; Lau, S.T.; Siu, C.W.; Chow, W.H.; Lau, C.P. A new ECG criterion to identify takotsubo
cardiomyopathy from anterior myocardial infarction: Role of inferior leads. Heart Vessel. 2009, 24, 124-130.

Parkkonen, O.; Allonen, J.; Vaara, S.; Viitasalo, M.; Nieminen, M.S.; Sinisalo, J. Differences in ST-elevation and T-wave
amplitudes do not reliably differentiate takotsubo cardiomyopathy from acute anterior myocardial infarction. J.
Electrocardiol. 2014, 47, 692—699.

Templin, C.; Ghadri, J.R.; Diekmann, J.; Napp, L.C.; Bataiosu, D.R.; Jaguszewski, M.; Cammann, V.L.; Sarcon, A.;
Geyer, V.; Neumann, C.A.; et al. Clinical Features and Outcomes of Takotsubo (Stress) Cardiomyopathy. N. Engl. J.
Med. 2015, 373, 929-938.

Budnik, M.; Nowak, R.; Fijatkowski, M.; Kochanowski, J.; Nargietto, E.; Pigtkowski, R.; Peller, M.; Kucharz, J.;
Jaguszewski, M.; Gruchata, M. Sex-dependent differences in clinical characteristics and in-hospital outcomes in
patients with takotsubo syndrome. Pol. Arch. Intern. Med. 2020, 130, 25-30.

Haghi, D.; Athanasiadis, A.; Papavassiliu, T.; Suselbeck, T.; Fluechter, S.; Mahrholdt, H.; Borggrefe, M.; Sechtem, U.
Right ventricular involvement in Takotsubo cardiomyopathy. Eur. Heart. J. 2006, 27, 2433-2439.

Liu, K.; Carhart, R. “Reverse McConnell's sign?”: A unique right ventricular feature of Takotsubo cardiomyopathy. Am.
J. Cardiol. 2013, 111, 1232-1235.

Lyon, A.R.; Bossone, E.; Schneider, B.; Sechtem, U.; Citro, R.; Underwood, S.R.; Sheppard, M.N.; Figtree, G.A;;
Parodi, G.; Akashi, Y.J.; et al. Current state of knowledge on Takotsubo syndrome: A Position Statement from the
Taskforce on Takotsubo Syndrome of the Heart Failure Association of the European Society of Cardiology. Eur. J. Heart
Fail. 2016, 18, 8-27.

Paur, H.; Wright, P.T.; Sikkel, M.; Tranter, M.H.; Mansfield, C.; O'Gara, P.; Stuckey, D.J.; Nikolaev, V.O.; Diakonov, |.;
Pannell, L. High level of circulating epinephrine trigger apical cardiodepression in a f2-adrenergic receptor/Gi
dependent manner: A new model of Takotsubo cardiomyopathy. Circulation 2012, 126, 697—706.

Modller, C.; Stiermaier, T.; Brabant, G.; Graf, T.; Thiele, H. Comprehensive assessment of sex hormones in Takotsubo
syndrome. Int. J. Cardiol. 2018, 250, 11-15.

Pizzino, G.; Bitto, A.; Crea, P.; Khandheria, B.; Vriz, O.; Carerj, S.; Squadrito, F.; Minisini, R.; Citro, R.; Cusma-Piccione,
M.; et al. Takotsubo syndrome and estrogen receptor genes: Partners in crime? J. Cardiovasc. Med. 2017, 18, 268—
276.

Emre, A.; Sahin, S.; Erzik, C.; Nurkalem, Z.; Oz, D.; Cirakoglu, B.; Yesilcimen, K.; Erseket, B. Effect of Hormone
Replacement Therapy on Plasma Lipoproteins and Apolipoproteins, Endothelial Function and Myocardial Perfusion in
Postmenopausal Women with Estrogen Receptor-a IVS1-397 C/C Genotype and Established Coronary Artery
Disease. Cardiology 2006, 106, 44-50.

Akashi, Y.; Lyon, A. Microcirculatory dysfunction and autonomic disturbance in Takotsubo syndrome. Nat. Rev. Cardiol.
2015, 12, 497.

Naegele, M.; Flammer, A.; Enseleit, F.; Enseleit, F.; Roas, S.; Frank, M.; Hirt, A.; Kaiser, P.; Cantatore, S.; Templin, C.;
et al. Endothelial function and sympathetic nervous system activity in patients with Takotsubo syndrome. Int. J. Cardiol.
2016, 224, 226-230.

Carbonara, R.; Giardinelli, F.; Pepe, M.; Luzzi, G.; Panettieri, |.; Vulpis, V.; Bortone, A.S.; Ciccone, M.M. Correlation
between endothelial dysfunction and myocardial damage in acute phase of Tako-Tsubo cardiomyopathy: Brachial flow



mediated dilation as a potential marker for assessment of patient with Tako-Tsubo. Heart Vessel. 2018, 33, 291-298.

27. Suzuki, H.; Matsumoto, Y.; Kaneta, T.; Sugimura, K.; Takahashi, J.; Fukumoto, Y.; Talkahashi, S.; Shimokawa, H.
Evidence for brain activation in patients with Takotsubo cardiomyopathy. Circ. J. 2014, 78, 256—258.

28. Templin, C.; Hanggi, J.; Klein, C.; Topka, M.S.; Hiestand, T.; Levinson, R.A; Jurisic, S.; Lischer, T.F.; Ghadri, J.-R;
Jancke, L. Altered limbic and autonomic processing supports brain-heart axis in Takotsubo syndrome. Eur. Heart J.
2019, 40, 1183-1187.

29. Hiestand, T.; Hanggi, J.; Klein, C.; Topka, M.S.; Jaguszewski, M.; Ghadri, J.R.; Lischer, T.F.; Jancke, L.; Templin, C.
Takotsubo syndrome associated with structural brain alterations of the limbic system. Am. Coll. Cardiol. 2018, 71, 809—
811.

30. Drevets, W.C.; Savitz, J.; Trimble, M. The subgenual anterior cingulate cortex in mood disorders. CNS Spectr. 2008,
13, 663-681.

31. Stepniewska, A.; Budnik, M.; Krzeminski, K.; Niewiadomski, W.; Gasiorowska, A.; Opolski, G.; Kochanowski, J.;
Mieczkowska, K.; Zukowska, K.; Szepietowska, K.; et al. Impaired hemodynamic response to tilt, handgrip and
Valsalva manoeuvre in patients with takotsubo syndrome. Auton. Neurosci. 2019, 220, 102555.

Retrieved from https://encyclopedia.pub/entry/history/show/32706



