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ABSTRACT

In the recent years, there has been a burgeoning interest in Takotsubo
syndrome (TTS), which is renowned as a specific form of reversible
myocardial dysfunction. Despite the extensive literature available on
TTS, clinicians still face several practical challenges associated with the
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diagnosis and management of this phenomenon. This potentially results
in the underdiagnosis and improper management of TTS in clinical
practice. The present paper, the first part (part-1) of the consensus report,
aims to cover diagnostic and therapeutic challenges associated with TTS
along with certain recommendations to combat these challenges.
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1. INTRODUCTION

Since its first description over three decades ago," fundamental
concepts regarding the pathogenesis and clinical aspects of
takotsubo syndrome (TTS) have rapidly evolved.>®> The word
“takotsubo” refers to the Japanese word “octopus trap” based on
the characteristic shape of the left ventricle (LV) at end-systole
(Figure 1).° In the literature, there have been various alternative
names of this syndrome including “apical ballooning syndrome”,
“stress cardiomyopathy” and “broken heart syndrome”> TTS
has been a unique form of reversible cardiomyopathy usually
arising in response to sudden adrenergic discharge particularly
in post-menopausal women.>>7 In general, TTS constitutes 1-3%
of all cases with a suspected ST segment elevation myocardial
infarction (STEMI).> Interestingly, this phenomenon has been an
underdiagnosed cardiovascular condition possibly with an incidence
far higher than reported. Many emotional (wrath, grief, fear, etc)
and physical triggers (major surgery, severe illness, etc.) accounting
for sudden adrenergic discharge and consequent TTS evolution
have been described.?® Interestingly, TTS evolution due to positive
emotional triggers (namely “happy heart syndrome”) may also be
possible.? In the recent years, TTS has been increasingly reported in
male patients particularly following a physical trigger.

1.1. Pathogenesis

- Catecholamine toxicity and genetic predisposition

From a pathophysiologic perspective, myocardial stunning
involving the affected territories (usually arising in a circumferential
fashion with clear-cut borders, and hence; extending beyond the
territory of a single coronary artery) along with a hypercontraction
pattern in the residual segments has been regarded as the seminal

FIG. 1. Typical shape of “octopus trap” at end-systole on invasive

ventriculogram in a patient with apico-midventricular TTS.
TTS, Takotsubo syndrome.
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aspect of this phenomenon.?” The affected segments are usually
akinetic (or rarely hypokinetic), and usually recover within days to
a few months (usually around 3 months at the latest).” Myocardial
adrenoreceptors [beta 1 (B1) and B2] primarily account for positive
inotropy through stimulation of “Gs-adenyl cyclase-cyclic adenosine
monophosphate-protein kinase A’ pathway under physiological
conditions.?”® Based on current concepts, the potential mechanism
of TTS evolution primarily appears to be the intense stimulation of
B1adrenoreceptors (leading to myocytolysis, apoptosis and oxidative
stress) along with adrenaline-induced switch of B2 adrenoreceptors
to the inhibitory pathway (Gi) mostly at the apex (leading to
stunning and activation of anti-apoptotic pathways including
phosphoinositide 3-kinase/protein kinase B).2*® The apex has the
lowest density of sympathetic innervation along with a high density
of adrenoreceptors (particularly associated with a relatively limited
sequestration of B2 receptors due to lower density of sarcolemmal
caveolae).2*8 These features potentially render the apex particularly
vulnerable to the impact of circulating catecholamines (including
adrenaline) potentially leading to the characteristic TTS pattern
namely “apical ballooning” 238

However, evidence against the theory of adrenaline-induced
switch of B2 adrenoreceptors to the Gi also exists in the literature.
Accordingly, certain previous reports documented normal or mildly
elevated levels of circulating catecholamines or their metabolites in
the acute and subacute phase of TTS potentially challenging the role
of adrenaline in the evolution of apical ballooning.*" Furthermore,
atypical morphological variants (basal, midventricular, focal and
biventricular TTS) have also been reported in the clinical setting.>>’
These notions may suggest complex and poorly understood
mechanisms (beyond adrenaline-mediated switch of B2 receptors
at the apex) in TTS pathogenesis.>® Figure 2 demonstrates various
morphological patterns of TTS. In the context of adrenoreceptor-
mediated effects, disturbances in G protein coupled receptor
kinases (including GRK 2 and 5), abnormal calcium handling and
alterations in myofilament functions might also have important
pathogenetic implications,> and might also be associated with
individual variations in the evolution and severity of TTS episodes.
Notably, genetic polymorphisms involving the adrenergic pathway
might potentially lead to familial clustering of TTS.>'2" Accordingly,
genetic variants or mutations of certain genes including GRK5
and ADRB1, CACNG1 and PRKCA were previously reported to be
associated with TTS predisposition (and TTS complications).™

- Alternative theories

On the other hand, studies analysing the impact of alternative
factors (including coronary microvascular dysfunction, coronary
spasm and coronary thrombus formation) on TTS evolution seem to
be inconclusive.*® However, systemic inflammation (and myocardial
inflammation) might have potential implications in the evolution

Balkan Med J, Vol. 41, No. 6, 2024
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FIG. 2. Various morphological patterns of takotsubo syndrome (TTS) on invasive left ventriculogram in the right anterior oblique view during
diastole (D) and systole (S): (1) mid-apical pattern; (2) mid-ventricular pattern; (3) basal or mid-basal pattern (also termed inverted TTS); (4) focal
pattern (focal anterior); (5) mid-apical pattern with apical tip-sparing namely the nipple sign (white arrow).

and prognosis of TTS." Nitrosative stress due to peroxynitrite
formation has been regarded as the seminal trigger of myocardial
inflammation in TTS.% In this context, nitric oxide (NO) (generated via
B2 receptor coupled Gi stimulation) binds to oxidative substances
(generated via B1 receptor stimulation), and eventually leads to
substantial formation of peroxynitrite anion (ONOO-).2 However, the
issue of whether myocardial inflammation serves as a substantial
contributor or just an epiphenomenon in TTS evolution still needs
to be established.™ Notably, certain factors including estrogen
deficiency>*” and oxidative stress®' generally create a potential
mileu, and reduces the threshold for TTS evolution in response
to adrenergic discharge. Signs of metabolic shutdown (increased
cellular fat and glycogen content along with mitochondrial
abnormalities), contraction band necrosis and presence of pro-
inflammatory cells (initial neutrophils replaced by macrophages)
are generally evident on histopathological examination.>”

1.2. Clinical presentation

On admission, clinical presentation strongly simulates acute
coronary syndromes (ACSs) and/or acute heart failure (HF) (chest
pain, dyspnea, electrocardiographic (ECG) changes including ST
segment elevation, inverted T-waves, etc.) usually in the absence
of obstructive coronary anatomy on invasive coronary angiogram
(CAG).>” However, presence of co-existing stable coronary artery
disease (CAD) (or ACSs) has also been reported, and currently is not
regarded as an exclusion criterion for TTS diagnosis.?” Certain TTS

Balkan Med J, Vol. 41, No. 6, 2024

variants including basal TTS may be particularly associated with
life-threatening conditions including subarachnoid hemorrhage
and pheochromocytoma® that might present with rampant
findings potentially masking the cardiovascular manifestations
of the associated TTS episode. In agreement with ACS therapies,
management strategies of TTS have been mostly based on initiation
of B-blockers, renin-angiotensin system blockers and management
of complications.?”® Notably, prognosis of this syndrome may not
be so benign as was previously suggested.” Therefore, patients with
TTS may suffer a variety of complications including malignant
arrthythmias, mechanical complications, and even death
potentially suggesting proper risk-stratification and management
of these patients in the hospital setting.2¢78' The present paper
constitutes the first part of the consensus report. Its main focus is
to review potential diagnostic and therapeutic challenges in the
setting of TTS.

2. DIAGNOSTIC CHALLENGES IN THE SETTING OF TTS:
HOW TO ESTABLISH THE FINAL DIAGNOSIS

2.1. Challenging conditions in TTS diagnosis

Specificdiagnostic criteria for TTS diagnosis have been proposed in
previous reports.>'®23 In most of these earlier reports, the diagnosis
has been mostly based on the presence of reversible wall motion
abnormalities (WMAs) extending beyond the territory of a single
coronary artery (mostly apical ballooning), and a stressful trigger
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along with the absence of certain conditions including obstructive
CAD, neurological disorders, myocarditis and pheochromocytoma.
More recently, the interTAK diagnostic criteria suggested that
concomitant  conditions including pheochromocytoma and
obstructive CAD should not be regarded as exclusion criteria.®
Moreover, focal WMA within the territory of a single coronary artery
(focal TTS) may also be possible in contradistinction to the well-
recognized circumferential pattern.> Interestingly, a normal ECG or
lack of stressful triggers may not preclude the TTS diagnosis.> Since
patients with TTS mostly present with ACS signs and symptoms, the
initial imaging modality has been invasive CAG and ventriculogram
(with hemodynamic assessment) in most cases particularly in
those with ST segment elevation or hemodynamic instability.57132
However, those without an overt ST segment elevation has been
mostly treated as non-ST segment elevation myocardial infarction
(NSTEMI), and might initially undergo non-invasive modalities
including coronary computed tomography angiogram (CCTA).">? In
this context, CCTA, besides detailed evaluation of coronary arteries,
also enables evaluation of WMAs, potential complications including
apical thrombus formation, and myocardial tissue characterization
in certain instances (using myocardial late iodine enhancement).?
Therefore, CCTA may be initially preferred over invasive CAG in stable
patients without ST segment elevation and a higher likelihood of
TTS (including those with a high interTAK score or those likely to
present with a TTS recurrence).*” However, subsequent invasive
CAG may be necessary®™ for diagnostic confirmation and further
interventional strategies particularly in those with ACS signs on
CCTA (including thrombus formation, existing focal WMA within
the territory of an occluded coronary artery, etc.). TTS is one
of the most underdiagnosed conditions in clinical practice.*%
Accordingly, certain diagnostic challenges potentially associated
with underdiagnosis (and rarely overdiagnosis) of this phenomenon
might exist:

First, TTS may be masked by various clinical conditions. Notably,
TTS may not emerge as a primary phenomenon yet asa complication
that might arise secondary to certain physical triggers.2>2242
Accordingly, this form of TTS may be potentially masked due to
the rampant nature of the underlying condition (including acute
neurological disorders, sepsis, etc.).">**?> Therefore, clinicians should
regularly check biomarker levels, ECG changes, and when necessary,
perform cardiac imaging at regular intervals particularly in critically
ill patients at potential risk for TTS evolution as part of the diagnostic
work-up.#% On the other hand, a variety of pre-existing myocardial
conditions [for instance; hypertrophic cardiomyopathy (HCM) with
an apical aneurysm, etc.] might potentially conceal an emerging TTS
episode, and might also arise as a diagnostic challenge.?® However,
HCM and hypertensive heart disease may potentially serve as an
actual trigger of apical ballooning in certain cases.”?

425

Second, some TTS forms may be milder or completely silent in
terms of symptoms? including chest pain, dyspnea, etc. This may
prevent patients to seek medical care at the onset of their symptoms.
Therefore, a thorough cardiovascular examination and a high index
of suspicion for TTS diagnosis (particularly in risk groups with a vague
symptomatology admitted for another medical condition) seem to be
necessary for the prevention of TTS underdiagnosis in this context.?#%

Third, TTS may occasionally present with focal or extensive
(global LV or biventricular involvement) WMAs potentially creating
a diagnostic challenge as well.” A focal WMA pattern is more likely
to be associated with conditions including ACSs or myocardial
infarction with non-obstructive coronary arteries (MINOCA).?
Importantly, focal WMAs, regardless of the underlying condition,
might go undetected on basic imaging modalities (including
echocardiogram),?® and requires careful evaluation of all myocardial
segments from different views. Moreover, focal hypokinesis is
more likely to be underdiagnosed compared with focal akinesis
or dyskinesis. On the other hand, presence of extensive WMAs
mandates exclusion of alternative conditions including myocarditis,
pre-existing cardiomyopathy for TTS diagnosis. However, this mostly
requires close supervision of temporal changes in WMAs, and use
of advanced modalities including cardiac magnetic resonance
imaging (CMR) for the final diagnosis.™* Notably, certain conditions
including sepsis may be potentially complicated by a “global or
biventricular TTS” pattern that has a strong analogy to another
sepsis-related condition namely “septic cardiomyopathy”." These
conditions have diverse pathogenesis and present with diffuse
and transient myocardial dysfunction (though subtle myocardial
abnormalities may persist indefinitely in both conditions).™

Fourth, TTS may occasionally co-exist with stable obstructive
CAD or acute cardiac conditions including ACSs, MINOCA and
myocarditis.”?® Notably, despite the potential existence of vulnerable
atherosclerotic plaques on coronary imaging in certain patients
with TTS,? no causal association between TTS evolution and plaque
rupture has been documented so far3%*" On the other hand, the
presence of obstructive CAD or ACS signs on coronary imaging serves
as a diagnostic challenge in patients with TTS since most clinicians
in this setting generally make the final diagnosis of ACS without
further evaluation.?® However, coronary imaging may not uncover
whether obstructive CAD is just a bystander or an ACS trigger.
Moreover, even findings highly suggestive of ACS (plaque rupture,
thrombus formation, existing triggers of secondary ACS including
severe anemia etc.) may not entirely rule out a co-existing TTS.”
In other words, circumferential myocardial involvement (apical,
basal or midventricular) mostly together with a hypercontraction
pattern of the unaffected segments should primarily denote an
episode of TTS regardless of coronary anatomy in patients with an
ACS presentation.” Certain findings on ventriculogram including

Balkan Med J, Vol. 41, No. 6, 2024
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“nipple sign” (a specific sign denoting a preserved contractility
pattern at the tip of the apex in 30% of patients with an apical
ballooning pattern) and “hawk’s beak” appearance (due to the
vigorous contraction of the apex in midventricular TTS pattern)
might further support a classical TTS diagnosis.*™>* On the other
hand, focal WMAs within the territory of an obstructive CAD might
primarily signify an ACS. Conversely, focal WMAs particularly in
patients with high risk features for TTS evolution (including elderly
females and those with an overt stressful trigger) might denote
an existing focal TTS in the presence of normal or non-obstructive
coronary anatomy. However, alternative diagnoses including
MINOCA may also be possible in these patients.’?

Fifth, underdiagnosed emotional triggers may result in lower
diagnostic score values in patients with TTS. A low interTAK score®
(as described later) may occasionally prompt the clinicians to
overlook a potential TTS episode, though patients with an actual low
score may also suffer a TTS episode.> Notably, an undercalculated
score potentially creates a misguidance in the decision-making
for diagnostic tools (invasive CAG vs CCTA, cardiac MRI in those
with a focal WMA, etc.). Therefore, emotional triggers and their
psychological impact on the patient should be carefully explored.

Sixth, quick TTS recovery (even within hours) is a well known
phenomenon.® Rapid normalization of WMAs before cardiac
imaging may result in potential underdiagnosis of TTS,** and may
lead to alternative diagnoses including ACSs and MINOCA.2 MINOCA
has been a heterogenous form of ACS particularly in females
usually emerging due to specific conditions including coronary
vasospasm, spontaneous coronary artery dissection (SCAD),
coronary microvascular dysfunction and coronary embolism.2%3
As expected, focal WMAs in the setting of MINOCA most likely arise
within the territory of a single coronary artery.?*3 Notably, patients
with MINOCA mostly present with NSTEMI>* and hence may not
have significant WMAs (and may even present with a normal
LV contraction pattern). Therefore, quick recovery of TTS may
potentially mimic ACSs including MINOCA on cardiac imaging.?®

Finally, the converse scenario may also be likely, and certain
forms of MINOCA (particularly associated with a missed SCAD) may
also mimic TTS mostly presenting with a “pseudo-TTS” pattern.?® For
instance, a SCAD pattern involving a wrap-around LAD (also perfusing
the inferoposterior LV segments) may present with ischemic or post-
ischemic segmentary myocardial stunning that might strongly mimic
an “apical ballooning” pattern.283*3 However, ischemic myocardial
stunning in this context is nevertheless within the territory of a
single coronary artery, and usually resolves in correlation with the
mitigation of coronary ischemia.® Rarely, ischemic myocardial
stunning may also arise beyond the territory of a single coronary
artery (as in the setting of coronary collateral circulation). Challenging
conditions in TTS diagnosis are summarized in Figure 3.

Balkan Med J, Vol. 41, No. 6, 2024
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KEY POINTS

- TTS is a potentially underdiagnosed condition due to a
variety of diagnostic challenges.

- In the setting of an ACS presentation, characteristic
circumferential WMA pattern should strongly suggest
a TTS episode with or without co-existing conditions
(including stable CAD, ACSs).

- In the setting of an ACS presentation, focal or extensive
WMAs might be associated with a TTS episode and/
or similar conditions including ACSs, MINOCA and
myocarditis. Initial diagnostic strategy is generally based
on the evaluation of coronary anatomy, history and
clinical findings.

2.2. Further strategies to differentiate TTS from similar conditions

In the acute setting, certain strategies have been proposed to
differentiate TTS from ACSs particularly in the emergency unit
setting just prior to decision-making for interventional diagnostic
strategies.’® Importantly, clinical value of these strategies may be
even higher in most of the above-mentioned challenging scenarios
(where conventional coronary and cardiac imaging appear to be
inconclusive). In this context, presence of certain ECG findings
including moderate ST segment elevation in the leads V3-V6 (or V2-
V5), large and diffuse T-wave inversion (detected initially or following
the resolution of ST segment elevation) that might persist several
months, QT interval prolongation and ST segment depression in the

Underdiagnosed
emotional triggers
Mild or silent
TTS presentation

Rampant
physical triggers * / O

CHALLENGING

]
Co-existing acute CONDITIONS W
cardiac conditions / INTTS pattern™**

DIAGNOSIS

Quick TTS recovery
before cardiac
imaging

Focal or extensive
WMAs

FIG. 3. Challenging conditions in TTS diagnosis.

*Including acute neurological conditions, sepsis, etc. that might potentially mask
cardiovascular manifestations of TTS.?%; ***Ischemic or post-ischemic myocardial
stunning that might mimic a true TTS episode.?®>; TTS, Takotsubo syndrome; WMA, wall
motion abnormality.

Pre-existing
myocardial disease
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lead aVR along with the absence of reciprocal ST segment depression
might suggest TTS in patients with an ACS presentation.®™ Unlike
ACSs, reduced QRS voltage and Q-waves (mostly in the leads V3
and V4), when present, are generally transient in nature, and have
been attributed to myocardial edema in the acute phase of TTS.™
Left bundle branch block, QRS fragmentation and J-waves may be
occasionally encountered as well.®* However, there has been no
single ECG criterion absolutely specific to TTS. On the other hand,
combined ECG and clinical findings might significantly enhance
the diagnostic accuracy. Accordingly, the interTAK diagnostic
score (Figure 4) might work well in the differentiation of TTS from
ACSs.>% The interTAK diagnostic score constitutes seven variables
(comprising a total of 100 points) including female gender (25
points), existing triggers [emotional (24 points) and physical (13
points)], certain ECG findings [absence of ST segment depression
excluding the lead aVR (12 points), QT interval prolongation (6
points)], and certain conditions associated with a high risk for TTS
[psychiatric disease (11 points), neurological disease (9 points)].**
Accordingly, a score point of 30 demonstrates a TTS probability of
<1% whereas a point of >70 denotes a TTS probability of around
90%.° Notably, higher levels of certain indices including the ratios
of admission cardiac biomarker levels [including N-terminal pro-
brain natriuretic peptide (NT-proBNP)/myoglobin and NT-proBNP/
troponin T (TnT)] might suggest an existing TTS rather than ACSs

InterTAK diagnostic score (3

S~ 7

Female sex (25 points)

Emotional stress (24 points)

Physical stress (13 points)

Absence of ST segment
depression (12 points) *

Psychiatric disease
(11 points)

Neurological disease
(9 points)

QTc prolongation
(6 points)

>70 points ? <70 points

\ J

High probability Low (intermediate)
of TTS probability of TTS

FIG. 4. The InterTAK diagnostic score.
*Excluding lead aVR; TTS, Takotsubo syndrome.
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in ambiguous cases.” Accordingly, a cut-off NT-proBNP (ng/l)/
tTnT (ug/l) value of 2889 was previously reported to differentiate
TTS from STEMI with a sensitivity and specificity values of 91% and
95%, respectively.” However, in a very recent study focusing on the
validation of ratios of certain biomarkers in the interTAK registry,*®
the admission and peak ratios of troponin/creatine kinase, BNP/
troponin and BNP/creatine kinase alone worked with low specificity
and sensitivity in the differentiation of TTS and ACS.3®

Interestingly, harnessing certain  micro-RNAs (miRs) have
yielded promising results in the early diagnosis of TTS as well .63
Accordingly, a signature of circulating miRs constituting mir-16, mir-
26a (miRs associated with emotional stress), mir-1, mir 133a (miRs
associated with myocardial damage) was previously reported to
successfully differentiate TTS from healthy controls (with specificity
and sensitivity values of 78.57% and 74.19, respectively) and
from those with STEMI (with specificity and sensitivity values of
70.37% and 96.77%, respectively).® It seems likely that the above-
mentioned ECG changes, markers or indices may be of adjuntive
value in the setting of challenging TTS scenarios where the initial
imaging modalities remain inconclusive. In this context, clinical use
of certain promising markers and indices including interleukine-7,
growth differentiation factor-15%" still needs to be tested through
further studies. As mentioned before, it should be borne in mind
that TTS may also co-exist with similar conditions (including ACSs,
MINOCA and myocarditis) making the final diagnosis even more
challenging.2#334041  Notably, mechanically-triggered TTS (as
described in Part-2) is a specific form of apical ballooning with
diverse pathogenesis in which case the demonstration of small LV
cavity, LV septal hypertrophy (or bulge) and intraventricular gradient
on cardiac imaging (provoked or at rest)?4** may significantly
facilitate the TTS diagnosis.

Finally, advanced diagnostic modalities including intracoronary
imaging, coronary provocation test, nuclear imaging and cardiac
MRI may be necessary following conventional coronary and cardiac
imaging, and may be particularly considered in ambiguous cases
for the detection or confirmation of obstructive ACSs, MINOCA or
myocarditis (in isolation or in combination with TTS)."*#%63 Cardiac
MRI (besides demonstrating the further details of right ventricular
(RV) and LV involvement along with potential complications) is of
particular importance for the detection of myocardial edema and
tissue characterization.®# In particular, myocardial late gadolinium
enhancement (LGE) involvement, when present, is usually transient
and demonstrates a focal/patchy and low-intensity pattern in TTS.52
However, LGE involvement in the context of ischemic injuries is
mostly subendocardial or transmural whereas LGE involvement in
myocarditis mostly demonstrates a patchy midwall or subepicardial
pattern.®? Furthermore, T1 mapping might demonstrate even subtle
degrees of myocardial damage in this context.” However, cut-off T1
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values still need to be established.? T2 mapping exhibits myocardial
edema in segments with contractile dysfunction.?? A myocardial/
skeletal muscle signal intensity ratio of > 1.9 generally signifies
myocardial edema on T2 mapping.? Prognostic implications of LGE,
T1 and T2 mapping are mentioned in part-2. Figure 5 demonstrates
invasive ventriculogram and cardiac MRI findings (myocardial
edema and LGE) in a middle aged female patient with a mid-apical
TTS pattern.

In this context, patients with a combination of non-specific WMAs
(including focal WMA pattern), non-obstructive coronary anatomy
and a low likelihood of TTS (a low interTAK score) may undergo
cardiac MRI preferably before discharge or at 3 months following
discharge (if there exists a failed or incomplete WMA recovery under
guideline-directed medical therapy).”>? Patients with characteristic
WMAs or those with a non-characteristic WMA and a high interTAK
score should also undergo cardiac MRI at 3 months if they have
failed or incomplete WMA recovery on echocardiogram.? In this
latter group, cardiac MRI may possibly demonstrate a co-existing
MINOCA or myocarditis component. Some experts recommend
performing cardiac MRI within 2 months following discharge in this
context.?® Intracoronary imaging and vasoreactivity tests may serve
as adjunctive tools to uncover potential MINOCA triggers (including
SCAD, vasospastic angina) particularly in those without overt
findings on CAG.*?® A normal wall motion pattern (no WMA) in the
presence of obstructive coronary anatomy may also warrant further
investigation of ACSs through myocardial tissue characterization. Of
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note, nuclear imaging modalities have been occasionally harnessed
for the differentiation of TTS in the acute setting. Accordingly, single
photon emission computed tomography (SPECT) documenting a
relatively significantimpairment of myocardial fatty acid metabolism
(as demonstrated with '2I-beta-methy-iodophenyl pentadecanoic
acid) in comparison to myocardial perfusion (as demonstrated
with ?'thallium scintigraphy) may support a TTS diagnosis.? In this
context, nuclear imaging seems to serve as a supportive modality
particularly in the presence of non-specific WMAs.

In patients highly suggestive of having an aborted TTS episode
on admission (quick TTS recovery), nuclear imaging modalities
may demonstrate persistent abnormalities in cardiac sympathetic
nerves (as demonstrated with reduced myocardial uptake of
2] metaiodobenzyl guanidine on scintigraphy) and glucose
metabolism (as demonstrated with positron emission tomography
using  '®F-2-fluoro-deoxy-glucose) together with normal or
near-normal myocardial perfusion on SPECT.%™2# Conversely,
abnormalities in sympathetic innervation and myocardial perfusion
are strongly correlated in the setting of ACSs (6,23).%° Details of
advanced modalities may be found elsewhere.? Taken together,
even though the diagnostic strategies for TTS have significantly
improved in the recent years (including the expansion of diagnostic
criteria, novel ECG findings, clinical scores and promising miRs),
certain conditions may still challenge the initial TTS diagnosis
eventually indicating the need for advanced diagnostic modalities
including cardiac MRI and intracoronary imaging for the final

Contrast LV-angiography CMR: 4-chamber views | CMR: short-axis views

| Diastole

FIG. 5. Invasive left ventriculogram and cardiac magnetic resonance imaging (CMR) in a middle-aged woman presenting with chest pain after a stressful
situation. Coronary angiogram on admission revealed normal left and right coronary arteries. Invasive left ventriculogram demonstrated typical mid-
apical takotsubo syndrome (TTS) with an apical tip-sparing pattern (A, B). Cardiac MRI 3 days after admission demonstrated mild improvement in left
ventricular function particularly in the apical region in cine images (C, D). Native T1 mapping demonstrated significant increases in T1 values in the mid-
apical regions particularly in the septal and anterior segments [(E, F), white arrows]. Extracellular volume (ECV) mapping also demonstrated significant
increases in ECV values representing myocardial edema in the corresponding areas [(G, H), white arrows]. Images of late gadolinium enhancement were
consistent with an increased transmural signal intensity (but no infarction changes) in the mid-apical region particularly the septal segment [(I, J), white
arrows]. Consequently, this demonstrates “myocarditis-like” changes in the mid-apical (septal and anterior segments) in a typical case of TTS.
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diagnosis.”*? Of note, certain previous reports considered TTS as
a form of MINOCA. However, it should be borne in mind that these
two conditions are clinically and pathophysiologically different, and

currently TTS is labeled as a “MINOCA mimicker”.3* In Figure 6, we
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FIG. 6. A proposed clinical algorithm for TTS diagnosis in the presence of diagnostic challenges.
ACS, acute coronary syndrome; NSTEMI, non-ST segment elevation myocardial infarction; STEMI, ST segment elevation myocardial infarction; MINOCA, myocardial infarction
with non-obstructive coronary arteries; TTS, Takotsubo syndrome; PE, pulmonary embolism; MRI, magnetic resonance imaging; V/P, ventilation perfusion; CAG, coronary
angiogram; LV, left ventricle; PCl, percutaneous coronary intervention; WMA, wall motion abnormality; CCTA, coronary computed tomography angiography; CAD, coronary

artery disease; ECG, electrocardiogram.
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propose an algorithm for TTS diagnosis in the presence of certain
challenging conditions (including focal WMAs, obstructive CAD and
co-existing acute cardiac conditions).
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FIG. 6. Continued

*: ACS presentation denotes classical symptoms of ACS (chest pain, dyspnea, etc.) and significant increases in serum levels of myocardial enzymes (including troponins) with
or without ischemic ECG changes. Decision making for the initial diagnostic modality (invasive CAG vs CCTA) is generally based on the presence of ST segment elevation, high-
risk clinical features and the likelihood of TTS (InterTAK score < 70 vs. > 70).6'377.3

**: High risk features include persistent chest pain, hemodynamic instability and malignant arrhythmogenesis.

**%: Invasive CAG in this setting may be warranted in the presence of ACS signs on CCTA (thrombus, focal WMA within the territory of a severely stenotic coronary artery,
etc.). Invasive CAG may confirm an existing ACS, and enables further management (including PCI).

**x%: Occlusive CAD usually signifies a stenosis severity of > 50%.

&: Characteristic WMA pattern denotes a circumferential apical, midventricular or basal (or adjacent combination of these) LV involvement usually accompanied by
hypercontraction of the non-affected segments. Global LV or biventricular WMAs may also arise following stressful triggers, and may suggest TTS in the absence of any other
condition accounting for such extensive myocardial involvement including myocarditis, septic cardiomyopathy and pre-existing cardiomyopathy.>"° Cardiac MR may be
indicated even after full recovery of a global or biventricular dysfunction to differentiate TTS from similar conditions including myocarditis.

5 ACS signs (including plaque rupture, thrombus on CAG) involving the coronary artery remote from the territory of focal WMA pattern or ACS signs in the presence of a
global (or biventricular) WMA pattern may also suggest a co-existing ACS, and need to be carefully evaluated and managed accordingly.

J55: A high interTAK score denotes a score of > 70.7>%

SB: Specific biomarker ratios include N-terminal proBNP/troponin T (NT-proBNP/TnT).”

uClassical TTS signifies the widely recognized TTS form with a characteristic circumferential WMA pattern and with a normal or non-occlusive coronary anatomy in the
presence of an ACS presentation. A high interTAK score may further support the diagnosis of classical TTS. However, a low score can not definitely exclude the diagnosis in
this context.™ "

€: Recovery of WMAs is expected to be complete at 3 months in the setting of TTS.” Therefore, the decision-making for incomplete or failed recovery is usually implemented
at 3 months following discharge.” Cardiac MRI is the preferred modality for the identification of the persistent WMA trigger in this context.®'""%2 Cardiac MRI and
intracoronary imaging may be performed before discharge if the alternative diagnosis is highly likely based on clinical features (including signs of myocarditis, low interTAK
score, ambiguous coronary artery findings suggestive of MINOCA).>%

€€: Diagnostic accuracy of hemodynamic tests including fractional flow reserve may be hampered by the TTS-related microvascular dysfunction during the acute stage.*

3. THERAPEUTIC CHALLENGES AND PRACTICAL
IMPLICATIONS

In clinical practice, TTS management generally comprises various

KEY POINTS

- Initial  diagnostic modalities including invasive

ventriculogram and CCTA may be inconclusive in some
cases with a suspected TTS episode.

Intracoronary imaging and myocardial tissue
characterization (using cardiac MRI) may be performed
preferably before discharge in patients with a high
likelihood of having alternative (or possibly co-existing)
conditions including MINOCA and myocarditis.

Myocardial tissue characterization may be performed in
patients with a high likelihood of having a TTS episode
in case of persistent WMAs following the supposedly
maximum duration of TTS recovery (usually 3 months).

Certain indices, clinical scores as well as nuclear imaging

may be of adjunctive diagnostic value particularly in the
presence of non-specific WMAs (including focal WMA).
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combinations of ACS and HF medications.®®3? In other words, there
has been no clinically proven specific strategy aiming to abort
myocardial stunning and reverse the metabolic alterations at the
cellular level. Waiting for the self-recovery of the disease (with the
use of non-specific medications while managing complications, if
any) that also exhibits substantial variations among individuals, has
been the routine strategy in the clinical setting.?2 Therefore, absence
of any disease modifying therapeutic options may be regarded as
the foremost therapeutic challenge in these patients.

As expected TTS complications including hemodynamic
compromise, thromboembolism, arrhythmogenesis may lead to
significant therapeutic challenges in the setting of TTS, and require
specific management strategies. However, even in uncomplicated
cases, certain therapeutic challenges may also be possible. Clinical
status, underlying physical stressors, co-existing cardiac conditions
including CAD (even ACSs), etc. may all arise as therapeutic
challenges in patients with TTS. Therefore, management should be
adjusted on a case by case basis in most patients.
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3.1. How to choose proper medication

As previously mentioned, TTS management mostly relies on
supportive management including close monitoring and initiation
of certain agents including B-blockers, renin- angiotensin system
(RAS) blockers and where necessary, nitrates, diuretics, oxygen
therapy, anticoagulation, levosimendan and mechanical circulatory
support devices [including left ventricular assist devices (LVAD)].5*
Initiation of antiplatelet agents (including aspirin) is mostly based
on previous assumptions that TTS might be pathogenetically
considered as a form of CAD.>? Co-existing stable CAD or ACS should
be managed as in any other patient with these conditions (with
slight modifications where necessary).*

Importantly, thromboembolism, a potentially life-threatening
condition, was reported in previous TTS series (3.3% in the interTAK
registry) potentially requiring preventive measures in high-risk
patients.*>* Thromboembolism in this context may be ascribed to
WMAs, endothelial dysfunction and activation of coagulation cascade
(due to adrenergic discharge and systemic inflammation)."324%>1
The interTAK risk score was recently suggested for the prediction
of thromboembolism risk.* It includes four variables: Apical
ballooning pattern (1.5 points), a LVEF value of <30% on admission
(1.5 points), enhanced white blood cell count (10.000/ml) (1 points)
and previous vascular disease (1.5 points) (a total point of > 3
denotes a high-risk for thromboembolism particularly during the
first days of the TTS course).* Therefore, an existing high score
warrants frequent monitoring of ventricular thrombus formation
and initiation of anticoagulation strategies.* Importantly, since
embolic events may occasionally take place in the absence of
apparentthrombus formation,>? frequent monitoring (for ventricular
thrombus formation) without anticoagulation may not be a prudent
strategy. In this context, another study demonstrated LV thrombus
formation exclusively in female patients with an apical ballooning
pattern (2.2% of the whole TTS population).® Similarly, a previous
metaanalysis also reported the LV apex as the most frequent site
of thrombus formation (94% percent of the cases).”*>> Therefore,
a large apical ballooning (generally associated with severe LV
dysfunction), regardless of other clinical variables, potentially
indicates anticoagulation (unfractionated or low molecular weight
heparin followed by oral anticoagulation) until full TTS recovery
ensues.**>5" Even though direct oral anticoagulants (DOACs) were
previously recommended as potential alternatives,>*% evidence on
these agents is currently limited in this context. Using conventional
agents including vitamin K antagonists (such as warfarin) seems
more plausible in TTS patients with signs of severe stasis on cardiac
imaging (including severe and extensive ballooning, severe degrees
of spontaneous echo contrast). Therefore, indications and types of
anticoagulation for thromboembolism prevention are largely based
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on patient characteristics, and should be handled on a case-by-case
basis in the setting of TTS.

On the other hand, use of B-blockers and RAS blockers in
the context of asymptomatic or mildly symptomatic patients
with normal or near normal LV systolic functions seems to be of
limited or no significant benefit.32 Nevertheless, RAS blockers may
potentially expedite recovery of WMAs. 32 Therefore, B-blockers and
RAS blockers have been mostly recommended in those with a LVEF
value of < 40%.2® B-blockers may also be useful in alleviating left
ventricular outflow tract obstruction (LVOTO) in patients without
hemodynamic compromise.® Importantly, B-blockers should not be
used in the acute setting in patients with acute pulmonary edema
and/or hemodynamic compromise.®* In some cases, TTS may lead
to an exacerbation of a pre-existing congestive heart failure (CHF).”
In this context, maintenance of guideline-directed HF medications
seems to be reasonable. Nitroglycerin, diuretics, certain inodilators
including levosimendan and rarely LVAD have been used in TTS
cases with severe HF.%732

KEY POINTS

- Supportive management is the mainstay of therapy in
TTS patients.

- HF and ACS therapy should be individualized according
to the clinical findings and degree of LV dysfunction.

- TTS patients with a large apical ballooning should
receive anticoagulation until full recovery ensues.

- In other morphological patterns, decision-making for
anticoagulation may be based on existing high-risk
factors for thromboembolism.

3.2 How to handle specific clinical signs and symptoms

- Hypotension/cardiogenic shock

Hypotension is a frequently encountered challenge in the
setting of TTS, and might be attributable to pump failure (due
to LV and/or RV dysfunction), mechanical complications [LVOTO,
mitral regurgitation (MR)] or underlying conditions with reduced
sytemic vascular resistance including sepsis and TTS-related
sympathetic dysfunction.®3? Therefore, eradication or mitigation
of the underlying condition is imperative to combat hypotension.
Most clinicians automatically use sympathomimetics (positive
inotropes and/or vasopressors) in the setting of hypotension with
or without HF. However, use of sympathomimetics (including
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dopamine, dobutamine and noradrenaline) to combat pump
failure and/or hypotension is discouraged due to their detrimental
impact on myocardium in the context of TTS.®”*> Moreover, any
type of pharmacological agent enhancing myocardial contractility
(sympathomimetics and also levosimendan) and intraaortic balloon
pumping may further aggravate an existing LVOT gradient, and
should also be avoided in this context.”*? Cardiogenic shock due
to pump failure or LVOT gradient may be managed with temporary
mechanical circulatory support devices.® Hypotension due to severe
RV dysfunction or decreased vascular resistance should be primarily
managed with fluid therapy. In patients with conditions characterized
by significant reductions in systemic vascular resistance (including
septic shock), terlipressin [an arginine vasopressine (AVP) analogue
stimulating arterial vasoconstriction through V1a receptors] may
be considered particularly in those with catecholamine-resistant
patients® (or those with contraindications). However, besides the
detrimental impact of sympathomimetic vasopressors in the setting
of TTS),%732% AVP and its analogues (including terlipressin) may also
be associated with life-threatening cardiovascular complications
including induction of ACSs.®® Moreover, data on the use of AVP
in the setting of cardiogenic shock appear to be quite limited.®'
Therefore, harnessing AVP and its analogues in this context is not
an evidence-based option, and may exclusively be considered as a
last resort until more radical options including LVAD are available.
Taken together, supporting evidence on the optimal management
of hemodynamically significant hypotension/cardiogenic shock
in TTS is lacking and current recommendations are based on
observational data, without clearly established survival benefit of
specific strategies, including the use of medications or temporary
mechanical circulatory support devices.”

- Hypertension

Hypertension (HT) may also emerge as a therapeutic challenge
in the setting of TTS. Severe and/or persistent HT should warrant
exclusion of triggers of secondary HT that might also induce a TTS
episode (including pheochromocytoma, intracerebral haemorrhage,
sympathomimetic use, etc.).®>* In certain patients, increased blood
pressure values may be due to the exacerbation of chronic HT
associated with increasing levels of anxiety due to hospitalization,
etc. Management of HT urgencies and various grades of HT should
be based on international HT guidelines.®” Both in the urgent and
non-urgent settings, HT management should also take into account
potential compelling indications for certain antihypertensive
medications (for instance, diuretics and nitrates may be preferred
in TTS patients with pulmonary edema and co-existing HT) and up-
titration of previous antihypertensive medications. Notably, certain
medications including arterial vasodilators, alpha blockers and
nitrates might be associated with aggravation of an existing LVOT
gradient, and hence should be avoided in this context.2Short acting
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and ultra-short acting B-blockers (including esmolol and landiolol,
respectively) may be the preferred options in the setting of HT
urgencies particularly in the presence of LVOT gradient.?

- Disproportionate dyspnea

Dyspnea has been one of the cardinal symptoms in TTS
patients particularly with systolic dysfunction.”?> On the other
hand, disproportionate dyspnea (particularly in those with a
relatively mild ventricular dysfunction) might potentially suggest
mechanical complications or co-existing respiratory conditions.
This warrants re-evaluation in terms of severe MR, LVOT gradient
as well as cardiac tamponade on echocardiogram. Evaluation of
auscultation findings (lung and precordium), chest-X ray, blood gas
analysis and further tests (lung ultrasound, CT, etc.) also aids in the
diagnosis and management of the underlying pathology.32%% In a
recent systematic review (comprising 99 publications), obstructive
pulmonary disease and pneumonia were reported as the most
common respiratory triggers of TTS (39.8% and 38.8% of all cases,
respectively).® As expected, the most common symptom was
dyspnea (70.4%) in contrast to the relatively low incidence of angina
(24.7%).%¢ On the other hand, the mortality rate was relatively higher
(12.5%) particularly in patients with pneumonia and lung cancer
compared with the general TTS population.®® Notably, medications
including B-agonists and invasive procedures may also account for or
contribute to TTS evolution in the setting of respiratory diseases.%”!

- Sinus tachycardia:

Short acting B-blockers (followed by cardioselective B-blockers)
may be quite effective for the management of inappropriate
sinus tachycardia in the setting of TTS.322 In fact, this form of
tachycardia is largely attributable to high catecholamine levels,
and may persist for several days following admission. Accordingly,
serum catecholamine levels in patients with TTS were previously
reported to be significantly higher compared with those with
Killip-3 AMI and published normal values (2-3 times and 7-34
times, respectively) within the first two days of the TTS course.”
In patients with TTS, catecholamine levels, though significantly
reduced from their peak values, were still substantially higher at
the end of the first week.”” However, methodological limitations
of this study (including comparison with the published normal
values)”® were particularly highlighted in a previous report."
Notably, B-blockers have been particularly preferred in patients
with TTS associated with endocrinological triggers including thyroid
crisis’ and pheochromocytoma’™ presenting with concomitant
sinus tachycardia. Ivabradine (If channel blocker used in CHF)
has also emerged as a promising agent that might be used as an
alternative to or together with B-blockers to manage inappropriate
sinus tachycardia in the setting of TTS.327277



Yalta et al. Practical Challenges in Takotsubo Syndrome

Importantly, compensatory sinus tachycardia may also arise in
certain patients with TTS in response to LV dysfunction’? (leading to
systemic hypoperfusion with or without hypotension) and reduced
systemic vascular resistance. In this context, B-blockers should be
avoided to maintain physiological response mechanisms including
sinus tachycardia. Ivabradine, an agent without negative inotropic
effects, may be particularly preferred in TTS patients having
contraindications to B-blockers including pulmonary congestion.”
Consistent with this, ivabradine was previously shown to elicit
significant heart rate (HR) reduction (without adverse effects)
in patients with advanced or decompensated HF®7 and even
in those with cardiogenic and septic shock.2®" Improvement of
hemodynamic parameters including stroke volume’®$' provides
a potential basis for considering ivabradine beyond HR reduction
in these conditions. However, ivabradine use in these precarious
scenarios is currently off-label.”®®" Ivabradine may also be a
promising strategy in TTS patients with pulmonary congestion
or compensatory sinus tachycardia where B-blockers should be
avoided.”? However, prognostic benefit of ivabradine in this context
remains to be established.

KEY POINTS

- Underlying triggers of hypotension should be uncovered
and managed accordingly in TTS patients.

- Sympathomimetic vasopressors should be avoided in
TTS patients with hypotension.

- Certain TTS triggers (including pheochromocytoma,
stroke) may lead to severe HT.

- Management of HT in TTS patients should be
tailored according to the compelling indications of
antihypertensive agents.

- Arterial vasodilators, alpha blockers and nitrates should
be avoided in TTS patients with a LVOT gradient.

- Disproportionate dyspnea in TTS patients warrants
further evaluation of mechanical complications and
respiratory conditions.

- Ivabradine seems as plausible agent (with an off-label
indication) for the management of sinus tachycardia
in TTS patients (as an alternative to, or together with
B-blockers), and may be particularly preferred in those
with compensatory sinus tachycardia.
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3.3. Therapeutic challenges due to co-existing cardiac conditions

Even though TTS has been traditionally regarded as an isolated
phenomenon, a variety of co-existing cardiac conditions including
ACSs, myocarditis and MINOCA”#354182 have been increasingly
reported. These conditions, besides their diagnostic challenges
and prognostic impact, may also elicit potential therapeutic
challenges.”?8341.82 Management should focus both on TTS and the
co-existing cardiac condition including ACSs with the implementation
of guideline-directed strategies.®%* In such a co-existence, clinicians
should avoid certain strategies that might worsen the co-existing
condition.®? For instance; nitrates for ACS management should be
avoided in the setting of a co-existing TTS with a LVOTO.%> Notably,
co-existing SCAD might have particular implications.>*%2 For
instance, a SCAD pattern with unstable features (coronary slow flow,
cardiogenic shock) needs urgent revascularizarion.® Similarly, a
SCAD pattern involving the left main coronary artery (LMCA) (even if
stable) may be surgically managed without further delay during the
TTS course. It was also previously speculated that SCAD evolution®
and its propagation®> may be more likely to occur in the setting of
TTS due to the adverse impact of WMAs (hypercontraction versus
ballooning pattern). Therefore, urgent revascularization strategies
may be recommended particularly in the presence of a proximal
SCAD (harboring a potential risk of aortic propagation) co-existing
with TTS.

On the other hand, secondary catecholamine surges associated
with surgical revascularization strategies may further complicate
the TTS course.®? Furthermore, substantial catecholamine levels
in the setting of TTS may potentially lead to an increased risk for
stent thrombosis.82® Notably, even stable CAD may also require
urgent management in this context: accordingly revascularisation
for concomitant severe LMCA or three-vessel disease was previously
suggested as a plausible option in TTS patients with hemodynamic
compromise.®2# PCl, where possible, should be preferred over
coronary artery bypass grafting (CABG) in patients during the acute
course of TTS. Finally, hemodynamic tests for stable CAD (including
fractional flow reserve) should be deferred till complete TTS recovery
ensues (due to the TTS-related microvascular dysfunction that might
render the test results unreliable).®? In the setting of co-existing
myopericarditis and TTS, certain challenges may also emerge: for
instance; risk of hemorrhagic pericardial effusion should be carefully
weighed against the benefits of thromboembolism prevention with
anticoagulant therapy.
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KEY POINTS

- Co-existing proximal SCAD, LMCA or three-vessel disease
may warrant urgent revascularization in patients with TTS.

- PCl may be associated with an increased risk of
complications including stent thrombosis. Nevertheless,
PCl seems relatively safer compared with CABG during
the acute TTS course.

- Potential risks of anticoagulation should be taken
into consideration in TTS patients with co-existing
pericarditis.

3.4. Therapeutic challenges associated with certain TTS
complications

In the setting of TTS, mechanical, arrhythmic, thromboembolic
and pericardial complications might be already regarded as clinical
challenges that warrant specific therapeutic strategies. Management
of these complications have been discussed elsewhere 71332
However, further specific challenges while combating these
complications deserve further mention:

- Specific challenges in the setting of intraventricular
thrombus

In the presence of persistent LV thrombus, gradual
improvement of WMAs may particularly create a predisposition
to systemic embolism in patients with TTS.>"% Moreover, mobile
(protruding) thrombi may be more likely to embolize compared
with immobile (mural) ones.> In the setting of LV thrombus
formation, anticoagulation is generally indicated for at least 3
months.®® In a very recent systematic review, the use of DOACs
was reported to be associated with similar rates of systemic
embolism, stroke and thrombus resolution along with a lower
rate of hemorrhagic events and all-cause mortality compared
with vitamin K antagonists in patients with LV thrombus.®® These
results potentially encourage the use of DOACs also in the context
of TTS complicated by an intraventricular thrombus. Importantly,
hemorrhagic transformation may potentially complicate
ischemic strokes particularly in the presence certain risk factors
including existing cardioembolic origin and use of antithrombotic
therapy.t”# Accordingly, a significant therapeutic challenge exists
regarding the decision-making for initiation or resumption of
anticoagulation in TTS patients with an intraventricular thrombus
suffering an acute ischemic stroke complicated by hemorrhagic
transformation (or suffering a primary intracerebral hemorrhage
due to anticoagulation).®® Therapeutic anticoagulation with
heparin may be initiated or resumed following a few days or a
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week of interruption following an intracerebral hemorrhage
(though subcutaneous prophylactic-dose heparin may be started
earlier) in the absence of high-risk conditions including lobar
hematoma.® However, even such a short period of interruption of
therapeutic anticoagulation may put TTS patients at a significant
risk for systemic embolism (particularly those with high risk
features including mobile intracardiac thrombus). Therefore, a
detailed neurological counseling is necessary for decision-making
in this context. Notably, an existing LV thrombus has been a
relative containdication to LVAD implantation.”® However, in a
recent study, LV trombus was not associated with an increased
rate of adverse clinical outcomes (including stroke) at 1 month
in LVAD recipients.®® Conversely, another study demonstrated
increased rates of stroke and death at 6 months in this context.”’
Therefore, thorough evaluation of ventricular cavity and thrombus
characteristics seems imperative in patients with LV thrombus
prior to LVAD implantation® in the setting of TTS.

- Decision-making for implantable cardiac devices in
the setting of conduction abnormalities and life-threatening
arrhythmias:

In-hospital cardiac rhythm disorders including high-degree
atrioventricular block (AVB) and ventricular arrhythmias (VAs)
were previously reported to occur in about 6% of TTS patients in a
multicentre study comprising 16,713 subjects.”? In this study, only
24.5% of patients with serious arrhythmias (1.5% of the total TTS
population) received cardiac implantable electronic device (CIED)
therapy [permanent pacemaker (PPM) (18.4%) or implantable
cardioverter defibrillator (ICD) (6.1%)].*> Importantly, TTS patients
with serious arrhythmias were more likely to have unstable
hemodynamic or respiratory conditions, and also had a higher
incidence of readmission for CIED implantation.”? Life-threatening
VAs most frequently occur during the acute phase of TTS particularly
in the setting of low LVEF and significant QTc prolongation (> 460
ms).% A previous study reported a significant association between
life-threatening VAs and certain clinical variables including QTc
prolongation (> 460 ms), history of stroke or transient ischemic
attack and vasopressor use in TTS patients with low LVEF.*?

ICD implantation for VA management has been generally
discouraged in the setting of TTS due to the reversible nature of this
phenomenon #9249 In this context, even though PPM implantation
has been mostly recommended for the management of in-hospital
high-degree AVBs (due to the high risk of recurrence), temporary
secondary-prevention strategies including wearable defibrillators
may be preferred following discharge in those with an in-hospital
VA (till complete TTS recovery ensues).’>***> However, persistent
cardiac dysfunction (functional, structural and metabolic) following
complete TTS recovery has been suggested as an important
phenomenon with long-term consequences.”*® MRI findings also
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suggest certain findings including microfibrosis in TTS survivors.®
Higher levels of inflammation markers were also reported in these
patients (remote from the hospital discharge) suggesting a state
of persistent low grade inflammation.'* Accordingly, persistent
systemic inflammation might play a pivotal role in malignant
arrhythmogenesis particularly in the presence of cardiac structural
alterations.” Notably, monomorphic VAs in the hospital setting,
unlike polymorphic ones, might not be solely attributable to
transient factors including QT interval prolongation, yet might have
a persistent structural basis in the setting of TTS.%® Accordingly,
monomorphic VAs were previously suggested to have an important
association with mortality compared with polymorphic VAs.%®
00 Finally, a long-term excess mortality was previously reported
in TTS survivors' particularly in those suffering an in-hospital
cardiac arrest.' Potential role of late VAs in this excess mortality
seems possible as well.”*% Based on the above-mentioned notions,
secondary-prevention ICD implantation seems reasonable either as
an initial strategy or following temporary strategies in certain high-
risk TTS survivors with an in-hospital VA(s) (including those with
persistent LGE on MRI, persistent elevation of inflammation markers,
severe exercise intolerance following complete TTS recovery, and
recurrent monomorphic VAs during hospital stay). However, these
notions are currently speculative, and need to be tested. Of note,
timing of ICD implantation in this context also remains nebulous.
In a recent study, ICD implantation was performed at a median of
19 days following TTS admission.*? Finally, ICD implantation seems
as a plausible strategy in the setting of TTS that is considered as the
consequence (rather than the cause) of a life-threatening VA episode®
particularly if the arrhythmia trigger is unknown or persistent.

KEY POINTS

- LV thrombus characteristics and CNS findings on imaging
should be carefully evaluated in TTS patients with an LV
thrombus complicated by stroke for further decision-
making for anticoagulation.

- Thorough evaluation of the LV cavity for an existing
thrombus is necessary prior to LVAD implantation in TTS
patients.

- PPM implantation is recommended in TTS patients
complicated by high-degree heart blocks.

- ICD implantation has been mostly discouraged in
TTS patients complicated by in-hospital malignant
VAs. However, this may be occasionally considered in
select patients with a potential risk of post-recovery VA
recurrence.
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3.5. Therapeutic challenges and practical strategies in the setting
of life-threatening physical stressors

As expected, there exists a plethora of physical triggers previously
reported to be associated with TTS evolution (including infections,
surgery, trauma, anesthesia, etc.).?

- Practical strategies in the setting of relatively frequent
stressors

Certain physical triggers including acute cerebrovascular events,
sepsis, cancer and major surgery may be relatively frequent,
and may appear to serve as stronger determinants of prognosis
compared with the associated TTS. In other terms, TTS might just
constitute an epiphenomenon in the presence of these serious
conditions.™ Therefore, therapy should prioritize the potential
challenges associated with these life-threatening physical triggers,
where necessary. For instance; anticoagulation should be avoided
or interrupted in the setting of an intracerebral haemorrhage,* or
cancer metastases to high-risk organ systems including the central
nervous system or in the aftermath of a major surgery. Therapy may
constitute fluid therapy and non-sympathomimetic vasopressors in
patients with septic shock.® However, excessive fluid therapy may
increase the risk of pulmonary edema in this setting, and requires
close supervision® particularly in TTS patients with LV dysfunction.
In the general context, strict management of pump failure should
accompany fluid therapy in TTS patients with reduced systemic
vascular resistance.

More specifically, coronavirus disease-2019 (COVID-19) has also
been reported to be associated with TTS evolution either due to the
infection itself or due to a variety of secondary causes including
psychological factors such as social isolation and fear of dying.'*'%
Importantly, use of diagnostic modalities including CAG has been
limited in the setting of COVID-19 potentially creating significant
challenges in TTS diagnosis and management.'® Accordingly,
complication and mortality rates were reported to be relatively
higher in patients with TTS due to COVID-19.1031%4

Finally, necessary surgical procedures in the acute phase of
TTS (such as drainage of cerebral hematoma, etc.) should be
implemented with a relatively higher surgical risk as in any
other patient without a TTS episode (with particular cautions
against potential arrhythmias, pulmonary edema, etc. during the
procedure).

- Potential implications in the setting of rare stressors

Notably, certain life-threatening TTS triggers might be relatively
rare, and might be easily overlooked potentially leading to high
mortality rates in case of a missed diagnosis. Accordingly, we would
like to put a particular emphasis on anaphylactoid reactions and
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pheochromocytoma together with their therapeutic challenges and
practical strategies in the setting of TTS.

Anaphylactoid reactions: In this context, the initial management
strategy for TTS should focus on ruling out and treating any co-
existing ACS with antiplatelet agents, anticoagulation, vasodilators,
continuous ECG monitoring and planning CAG. ACS in this clinical
scenario mostly signifies “Kounis syndrome (KS)” that was previously
suggested to arise due to the adverse effects of anaphylactoid
mediators (histamine, etc.) on coronary arterial system (leading
to coronary vasospasm, etc.)."'% B-blockers are contraindicated
in anaphylactoid reactions with hypotension, bradycardia, severe
HF as well as suspected coronary vasospasm. Non-dihydropyridine
calcium channel blockers can be used as potential alternatives in
the management of certain conditions including LVOTO.

Conditions associated with TTS evolution in the setting of
anaphylactoid reactions appear to be strictly interrelated in multiple
directions leading to a vicious cycle namely “the ATAK complex”
(Anaphylaxis, Takotsubo, Adrenaline, KS)."® In this complex, TTS can
occurinavictim due to the anaphylactoid reaction itself, therapeutic
adrenaline administration and compensatory catecholamine release
from the adrenal medullary cells. Mechanistically, anaphylactoid
mediators can trigger both KS and TTS." Notably, severe angina
due to KS may also have the potential to contribute to TS evolution
as well. Interestingly, TTS may even arise in predisposed individuals
watching and assisting in the management of anaphylactoid
reactions. Broadly speaking, eventual TTS evolution may be quite
possible in the context of anaphylactoid reactions.’ In this context,
ATAK complex'®1% should be taken into consideration in the
diagnosis, prevention and management of a potential TTS episode.

Although KS and TTS are commonly diagnosed clinical entities,
there is still lack of comprehensive data regarding epidemiology
and outcomes in the setting of their co-existence. In the first-ever
population-based analysis on TTS and KS, it was demonstrated
that 1.5% of all TTS admissions were related to KS.” Among
adult hospitalizations related to KS and TTS, the frequency and
characteristics of KS-associated TTSwere evaluated usingthe National
Inpatient Sample (2007-2014). Patients who were predominantly
white females were part of the KS-TTS cohort, which was more
heavily burdened with cardiovascular risk factors and required more
resources than the non-TTS cohort. Hospital outcomes and baseline
characteristics were examined. Comparing the KS-TTS cohort to the
non-TTS cohort, it was found that the former was more frequently
elderly (74 vs. 66 yrs.), female (100% vs. 52.9%), and less frequently
white (62.2% vs. 71.3%) patients. Cardiovascular comorbidities and
risk factors, such as dyslipidemia (62.4% vs. 44.7%; p=0.03) and HT
(100% vs. 75.6%; p=0.001), were more common in the KS-TTS cohort
than in the non-KS-TTS cohort.
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Pheochromocytoma: Pheochromocytoma is an uncommon
tumor of the adrenal medulla that secretes catecholamines, and has
the potential to trigger TTS.627619109 |t may be sporadic or familial.”
Since  pheochromocytoma has a highly variable presentation
pattern,'® its diagnosis is often delayed or overlooked. Diagnosis
assistance may be provided by unexplained HF accompanied by
palpitations, severe headaches, abdominal pain, HT, excessive
perspiration, unexplained transient hypotension or blood
pressure fluctuations.®27619%19 maging studies and evaluation
of catecholamine metabolites in the urine generally confirms
the diagnosis.”® The association of pheochromocytoma and TTS
was not initially included in TTS diagnostic criteria, but has been
now universally accepted.>'® Pheochromocytoma-induced TTS is
characterized by younger age, less exclusivity for the female gender,
frequent reverse (basal) phenotype (rather than mid-ventricular/
apical) of TTS than non-pheochromocytoma-TTS.%*'% Management
of pheochromocytoma-induced TTS is not different from the non-
pheochromocytoma-TTS, except in reference to employment of
a-blockers prior to using B-blockers, diagnostic exploration for the
location of pheochromocytoma tumors, emphasis on adequate
fluid loading practices, and planning for surgical removal of the
pheochromocytoma tumor either during the same admission
or after stabilization of the patient and readmission for surgical
management.” When pheochromocytoma-induced TTSis associated
with cardiogenic shock, implementation of the extracorporeal
membrane oxygenator is advisable.'® In frail patients, particularly
elderly with associated comorbidities, continuation of a-blockers
and B-blocker therapy, and meticulous preparation is in order,
with consideration of laparoscopic surgery for extirpation of the
pheochromocytoma tumor.

KEY POINTS

- Management of TTS should be tailored according to the
underlying severe physical stressor, where necessary.

- Urgent surgical procedures in the acute phase of TTS
should be performed with a relatively higher surgical risk.

- Anaphylactoid reactions and pheochromocytoma have
been rare triggers of TTS with important therapeutic
implications. They are associated with high mortality
rates in case of a missed diagnosis.

- Vicious cycle namely the ATAK complex (Anaphlaxis,
Takotsubo, Adrenaline, Kounis) should be taken
into consideration in the diagnosis, prevention and
management of a potential TTS episode in the setting of
anapyhlactoid reactions.

- Management of TTS in the setting of pheochromocytoma
is similar to the general TTS management. However,
management should also focus on initiation of alpha
blockers prior to beta blockers, adequate fluid loading,
and excision of pheochromocytoma.
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3.6. Long-term management following a TTS episode:
A therapeutic enigma

In a recent trial, conventional agents including RAS blockers
(angiotensin-converting enzyme inhibitors, angiotensin receptor
blockers), B-blockers and statins were associated with a reduced
long-term mortality following ACSs."® However, RAS blockers were
suggested as the sole cardiovascular agents associated with long-
term survival benefit following a TTS episode.”® Moreover, certain
agents including diuretics may be associated with worse outcomes
in both conditions.”® In a recent meta-analysis, the use of B-blockers
in combination with RAS blockers as combination therapy to lower
the risk of TTS recurrence was found to have insufficient statistical
support.” Moreover, in patients with TTS who made it out of
the hospital, B-blockers did not appear to be linked to decreased
mortality or TTS recurrence. This adds to the increasing body of
evidence indicating that patients with TTS might not benefit from
regular beta-blocker prescriptions.””? All the above show that this
enigma exists and needs to be solved.
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KEY POINTS

- Long-term benefits of conventional agents other than
RAS blockers still need to be established.

Taken together, therapeutic challenges are quite common in
patients with TTS even in those without overt complications.
Figure 7 demonstrates an overall summary of therapeutic
challenges in the setting of uncomplicated TTS. Finally, detailed
aspects of epidemiology and pathophysiology of TT$#832113114 3¢
well as potential challenges in the setting of more specific TTS
triggers (including natural disasters)">""” and promising therapeutic
options*>18121 have heen discussed elsewhere, and are beyond the
scope of this paper.

Absence of
disease-specific
strategies

Therapeutic challenges ‘
‘ in uncomplicated TTS ’

Long-term
management
after recovery

Selection of
proper medication

Inordinate
symptoms
and signs

Life-threatening
physical triggers

Co-existing
cardiac
conditions

FIG. 7. A summary of the therapeutic challenges in patients with uncomplicated TTS.

TTS, Takotsubo syndrome.
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4. CONCLUSION

TTS has been an increasingly recognized phenomenon in
clinical practice. However, it is still one of the most underdiagnosed
cardiovascular conditions largely due to a variety of diagnostic
challenges. Importantly, TTS should be considered as one of the
differential diagnoses in every patient with an ACS presentation and
in critically ill patients with new-onset cardiovascular manifestations.
Furthermore, it seems imperative for clinicians to stay aloof from
preconditionings and stereotypical ideas regarding TTS. It should
be borne in mind that this phenomenon may occasionally co-exist
with other cardiac conditions, and may arise in atypical clinical
and morphological patterns. These diagnostic challenges warrant
the use of advanced diagnostic modalities (including cardiac MRI,
intracoronary imaging, and nuclear imaging) to establish the final
diagnosis particularly in cases in whom conventional imaging
modalities remain inconclusive. However, it seems also necessary to
pursue certain diagnostic algorithms for the proper and timely use
of these advanced modalities.

On the other hand, therapeutic challenges may be quite possible
even in the setting of TTS without overt complications. In this
context, selection of proper medication is quite challenging, and
needs to be adjusted on a case by case basis. Disproportionate
symptoms (and signs), co-existing acute cardiac conditions and life-
threatening physical triggers should be further evaluated to guide
the subsequent management strategies. Finally, potential benefits
of long-term management following a TTS episode still remain to
be further established.

Acknowledgements: We would like to thank Dr. Cihan Oztiirk for obtaining
the content of Figure 1 from the archive of Catheterization and Angiography
Laboratory of Cardiology Department at the Trakya University Hospital (Figure 1
was also prepared by him for this submission).

Author Disclosures: Mehmet Birhan Yilmaz: Institutional fee from Novartis,
Bayer, Amgen, Astra Zeneca, Boehringer Ingelheim, Novo Nordisk, Albert Health.,
Robert ] Gil: Speaker bureau/honoraria/travel grants/proctorship fees: Novartis,
Pfizer, Servier, Astra Zeneca, Medtronic, Philips, Amgen, Abdallah Almaghraby:
Speaker bureau/honoraria/travel grants/proctorship fees: Boehringer Ingelheim,
Astra Zeneca, Novartis., Biykem Bozkurt: Abbott, Abiomed, Amgen, Astra Zeneca,
Bayer, Boehringer Ingelheim, Cardurion, Daiichi Sankyo, Janssen, Novo Nordisk,
Renovacor, Respicardia/Zoll, Roche, Salubris Pharmaceuticals, Sanofi-Aventis,
Vifor.,, Gani Bajraktari: Speaker bureau/honoraria/travel grants: Krka, Novartis,
Alkaloid, Bosnalijek. Vassil Traykov: Speaker bureau/honoraria/travel grants/
proctorship fees: Boehringer Ingelheim, Novartis, Pfizer, Servier, |&|, Astra Zeneca,
Medtronic, Abbott, Biotronik, Cecilia Linde: Research support from the Swedish
Heart Lung Foundation, Swedish Society of Science, Stockholm County Council,
consulting fees from AstraZeneca, Roche Diagnostics, speaker honoraria from
Novartis, Astra, Bayer, Vifor Pharma and Medtronic, and Impulse Dynamics and
serves on advisory boards for Astra Zeneca. The other authors did not declare any
disclosures.

Authorship Contributions: Concept- K.Y, .EM., N.GK., S.Y.H., M.P, SA, AM.,
M.B.Y,, Y.L, MAAM., RJ.G.,, R.T., AA, BB, G.B., T.F,, V.T., SM.S., UM, S.S., ZV.K,,
C.L, PMS., Design- K., J.LEM., N.GK, SYH, MP, SA, AM, MB.Y, YL,
M.AM., RJ.G, RT., AA,, B.B., G.B., T.F, V.T,, SM.S., UM, S.S,, ZVK, C.L, PM.S,,
Supervision- K.Y., .EM., N.G.K., S.Y.H., M.P, SA,, AM., M.B.Y,, Y.L, MAM., RJ.G.,

Balkan Med J, Vol. 41, No. 6, 2024

10.

1.

12.

13.

Yalta et al. Practical Challenges in Takotsubo Syndrome

RT,AA,BB,GB, TF, VT, SMS,, UM, SS., ZVK, C.L, PM.S,, Fundings- K.Y.,
J.EM,, N.G.K,, S.Y.H., M.P, S A, AM., M.B.Y,, Y.L., MAM., RJ.G., R.T., AA.,, B.B., G.B.,
T.F,V.T, SM.S., UM, S.S., ZV.K, C.L., PM.S., Materials- K.Y., J.EM., N.G.K., S.Y.H.,
M.P, SA., AM., MBY, Y.L, MAM, RJ.G, RT, AA, BB, G.B., T.F, V.T., SM.S.,
UM., S.S., ZVK, C.L, PM.S., Data Collection or Processing- K.Y., ].EM., N.G.K,,
SY.H., M.P, SA, AM., MBY,, Y.L, MAM., RJ.G,, RT, AA, BB., G.B, T.F,, V.T,,
S.MS., UM, SS., ZV.K,, C.L., PM.S., Analysis or Interpretation- K.Y., ].E.M., N.G.K.,
S.YH., M.P, SA, AM, MB.Y,, Y.L, MAM., RJ.G, RT, AA, B.B, G.B.,, TF, V.T.,
S.MS., UM, SS., ZVK,, C.L, PM.S,, Literature Review- K.Y., ].EM., N.G.K,, S.Y.H.,
M.P, SA, AM., MBY, Y.L, MAM, RJ.G, RT, AA, BB, G.B., T.F,, V.T., SM.S.,
UM, S.S., ZVK, C.L, PM.S., Writing- K.Y., J.EM., N.G.K., S.Y.H., M.P, SA., AM.,
M.B.Y, Y.L, MAM., RJ.G., RT.,, AA, BB, G.B., T.F, V.T., SMS., UM., S.S., ZV.K,
C.L, PM.S., Critical Review- K.Y., .EM., N.G.K., S.Y.H., M.P, SA, AM, M.B.Y, Y.L,
M.AM., RJ.G.,, RT.,, AA, BB, G.B.,, T.F, V.T., SSM.S., UM,, S.S., ZVK,, C.L,, PM.S.

Peer-Review: Servet Altay is a member of the Editorial Board of the Balkan
Medical Journal. However, he was not involved in the editorial decision of the
manuscript at any stage.

Conflict of Interest: The authors declare that they have no conflict of interest.

Funding: The authors declared that this study received no financial support.

REFERENCES

Sato H, Tateishi H, Uchida T. Takotsubo-type cardiomyopathy due to multivessel spasm.
In: Kodama K, Haze K, Hon M, et al. (editors). Clinical Aspect of Myocardial Injury: From
Ischemia to Heart Failure, Kagakuhyouronsha, Tokyo, 1990. pp. 56-64.

Lyon AR, Citro R, Schneider B, et al. Pathophysiology of Takotsubo Syndrome: JACC
State-of-the-Art Review. / Am Coll Cardiol. 2021;77:902-921. [CrossRef]

Omerovic E, Citro R, Bossone E, et al. Pathophysiology of Takotsubo syndrome - a joint
scientific statement from the Heart Failure Association Takotsubo Syndrome Study
Group and Myocardial Function Working Group of the European Society of Cardiology
- Part 1: overview and the central role for catecholamines and sympathetic nervous
system. Eur | Heart Fail. 2022;24:257-273. [CrossRef]

Omerovic E, Citro R, Bossone E, et al. Pathophysiology of Takotsubo syndrome - a joint
scientific statement from the Heart Failure Association Takotsubo Syndrome Study
Group and Myocardial Function Working Group of the European Society of Cardiology
- Part 2: vascular pathophysiology, gender and sex hormones, genetics, chronic
cardiovascular problems and clinical implications. Eur | Heart Fail. 2022;24:274-286.
[CrossRef]

Ghadri JR, Wittstein IS, Prasad A, et al. International Expert Consensus Document
on Takotsubo Syndrome (Part I): Clinical Characteristics, Diagnostic Criteria, and
Pathophysiology. Eur Heart J. 2018;39:2032-2046. [CrossRef]

Ghadri JR, Wittstein IS, Prasad A, et al. International Expert Consensus Document on
Takotsubo Syndrome (Part 1l): Diagnostic Workup, Outcome, and Management. Eur
Heart J. 2018;39:2047-2062. [CrossRef]

Yalta K, Yilmaztepe M, Zorkun C. Left Ventricular Dysfunction in the Setting of
Takotsubo Cardiomyopathy: A Review of Clinical Patterns and Practical Implications.
Card Fail Rev. 2018;4:14-20. [CrossRef]

Yalta K, Palabiyik O, Gurdogan M, Yetkin E. Hyponatremia and takotsubo syndrome:
a review of pathogenetic and clinical implications. Heart Fail Rev. 2024;29:27-44.
[CrossRef]

Madias JE. Blood norepinephrine/epinephrine/dopamine measurements in 108
patients with takotsubo syndrome from the world literature: pathophysiological
implications. Acta Cardiol. 2021;76:1083-1091. [CrossRef]

Y-Hassan S, Sorensson P, Ekenback C, et al. Plasma catecholamine levels in the acute
and subacute stages of takotsubo syndrome: Results from the Stockholm myocardial
infarction with normal coronaries 2 study. Clin Cardiol. 2021;44:1567-1574. [CrossRef]
Y-Hassan S. Plasma Epinephrine Level and its Causal Link to Takotsubo Syndrome
Revisited: Critical Review with a Diverse Conclusion. Cardiovasc Revasc Med.
2019;20:907-914. [CrossRef]|

Ferradini V, Vacca D, Belmonte B, et al. Genetic and Epigenetic Factors of Takotsubo
Syndrome: A Systematic Review. Int | Mol Sci. 2021;22:9875. [CrossRef]

Shadmand M, Lautze |, Md AM. Takotsubo pathophysiology and complications: what
we know and what we do not know. Heart Fail Rev. 2024;29:497-510. [CrossRef]


https://www.scirp.org/reference/referencespapers?referenceid=437211
https://doi.org/10.1016/j.jacc.2020.10.060
https://doi.org/10.1002/ejhf.2400
https://doi.org/10.1002/ejhf.2368
https://doi.org/10.1093/eurheartj/ehy076
https://doi.org/10.1093/eurheartj/ehy077
https://doi.org/10.15420/cfr.2018:24:2
https://doi.org/10.1007/s10741-023-10344-z
https://doi.org/10.1080/00015385.2020.1826703
https://doi.org/10.1002/clc.23723
https://www.sciencedirect.com/science/article/abs/pii/S1553838918304664?via%3Dihub
https://doi.org/10.3390/ijms22189875
https://doi.org/10.1007/s10741-023-10381-8

Yalta et al. Practical Challenges in Takotsubo Syndrome

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Yalta K, Yetkin E, Yalta T. Systemic inflammation in patients with Takotsubo syndrome:
a review of mechanistic and clinical implications. Monaldi Arch Chest Dis. 2021;91.
[CrossRef]

Manousek J, Kala P, Lokaj P, et al. Oxidative Stress in Takotsubo Syndrome-Is It Essential
for an Acute Attack? Indirect Evidences Support Multisite Impact Including the Calcium
Overload-Energy Failure Hypothesis. Front Cardiovasc Med. 2021;8:732708. [CrossRef]
Prasad A, Lerman A, Rihal CS. Apical ballooning syndrome (Tako-Tsubo or stress
cardiomyopathy): a mimic of acute myocardial infarction. Am Heart J. 2008;155:408-
417. [CrossRef]

Lyon AR, Bossone E, Schneider B, 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. [CrossRef]

Kawai S, Kitabatake A, Tomoike H; Takotsubo Cardiomyopathy Group. Guidelines for
diagnosis of takotsubo (ampulla) cardiomyopathy. Circ J. 2007;71:990-992. [CrossRef]
Parodi G, Citro R, Bellandi B, et al. Revised clinical diagnostic criteria for Tako-tsubo
syndrome: the Tako-tsubo Italian Network proposal. Int J Cardiol. 2014;172:282-283.
[CrossRef]

Schultz T, Shao Y, Redfors B, et al. Stress-induced cardiomyopathy in Sweden: evidence
for different ethnic predisposition and altered cardio-circulatory status. Cardiology.
2012;122:180-186. [CrossRef]

Wittstein IS. Stress cardiomyopathy: a syndrome of catecholamine-mediated myocardial
stunning? Cell Mol Neurobiol. 2012;32:847-857. [CrossRef]

Madias JE. Why the current diagnostic criteria of Takotsubo syndrome are outmoded: a
proposal for new criteria. Int J Cardiol. 2014;174:468-470. [CrossRef]

Citro R, Okura H, Ghadri JR, et al.; EACVI Scientific Documents Committee.
Multimodality imaging in takotsubo syndrome: a joint consensus document of the
European Association of Cardiovascular Imaging (EACVI) and the Japanese Society of
Echocardiography (JSE). Eur Heart | Cardiovasc Imaging. 2020;21:1184-1207. [CrossRef]|
Yalta K, Yetkin E, Yalta T. Takotsubo cardiomyopathy: an obscure cause of emerging
cardiovascular manifestations in the setting of Bickerstaff’s brainstem encephalitis.
Neurol Sci. 2021;42:1181-1183. [CrossRef]

Madias JE. The Mystery of Left Ventricular Ejection Fraction Recovery: A Possible
Undiagnosed Takotsubo Syndrome? Am J Cardiol. 2023;205:520-521. [CrossRef]

Yalta K, Yalta T, Sivri N, Yucel O. Tako-tsubo cardiomyopathy in the setting of pre-existing
myocardial disease: A potential diagnostic challenge? Int | Cardiol. 2010;145:604-605.
[CrossRef]

Yalta K, Gurdogan M, Palabiyik O. Apical aneurysm or transient apical ballooning?
Potential dilemma in risk stratification of hypertrophic cardiomyopathy. Heart.
2020;106:1111. [CrossRef]

Yalta K, Gurdogan M, Ozturk C, Yalta T. MINOCA? Takotsubo syndrome? Or both? Pitfalls,
clues and indications for advanced modalities in the differential diagnosis. Kardiol Pol.
2022;80:1282-1283. [CrossRef]

Pawtowski T, Mintz GS, Kulawik T, Gil RJ. Virtual histology intravascular ultrasound
evaluation of the left anterior descending coronary artery in patients with transient left
ventricular ballooning syndrome. Kardiol Pol. 2010;68:1093-1098. [CrossRef]

Delgado GA, Truesdell AG, Kirchner RM, et al. An angiographic and intravascular
ultrasound study of the left anterior descending coronary artery in takotsubo
cardiomyopathy. Am | Cardiol. 2011;108:888-891. [CrossRef]

Eitel I, Stiermaier T, Graf T, et al. Optical Coherence Tomography to Evaluate Plaque
Burden and Morphology in Patients With Takotsubo Syndrome. j Am Heart Assoc.
2016;5:€004474. [CrossRef]

Madias JE. Takotsubo Cardiomyopathy: Current Treatment. J Clin Med. 2021;10:3440.
[CrossRef]

Yildiz M, Ashokprabhu N, Shewale A, Pico M, Henry TD, Quesada O. Myocardial
infarction with non-obstructive coronary arteries (MINOCA). Front Cardiovasc Med.
2022;9:1032436. [CrossRef]

Chou AY, Sedlak T, Aymong E, et al. Spontaneous Coronary Artery Dissection
Misdiagnosed as Takotsubo Cardiomyopathy: A Case Series. Can J Cardiol. 2015;31:1073.
[CrossRef]

Yalta K, Ucar F, Yilmaztepe M, Ozkalayci F. Tako-tsubo cardiomyopathy and spontaneous
coronary artery dissection: A subtle association with prognostic implications? Int |
Cardiol. 2016;202:174-176. [CrossRef]|

Ghadri JR, Cammann VL, Jurisic S, et al. A novel clinical score (InterTAK Diagnostic Score)
to differentiate takotsubo syndrome from acute coronary syndrome: results from the
International Takotsubo Registry. Eur | Heart Fail. 2017;19:1036-1042. [CrossRef]

37.

38.

40.

41.

42.

43.

44,

45.

47.

49.

50.

51.

52.

54.

55.

56.

57.

59.

439

Frohlich GM, Schoch B, Schmid F, et al. Takotsubo cardiomyopathy has a unique cardiac
biomarker profile: NT-proBNP/myoglobin and NT-proBNP/troponin T ratios for the
differential diagnosis of acute coronary syndromes and stress induced cardiomyopathy.
Int | Cardiol. 2012;154:328-332. [CrossRef]

Schweiger V, Di Vece D, Cammann VL, et al. Cardiac hiomarkers for diagnosing
Takotsubo syndrome. Eur Heart |. 2024;45:2254-2258. [CrossRef]

Jaguszewski M, Osipova |, Ghadri JR, et al. A signature of circulating microRNAs
differentiates takotsubo cardiomyopathy from acute myocardial infarction. Eur Heart J.
2014;35:999-1006. [CrossRef]

Madias JE. On a Plausible Association of Spontaneous Coronary Artery Dissection and
Takotsubo Syndrome. Can J Cardiol. 2015;31:1410.€1. [CrossRef]

Yalta K, Yilmaztepe M, Ucar F, Zorkun C. Takotsubo Cardiomyopathy ? Acute Myocarditis
? or Both? Not so Easy to Diagnose in Certain Settings. Int J Cardiovasc Res. 2017;6:2.
[CrossRef]

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

Azzarelli S, Galassi AR, Amico F, Giacoppo M, Argentino V, Fiscella A. Intraventricular
obstruction in a patient with tako-tsubo cardiomyopathy. IntJ Cardiol. 2007;121:e22-€24.
[CrossRef]

Previtali M, Repetto A, Scuteri L. Dobutamine induced severe midventricular
obstruction and mitral regurgitation in left ventricular apical ballooning syndrome.
Heart. 2005;91:353. [CrossRef]

Kyuma M, Tsuchihashi K, Shinshi Y, et al. Effect of intravenous propranolol on
left ventricular apical ballooning without coronary artery stenosis (ampulla
cardiomyopathy): three cases. Circ J. 2002;66:1181-1184. [CrossRef]

Citro R, Bellino M, Merli E, et al. Obstructive Hypertrophic Cardiomyopathy and
Takotsubo Syndrome: How to Deal With Left Ventricular Ballooning? / Am Heart Assoc.
2023;12:€032028. [CrossRef]

Yalta K, Yetkin E, Taylan G, Palabiyik O. Takotsubo syndrome in the absence of an
overt stressor: A glimpse into its mechanistic and clinical aspects. Anatol J Cardiol.
2020;24:287. [CrossRef]

Madias JE. Left ventricular outflow tract obstruction/hypertrophic cardiomyopathy/
takotsubo syndrome: A new hypothesis of takotsubo syndrome pathophysiology. Curr
Probl Cardiol. 2024;49:102668. [CrossRef]

Ding KJ, Cammann VL, Szawan KA, et al. Intraventricular Thrombus Formation and
Embolism in Takotsubo Syndrome: Insights From the International Takotsubo Registry.
Arterioscler Thromb Vasc Biol. 2020;40:279-287. [CrossRef]

Santoro F, Stiermaier T, Tarantino N, et al. Left Ventricular Thrombi in Takotsubo
Syndrome: Incidence, Predictors, and Management: Results From the GEIST (German
Italian Stress Cardiomyopathy) Registry. | Am Heart Assoc. 2017;6:€006990. [CrossRef]
Kurisu S, Inoue I, Kawagoe T, et al. Incidence and treatment of left ventricular apical
thrombosis in Tako-tsubo cardiomyopathy. Int J Cardiol. 2011;146:€58-e60. [CrossRef]
de Gregorio C, Grimaldi P, Lentini C. Left ventricular thrombus formation and
cardioembolic complications in patients with Takotsubo-like syndrome: a systematic
review. Int | Cardiol. 2008;131:18-24. [CrossRef]

Schneider B, Athanasiadis A, Schwab ], et al. Complications in the clinical course of
tako-tsubo cardiomyopathy. Int J Cardiol. 2014;176:199-205. [CrossRef]

de Gregorio C. Cardioembolic outcomes in stress-related cardiomyopathy complicated
by ventricular thrombus: a systematic review of 26 clinical studies. Int | Cardiol.
2010;141:11-17. [CrossRef]

Badescu MC, Sorodoc V, Lionte C, et al. Direct Oral Anticoagulants for Stroke and
Systemic Embolism Prevention in Patients with Left Ventricular Thrombus. J Pers Med.
2023;13:158. [CrossRef]

Kumar D, Warsha F, Mehta A, Deepak V, Jawad W. 5-Fluorouracil Induced Takotsubo
Cardiomyopathy Complicated by Left Ventricular Thrombosis. Cureus. 2021;13:€14049.
[CrossRef]

Galli M, D’Amario D, Andreotti F, et al. Sustained safe and effective anticoagulation
using Edoxaban via percutaneous endoscopic gastrostomy. ESC Heart Fail. 2019;6:884-
888. [CrossRef]

Michel J, Hofbeck M, Spiller G, Renk H, Kumpf M, Neunhoeffer F. Safety and Efficacy
of Terlipressin in Pediatric Distributive Shock: A Retrospective Analysis in 20 Children.
Paediatr Drugs. 2017;19:35-41. [CrossRef]|

Napierkowski S, Banerjee U, Anderson HV, et al. Trends and Impact of the Use of
Mechanical Circulatory Support for Cardiogenic Shock Secondary to Takotsubo
Cardiomyopathy. Am | Cardiol. 2021;139:28-33. [CrossRef|

Balkan Med J, Vol. 41, No. 6, 2024


https://doi.org/10.4081/monaldi.2021.1718
https://doi.org/10.3389/fcvm.2021.732708
https://doi.org/10.1016/j.ahj.2007.11.008
https://doi.org/10.1002/ejhf.424
https://doi.org/10.1253/circj.71.990
https://doi.org/10.1016/j.ijcard.2013.12.239
https://doi.org/10.1159/000338814
https://doi.org/10.1007/s10571-012-9804-8
https://doi.org/10.1016/j.ijcard.2014.04.241
https://doi.org/10.1093/ehjci/jeaa149
https://doi.org/10.1007/s10072-020-04749-z
https://doi.org/10.1016/j.amjcard.2023.08.031
https://www.internationaljournalofcardiology.com/article/S0167-5273(10)00304-9/abstract
https://doi.org/10.1136/heartjnl-2020-316747
https://doi.org/10.33963/KP.a2022.0234
https://pubmed.ncbi.nlm.nih.gov/20967700/
https://doi.org/10.1016/j.amjcard.2011.05.012
https://doi.org/10.1161/JAHA.116.004474
https://doi.org/10.3390/jcm10153440
https://doi.org/10.3389/fcvm.2022.1032436
https://doi.org/10.1016/j.cjca.2015.03.018
https://doi.org/10.1016/j.ijcard.2015.08.152
https://doi.org/10.1002/ejhf.683
https://doi.org/10.1016/j.ijcard.2011.09.077
https://doi.org/10.1093/eurheartj/ehae231
https://doi.org/10.1093/eurheartj/eht392
https://doi.org/10.1016/j.cjca.2015.07.720
https://www.researchgate.net/publication/318389093_Takotsubo_Cardiomyopathy_Acute_Myocarditis_or_Both_Not_so_Easy_to_Diagnose_in_Certain_Settings
https://doi.org/10.1016/j.euje.2005.08.003
https://doi.org/10.1016/j.ijcard.2007.04.110
https://doi.org/10.1136/hrt.2004.037994
https://doi.org/10.1253/circj.66.1181
https://doi.org/10.1161/JAHA.123.032028
https://doi.org/10.14744/AnatolJCardiol.2020.84938
https://doi.org/10.1016/j.cpcardiol.2024.102668
https://doi.org/10.1161/ATVBAHA.119.313491
https://doi.org/10.1161/JAHA.117.006990
https://doi.org/10.1016/j.ijcard.2008.12.208
https://doi.org/10.1016/j.ijcard.2008.05.060
https://doi.org/10.1016/j.ijcard.2014.07.002
https://doi.org/10.1016/j.ijcard.2009.09.468
https://doi.org/10.3390/jpm13010158
https://doi.org/10.7759/cureus.14049
https://doi.org/10.1002/ehf2.12434
https://doi.org/10.1007/s40272-016-0199-8
https://doi.org/10.1016/j.amjcard.2020.09.047

440

60.
61.
62.

63.

65.
66.

67.

68.

69.

70.

71.

72.
73.
74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Lee MY, Chu CS, Lee KT, et al. Terlipressin-related acute myocardial infarction: a case
report and literature review. Kaohsiung J Med Sci. 2004;20:604-608. [CrossRef]

Amado |, Gago P, Santos W, Mimoso ], de Jesus I. Cardiogenic shock: Inotropes and
vasopressors. Rev Port Cardiol. 2016;35:681-695. [CrossRef]

Y-Hassan S. Clinical Features and Outcome of Pheochromocytoma-Induced Takotsubo
Syndrome: Analysis of 80 Published Cases. Am | Cardiol. 2016;117:1836-1844. [CrossRef]|
Chiang YL, Chen PC, Lee CC, Chua SK. Adrenal pheochromocytoma presenting with
Takotsubo-pattern cardiomyopathy and acute heart failure: A case report and literature
review. Medicine (Baltimore). 2016;95:e4846. [CrossRef]|

Chen M, Zhao T, Chen G, Hu S. A rare long-term undetected pheochromocytoma
leading to Takotsubo syndrome in an older male patient: a case report. BMC Endocr
Disord. 2020;20:93. [CrossRef]

Nagpal RR, Dhabhar |B, Ghanekar J. Takotsubo Cardiomyopathy in a Case of
Intracerebral Hemorrhage: A Case Report. Cureus. 2019;11:€5711. [CrossRef]

Kido K, Guglin M. Drug-Induced Takotsubo Cardiomyopathy. J Cardiovasc Pharmacol
Ther. 2017;22:552-563. [CrossRef]

Mancia G, Kreutz R, Brunstrom M, et al. 2023 ESH Guidelines for the management
of arterial hypertension The Task Force for the management of arterial hypertension
of the European Society of Hypertension: Endorsed by the International Society
of Hypertension (ISH) and the European Renal Association (ERA). J Hypertens.
2023;41:1874-2071. [CrossRef]

Li P, Wang Y, Liang |, et al. Takotsubo syndrome and respiratory diseases: a systematic
review. Eur Heart | Open. 2022;2:0eac009. [CrossRef]

Yalta K, Yalta T, Gurdogan M, et al. Cardiac Biomarkers in the Setting of Asthma
Exacerbations: a Review of Clinical Implications and Practical Considerations. Curr
Allergy Asthma Rep. 2020;20:17. [CrossRef]

Kotsiou OS, Douras A, Makris D, Mpaka N, Gourgoulianis KI. Takotsubo cardiomyopathy:
A known unknown foe of asthma. J Asthma. 2017;54:880-886. [CrossRef]

Khwaja YH, Tai JM. Takotsubo cardiomyopathy with use of salbutamol nebulisation
and aminophylline infusion in a patient with acute asthma exacerbation. BM/ Case Rep.
2016;2016:bcr2016217364. [CrossRef]

Madias JE. If channel blocker ivabradine vs. B-blockers for sinus tachycardia in patients
with takotsubo syndrome. Int J Cardiol. 2016;223:877-878. [CrossRef]

Wittstein 1S, Thiemann DR, Lima JA, et al. Neurohumoral features of myocardial
stunning due to sudden emotional stress. N Engl | Med. 2005;352:539-548. [CrossRef]
Ashdown B, Hynes EC. Thyroid Storm-induced Takotsubo Cardiomyopathy Presenting as
Acute Chest Pain: A Case Report. Clin Pract Cases Emerg Med. 2021;5:399-402. [CrossRef]
Eliades M, El-Maouche D, Choudhary C, Zinsmeister B, Burman KD. Takotsubo
cardiomyopathy associated with thyrotoxicosis: a case report and review of the
literature. Thyroid. 2014;24:383-389. [CrossRef]

Falcetta P, Orsolini F, Molinaro E, Vitti P, Tonacchera M. Tako-tsubo Syndrome as First
Manifestation in a Case of Pheochromocytoma Developed From a Non-functional
Adrenal Incidentaloma. Front Endocrinol (Lausanne). 2020;11:51. [CrossRef]

Miinzel T, Knorr M, Schmidt F, von Bardeleben S, Gori T, Schulz E. Airborne disease:
a case of a Takotsubo cardiomyopathie as a consequence of nighttime aircraft noise
exposure. Eur Heart J. 2016;37:2844. [CrossRef|

Nakano Y, Ando H, Suzuki W, et al. Impact of ivabradine in decompensated heart
failure due to cancer therapy-related cardiac dysfunction. Clin Case Rep. 2021;9:e04133.
[CrossRef]

De Ferrari GM, Mazzuero A, Agnesina L, et al. Favourable effects of heart rate reduction
with intravenous administration of ivabradine in patients with advanced heart failure.
Eur | Heart Fail. 2008;10:550-555. [CrossRef]

Chiu MH, Howlett JG, Sharma NC. Initiation of ivabradine in cardiogenic shock. ESC
Heart Fail. 2019;6:1088-1091. [CrossRef]

Datta PK, Rewari V, Ramachandran R, et al. Effectiveness of enteral ivabradine for
heart rate control in septic shock: A randomised controlled trial. Anaesth Intensive Care.
2021;49:366-378. [CrossRef]

Celeski M, Nusca A, De Luca VM, et al. Takotsubo Syndrome and Coronary Artery
Disease: Which Came First-The Chicken or the Egg? J Cardiovasc Dev Dis. 2024;11:39.
[CrossRef]

Tota F, Ruggiero M, Sassara M, et al. Subacute stent thrombosis and stress-induced
cardiomyopathy: trigger or consequence? Am | Cardiovasc Dis. 2013;3:175-179.
[CrossRef]

Omerovic E. Takotsubo Syndrome-Scientific Basis for Current Treatment Strategies.
Heart Fail Clin. 2016;12:577-586. [CrossRef|

Balkan Med J, Vol. 41, No. 6, 2024

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

10

=

102.

103.

104.

10

106.

107.

108.

109.

v

Yalta et al. Practical Challenges in Takotsubo Syndrome

Singh T, Khan H, Gamble DT, Scally C, Newby DE, Dawson D. Takotsubo Syndrome:
Pathophysiology, Emerging Concepts, and Clinical Implications. Circulation.
2022;145:1002-1019. [CrossRef]

Haller PM, Kazem N, Agewall S, et al. Oral anticoagulation in patients with left
ventricular thrombus: a systematic review and meta-analysis. Eur Heart | Cardiovasc
Pharmacother. 2024;10:444-453. [CrossRef]

Kovdcs KB, Bencs V, Huddk L, Oldh L, Csiba L. Hemorrhagic Transformation of Ischemic
Strokes. Int | Mol Sci. 2023;24:14067. [CrossRef]

Zhang J, Yang Y, Sun H, Xing Y. Hemorrhagic transformation after cerebral infarction:
current concepts and challenges. Ann Transl Med. 2014;2:81. [CrossRef]

Goldstein JN, Greenberg SM. Should anticoagulation be resumed after intracerebral
hemorrhage? Cleve Clin | Med. 2010;77:791-799. [CrossRef]

Dogan G, Mariani S, Hanke JS, et al. Left ventricular assist device implantation in
patients with left ventricular thrombus. Artif Organs. 2021;45:1006-1013. [CrossRef]
Bravo CA, Fried JA, Willey JZ, et al. Presence of Intracardiac Thrombus at the Time
of Left Ventricular Assist Device Implantation Is Associated With an Increased Risk of
Stroke and Death. / Card Fail. 2021;27:1367-1373. [CrossRef]

Isogai T, Matsui H, Tanaka H, Makito K, Fushimi K, Yasunaga H. Incidence, management,
and prognostic impact of arrhythmias in patients with Takotsubo syndrome: a
nationwide retrospective cohort study. Eur Heart | Acute Cardiovasc Care. 2023;12:834-
846. [CrossRef]

Del Buono MG, Damonte JI, Moroni F, et al. QT Prolongation and In-Hospital Ventricular
Arrhythmic Complications in Patients With Apical Ballooning Takotsubo Syndrome.
JACC Clin Electrophysiol. 2022;8:1500-1510. [CrossRef]

Stiermaier T, Rommel KP, Eitel C, et al. Management of arrhythmias in patients with
Takotsubo cardiomyopathy: Is the implantation of permanent devices necessary? Heart
Rhythm. 2016;13:1979-1986. [CrossRef]

Jesel L, Berthon C, Messas N, et al. Ventricular arrhythmias and sudden cardiac arrest
in Takotsubo cardiomyopathy: Incidence, predictive factors, and clinical implications.
Heart Rhythm. 2018;15:1171-1178. [CrossRef]

Scally C, Rudd A, Mezincescu A, et al. Persistent Long-Term Structural, Functional,
and Metabolic Changes After Stress-Induced (Takotsubo) Cardiomyopathy. Circulation.
2018;137:1039-1048. [CrossRef]

Yalta T, Yalta K. Systemic Inflammation and Arrhythmogenesis: A Review of Mechanistic
and Clinical Perspectives. Angiology. 2018;69:288-296. [CrossRef]

Méller C, Eitel C, Thiele H, Eitel I, Stiermaier T. Ventricular arrhythmias in patients with
Takotsubo syndrome. J Arrhythm. 2018;34:369-375. [CrossRef]

Stiermaier T, Eitel C, Denef S, et al. Prevalence and Clinical Significance of Life-
Threatening Arrhythmias in Takotsubo Cardiomyopathy. /| Am Coll Cardiol.
2015;65:2148-2150. [CrossRef]

Koh Y, Voskoboinik A, Neil C. Arrhythmias and Their Electrophysiological Mechanisms
in Takotsubo Syndrome: A Narrative Review. Heart Lung Circ. 2022;31:1075-1084.
[CrossRef]

. Stiermaier T, Moeller C, Oehler K, et al. Long-term excess mortality in takotsubo

cardiomyopathy: predictors, causes and clinical consequences. Eur | Heart Fail.
2016;18:650-656. [CrossRef]|

Gili S, Cammann VL, Schlosshauer SA, et al. Cardiac arrest in takotsubo syndrome:
results from the InterTAK Registry. Eur Heart J. 2019;40:2142-2151. [CrossRef]

Moady G, Atar S. Takotsubo Syndrome During the COVID-19 Pandemic: State-of-the-Art
Review. CJC Open. 2021;3:1249-1256. [CrossRef]

Lu X, Teng C, Cai P, et al. Takotsubo Syndrome in Patients With COVID-19: A Systematic
Review. (JC Open. 2024;6:818-825. [CrossRef]

Kounis NG. Attack the ATAK : “olg 6 Bedg ouvéleuge, BvBpwmog i xwpZétw” (ous o
theos synezeuxe anthropos me horizeto) “what therefore God hath joined together, let
not man put asunder”. Int | Cardiol. 2016;203:960-961. [CrossRef]|

Kounis NG, Mplani V, de Gregorio C, Koniari |. Attack the ATAK; A Challenging
Contemporary Complex: Pathophysiologic, Therapeutic, and Preventive Considerations.
Balkan Med |. 2023;40:308-311. [CrossRef]

Desai R, Singh S, Kounis NG, Sachdeva R, Kumar G. Epidemiology of Takotsubo
syndrome associated with Kounis syndrome in the United States. Int J Cardiol.
2020;310:32. [CrossRef]

Madias JE. Is Pheochromocytoma-Induced Takotsubo Different From Typical Takotsubo
Syndrome? Am J Cardiol. 2024;211:378-379. [CrossRef]

De Angelis E, Bochaton T, Ammirati E, et al. Pheochromocytoma-induced cardiogenic
shock: A multicentre analysis of clinical profiles, management and outcomes. Int J
Cardiol. 2023;383:82-88. [CrossRef]


https://doi.org/10.1016/S1607-551X(09)70266-9
https://doi.org/10.1016/j.repc.2016.08.004
https://doi.org/10.1016/j.amjcard.2016.03.019
https://doi.org/10.1097/MD.0000000000004846
https://doi.org/10.1186/s12902-020-00578-5
https://doi.org/10.7759/cureus.5711
https://doi.org/10.1177/1074248417708618
https://doi.org/10.1097/HJH.0000000000003480
https://doi.org/10.1093/ehjopen/oeac009
https://doi.org/10.1007/s11882-020-00909-5
https://doi.org/10.1080/02770903.2016.1276586
https://casereports.bmj.com/content/2016/bcr-2016-217364.citation-tools
https://doi.org/10.1016/j.ijcard.2016.08.281
https://doi.org/10.1056/NEJMoa043046
https://doi.org/10.5811/cpcem.2021.4.52005
https://doi.org/10.1089/thy.2012.0384
https://doi.org/10.3389/fendo.2020.00051
https://doi.org/10.1093/eurheartj/ehw314
https://doi.org/10.1002/ccr3.4133
https://doi.org/10.1016/j.ejheart.2008.04.005
https://doi.org/10.1002/ehf2.12499
https://doi.org/10.1177/0310057X211009913
https://doi.org/10.3390/jcdd11020039
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3751684/
https://doi.org/10.1016/j.hfc.2016.06.008
https://doi.org/10.1161/CIRCULATIONAHA.121.055854
https://doi.org/10.1093/ehjcvp/pvae042
https://doi.org/10.3390/ijms241814067
https://doi.org/10.3978/j.issn.2305-5839.2014.08.08
https://doi.org/10.3949/ccjm.77a.10018
https://doi.org/10.1111/aor.13963
https://doi.org/10.1016/j.cardfail.2021.06.011
https://doi.org/10.1093/ehjacc/zuad110
https://doi.org/10.1016/j.jacep.2022.08.010
https://doi.org/10.1016/j.hrthm.2016.06.013
https://doi.org/10.1016/j.hrthm.2018.04.002
https://doi.org/10.1161/CIRCULATIONAHA.117.031841
https://doi.org/10.1177/0003319717709380
https://doi.org/10.1002/joa3.12029
https://doi.org/10.1016/j.jacc.2015.02.062
https://doi.org/10.1016/j.hlc.2022.03.010
https://onlinelibrary.wiley.com/doi/10.1002/ejhf.494
https://doi.org/10.1093/eurheartj/ehz170
https://doi.org/10.1016/j.cjco.2021.05.011
https://doi.org/10.1016/j.cjco.2024.03.004
https://www.internationaljournalofcardiology.com/article/S0167-5273(15)30896-2/abstract
https://doi.org/10.4274/balkanmedj.galenos.2023.2023-4-96
https://doi.org/10.1016/j.ijcard.2020.01.062
https://doi.org/10.1016/j.amjcard.2023.10.085
https://doi.org/10.1016/j.ijcard.2023.05.004

Yalta et al. Practical Challenges in Takotsubo Syndrome 441

110. Rudd AE, Horgan G, Khan H, et al. Cardiovascular and Noncardiovascular Prescribing 117. Itoh T, Toda N, Yoshizawa M, et al. Impact of the Great East Japan Earthquake and
and Mortality After Takotsubo Comparison With Myocardial Infarction and General Tsunami on the Incidence of Takotsubo Syndrome Using a Multicenter, Long-Term
Population. JACC Adv. 2024;3:100797. [CrossRef] Regional Registry. Circ J. 2021;85:1834-1839. [CrossRef]

111. Santoro F, Sharkey S, Citro R, et al. Beta-blockers and renin-angiotensin system 118. Madias JE. Insulin and short acting iv beta blockers: A “new” proposal for the acute
inhibitors for Takotsubo syndrome recurrence: a network meta-analysis. Heart. management of takotsubo syndrome. Int J Cardiol. 2021;334:18-20. [CrossRef]
2024;110:476-481. [CrossRef] 119. Madias JE. Insulin and takotsubo syndrome: plausible pathophysiologic, diagnostic,

112. Raposeiras-Roubin S, Nifiez-Gil 1), Jamhour K, et al. Long-term prognostic impact of prognostic, and therapeutic roles. Acta Diabetol. 2021;58:989-996. [CrossRef]
beta-blockers in patients with Takotsubo syndrome: Results from the RETAKO Registry. 120. Oras J, Redfors B, Ali A, et al. Early treatment with isoflurane attenuates left ventricular
Rev Port Cardiol. 2023;42:237-246. [CrossRef] dysfunction and improves survival in experimental Takotsubo. Acta Anaesthesiol Scand.

113. Citro R, Radano 1, Bellino M, et al. Epidemiology, Pathogenesis, and Clinical Course of 2017;61:399-407. [CrossRef]

Takotsubo Syndrome. Heart Fail Clin. 2022;18:125-137. [CrossRef] 121. Redfors B, Oras J, Shao Y, Seemann-Lodding H, Ricksten SE, Omerovic E. Cardioprotective

114. Ahmed T, Lodhi SH, Haigh PJ, Sorrell VL. The many faces of takotsubo syndrome: A effects of isoflurane in a rat model of stress-induced cardiomyopathy (takotsubo). Int /
review. Curr Probl Cardiol. 2024;49:102421. [CrossRef] Cardiol. 2014;176:815-821. [CrossRef]

115. Kardas F, Kaya (, Yalta K. Earthquakes and Acute Cardiovascular Conditions: A Focus on
Takotsubo Syndrome. Balkan Med J. 2023;40:312-313. [CrossRef]

116. Sato M, Fujita S, Saito A, et al. Increased incidence of transient left ventricular apical

ballooning (so-called ‘Takotsubo’ cardiomyopathy) after the mid-Niigata Prefecture
earthquake. Circ J. 2006;70:947-953. [CrossRef]

Balkan Med J, Vol. 41, No. 6, 2024


https://doi.org/10.1016/j.jacadv.2023.100797
https://doi.org/10.1136/heartjnl-2023-322980
https://doi.org/1016/j.repc.2022.02.010
https://doi.org/10.1016/j.hfc.2021.08.001
https://doi.org/10.1016/j.cpcardiol.2024.102421
https://doi.org/10.4274/balkanmedj.galenos.2023.2023-6-46
https://doi.org/10.1253/circj.70.947
https://doi.org/10.1253/circj.CJ-20-1044
https://doi.org/10.1016/j.ijcard.2021.04.033
https://doi.org/10.1007/s00592-021-01709-7
https://doi.org/10.1111/aas.12861
https://doi.org/10.1016/j.ijcard.2014.08.025



