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Deleterious effects of catecholamine
administration in acute heart failure caused
by unrecognized Takotsubo
cardiomyopathy
Michael Dandel1,2* and Roland Hetzer2,3

Abstract

The potential life-threatening consequences of catecholamine use for emergency circulatory support in Takotsubo
cardiomyopathy-related acute heart failure is a major challenge in cardiovascular emergences. In their recent work
in BMC Cardiovascular Disorders Ansari U. et al. demonstrated the harmful effects of catecholamines on the
outcome of patients with Takotsubo cardiomyopathy. Concerning this matter we emphasize the usefulness of
speckle-tracking-derived echocardiography for early recognition of an acute phase of a Takotsubo syndrome in
order to avoid the deleterious effects of a catecholamine therapy in patients with Takotsubo-associated acute heart
failure.
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Main text
We read with great interest the publication by Ansari U.
et al. [1], in which the authors report on the clinical out-
comes associated with catecholamine use in patients
with Takotsubo cardiomyopathy, also known as the
Takotsubo syndrome (TTS). The special value of this
large and comprehensive study is that it convincingly
demonstrated the harmful effects of catecholamine ther-
apy on the outcome of hemodynamically unstable pa-
tients with TTS.
Although the etiopathogenesis of TTS is still under de-

bate, the role of catecholamines appears central to the
pathophysiology of TTS. There is increasing evidence that
the reversible change in left ventricular (LV) shape (apical
ballooning) associated with potentially life-threatening LV
dysfunction, which characterize the acute phase of TTS
reflect an uncommon myocardial response to sympathetic

stimulation [2–4] Patients with TTS reveal abnormal cat-
echolamine dynamics during stress, as well as significant
differences in myocardial β-adrenoreceptor (β-AR) re-
gional distribution and sensitivity in comparison with
healthy controls [2, 3]. There are also studies which sug-
gest a genetic predisposition for altered catecholamine
susceptibility and β-adrenergic signalling in TTS [3].
Catecholamines are still the first-line therapeutics in

cardiogenic shock following acute myocardial infarction
(MI), but are absolutely contraindicated in TTS patients,
regardless of the severity of hemodynamic compromise.
The potentially life-threatening consequences of catechol-
amine use for emergency circulatory support if the under-
lying cause of acute LV dysfunction is unrecognized TTS
are therefore the main problem that can derive from diag-
nostic errors [2, 4, 5].
Clinically (including laboratory tests), electrocardio-

graphically, and even echocardiographically using only
conventional echocardiographic techniques, TTS-related
acute LV disorders closely mimic acute apical MI and
without coronary angiography data these two etiopatho-
genically different diseases are almost indistinguishable.
The only helpful conventional echocardiography signs
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which indicate that any sympathomimetic treatment can
be deleterious are the detection of mitral valve systolic
anterior movement (SAM) and high LV outflow tract
(LVOT) pressure gradients. However, even during acute
stress-induced LV dysfunction, LVOT obstruction because
of mitral valve SAM is not evident in all patients with TTS
[6]. On the other hand, in the majority of TTS-related
cases of life-threatening acute heart failure (HF), emergent
pharmacologic or even mechanical circulatory support is
necessary already before a coronary angiography becomes
possible. In such situations, speckle-tracking-derived echo-
cardiography (STE), which is currently largely available, can
be particularly beneficial to avoid diagnostic errors with
dangerous impact on therapeutic decision-making. The
advantages of STE are its ability to differentiate between
active and passive movement of ventricular wall segments,
and to detect deformation (i.e. contraction) in a visually
akinetic wall segment plus to evaluate components of myo-
cardial contractile function, such as longitudinal myocardial
shortening, that cannot be visually assessed. It was observed
that even in severe TTS-related acute LV dysfunction
with visually clearly akinitic apical anterior regions, the
two-dimensional longitudinal strain pattern usually in-
dicates myocardial viability in the visually akinetic wall
segments [4, 5]. In the acute phase of TTS, STE-derived
longitudinal strain recordings can show asynchrony and
dyssynergy in early systole, but in end systole, similar
regional longitudinal peak strain values with normal
end-systolic synchrony can be observed even in func-
tionally severely impaired ventricles [5]. In such cases,
the avoidance of catecholamines as well as the early use
of extracorporeal membrane oxygenation (ECMO) in
clinically highly unstable patients can be life saving. Ac-
cording to our experience, the initial use of a ventricu-
lar assist device should be avoided as far as possible
because few days of ECMO support in combination
with β-blocker therapy are usually sufficient to ensure
the recovery from TTS-related acute LV failure. STE
also indicates that the akinetic appearance and balloon-
ing of the LV apex might be not only a consequence of
more impaired myocardial contractility in this region.
Already before the routine use of STE it was postulated
that the apical hypokinesia in the acute phase TTS is
caused mainly by the high wall stress induced by high
levels of circulating catecholamines [7]. Indeed, during
catecholamine therapy of acute HF in a patient with
initially unrecognized TTS, along with the aggravation
of a catecholamine-induced dynamic LVOT obstruc-
tion, the systolic circumferential wall stress (σc) reached
up to 7 times higher value in the apex than in basal re-
gions [4]. Such an increase in apical σc can be high
enough to oppose circumferential myocardial fiber
shortening which mainly generates the visible inward
movement in this region and thus could explain the

visually akinetic appearance of the apical regions in
spite of the unequivocal prove of myocardial viability
provided by the longitudinal strain data [4, 5]. Such a
massive increase in apical wall stress could also explain
LV ruptures that can occur in the acute phase of TTS
[8]. All these insights regarding the diagnostic and
therapeutic particularities of TTS allow for two import-
ant conclusions to be drawn:

(1) Transthoracic echocardiography can be useful for
early distinction between TTS and acute apical MI
if attention is focused on regional myocardial
function using the advantages of strain imaging.

(2) In patients with life-threatening acute HF, before
coronary angiography becomes possible, echocardi-
ography including also STE can identify a highly
probable acute phase of TTS and in such patients, if
absolutely necessary, any administration of cathe-
cholamines should be continuously monitored by
echocardiography and immediately stopped if the
signs for TTS become more evident.

Abbreviations
ECMO: Extracorporeal membrane oxygenation; HF: Heart failure; LV: Left
ventricle; LVOT: Left ventricular outflow tract; MI: Myocardial infarction;
SAM: Systolic anterior movement; STE: Speckle-tracking-derived
echocardiography; TTS: Takotsubo syndrome; β-AR: β-adrenoreceptor;
σc: Circumferential wall stress

Authors’ contributions
MD wrote the manuscript, and RH was involved in critically reviewing the
manuscript and made appropriate corrections. Both authors approved the
final manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1German Centre for Heart and Circulatory Research (DZHK), Partner site
Berlin, Berlin, Germany. 2Deutsches Herzzentrum Berlin, Augustenburger Platz
1, 13353 Berlin, Germany. 3Cardio Centrum Berlin, Berlin, Germany.

Received: 30 April 2018 Accepted: 3 July 2018

References
1. Ansari U, El-Battrawy I, Fastner C, et al. Clinical outcomes associated with

catecholamine use in patients diagnosed with Takotsubo cardiomyopathy.
BMC Cardiovasc Disord. 2018;18(1):54.

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

3. Borchert T, Hübscher D, Guessoum CI, et al. Catecholamine-dependent
β-adrenergic signaling in a pluripotent stem cell model of
TakotsuboCardiomyopathy. J Am Coll Cardiol. 2017;70(8):975–91.

Dandel and Hetzer BMC Cardiovascular Disorders  (2018) 18:144 Page 2 of 3



4. Dandel M, Lehmkuhl HB, Schmidt G, et al. Striking observations during
emergency catecholamine treatment of cardiac syncope in a patient with
initially unrecognized Takotsubo cardiomyopathy. Circ J. 2009;73:1543–6.

5. Dandel M, Lehmkuhl H, Knosalla C, Hetzer R. Left ventricular wall motion
abnormality and myocardial dysfunction in stress cardiomyopathy: new
pathophysiological aspects suggested by echocardiography. Int J Cardiol.
2009;135(2):40–3.

6. Sharkey SW, Lesser JR, Zenovich AG, Maron MS, Lindberg J, Longe TF, et al.
Acute and reversible cardiomyopathy provoked by stress in women from
the United States. Circulation. 2005;111:472–9.

7. Merli E, Sutcliffe S, Gori M, Sutherland GG. Tako-Tsubo cardiomyopathy: new
insights into the possible underlying pathophysiology. Eur J Echocardiogr.
2006;7:53–61.

8. Akashi YJ, Tejima T, Sakurada H, Matsuda H, Suzuki K, Kawasaki K, et al. Left
ventricular rupture with Takotsubo cardiomyopathy. Mayo Clin Proc. 2004;
79:821–4.

Dandel and Hetzer BMC Cardiovascular Disorders  (2018) 18:144 Page 3 of 3


	Abstract
	Main text
	Abbreviations
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

