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Abstract: Symptoms of takotsubo syndrome (TTS) include acute and transient regional
systolic dysfunction of the left ventricle, as well as a variety of wall-motion abnormalities.
The clinical features of TTS, including initial symptoms, cardiac biomarkers, and electro-
cardiogram (ECG) changes, are similar to those of acute coronary syndrome, with the
exception that TTS patients typically have no obstructive coronary artery disease. TTS
primarily affects elderly women, and emotional or physical stress is a common cause of
the disease. Exaggerated sympathetic stimulation associated with dysfunction of the limbic
system has also been reported to be related to TTS occurrence. Cancer also induces emo-
tional and physical stress. Therefore, optimization of TTS care should involve cardiac,
neurological, psychiatric, and oncological approaches. The first step in optimizing TTS
care is to diagnose it by cardiac means. Multimodality imaging, including ECG, echocardio-
gram, angiography, ventriculography, and cardiac magnetic resonance imaging, is indispen-
sable for diagnosis, therapy management, and the evaluation of prognosis in the acute and
chronic phases of TTS. The current cardiac approach during the acute phase is primarily
supportive, with the goal of preventing life-threatening complications. As central nervous
system diseases frequently trigger TTS, a neurological approach is also required. Appropriate
psychiatric medication may reduce the risk of TTS recurrence, as not only psychiatric
disorders themselves but also psychiatric medications can be the trigger for TTS. Several
conditions are associated with TTS, including the novel coronavirus disease 2019. We
present current knowledge of TTS in this review and describe how to optimize TTS care
through a multidisciplinary approach.

Keywords: cardiac approach, neurological approach, psychiatric approach, oncological
approach, limbic system, exaggerated sympathetic stimulation

Introduction
Takotsubo syndrome (TTS) was first described by Sato et al in 1990" and has also
been called stress cardiomyopathy, broken heart syndrome, apical ballooning syn-
drome, left ventricle (LV) apical ballooning syndrome, Takotsubo cardiomyopathy,
and transient apical ballooning syndrome. The name derives from the Japanese
fishing pot “Takotsubo,” which is used to trap octopuses and has a form similar to
the characteristic ballooning of the LV apex. Symptoms of TTS include acute and
transient regional systolic dysfunction of the LV, as well as a variety of wall-motion
abnormalities (WMAs).? The prognosis is generally considered to be favorable.
Although the clinical features—including initial symptoms, cardiac biomar-
kers, and electrocardiogram (ECG) changes—resemble those of acute coronary

syndrome (ACS), there is no obvious obstructive coronary artery disease
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explaining the severity of the LV systolic and diastolic
dysfunction. ECG and/or left ventriculography are com-
monly used to detect transient WMAs. The syndrome
primarily affects elderly women. Emotional or physical
stress® and central nervous system (CNS) diseases are
common triggers.* Although the etiology of TTS remains
unclear, exaggerated sympathetic stimulation, in associa-
tion with dysfunction of the limbic system, has been
reported to be related to TTS occurrence. Cancer also
induces emotional and physical stress and a recent study
demonstrated the strong association between TTS and
malignant diseases.” Therefore, TTS care optimization
should involve cardiac, neurological, psychiatric, and
oncological approaches. We present the current state of
TTS knowledge and describe a multidisciplinary approach
to optimize TTS care.

Epidemiology

A 2015 study reported that approximately 2% of patients
initially suspected as having ACS in fact had TTS, and most
of these cases were postmenopausal women aged >50 years.°
Another study found that up to 10% of female patients with
TTS were initially suspected of having ACS.” Schneider et al
reported that approximately 90% of patients with TTS were
middle-aged women, and approximately 80% were aged
above 50.° However, a more recent study by Topal et al
concluded that TTS affects adults, children, and newborns
alike, with no discernible sex differences.” On the other hand,
Templin et al reported that the etiology of TTS in women is
more likely to involve emotional stress, while that in men is
more likely to involve physical stress.” Compared with
younger patients, elderly patients with TTS tend to show
poor outcomes caused by stroke, severe arrhythmias, acute
heart failure, and cardiogenic shock.'® Moreover, many
younger patients have nonapical anatomical variants and
severe LV dysfunction."!

Singh et al discovered that TTS recurs within 6 months in
1.2% of patients and within 6 years in nearly 5%.'* El-
Battrawy et al analyzed the data from a multicenter registry
and found that the TTS recurrence rate was approximately
4%."% Kato et al analyzed the International Takotsubo
(InterTAK) Registry and concluded that neurological and
psychiatric diseases are predictors of TTS recurrence.'
Other possible predictors of TTS recurrence include
hypertension'® and chronic obstructive pulmonary disease
(COPD)'” are also possible predictors of TTS recurrence.

Pathogenic Mechanisms

Although the precise pathophysiological mechanisms of
TTS are unknown, significant evidence suggests exag-
gerated sympathetic stimulation is involved.'® TTS is
frequently preceded by physical and emotional stress.”
Causes  of  catecholamine  excess, such as
pheochromocytoma,'” CNS disorders,'® and hyperactiv-
ity in specific cerebral regions, have been associated
with this disease.'” In addition, intravenous catechola-
mine B-receptor agonist administration can cause TTS
symptoms and various ballooning patterns.”® A previous
study showed that the catecholamine levels are more
elevated in patients with TTS triggered by emotional
stress than in patients with myocardial infarction
(MI).?" In addition, Kume et al discovered that patients
with TTS have high norepinephrine levels in the coron-
ary sinus, which would reflect an increase of myocardial
catecholamines.”” In a study by Ortak et al, the cardiac
parasympathetic activity markedly declined in patients
with acute phase TTS, followed by autonomic modula-
tion recovery between the subacute and chronic
phases.”® According to a previous study with single-

tomography (SPECT),
1231

photon emission computed
patients with TTS showed cardiac uptake of the
metaiodobenzylguanidine (MIBG) uptake in the akinetic
LV apex, with almost normal perfusion within this
%"Te-MIBI  SPECT.*

Therefore, exaggerated sympathetic stimulation may

region assessed by the
have a great impact on the pathogenic mechanisms
of TTS.

As mentioned above, exaggerated sympathetic stimula-
tion is crucial for the pathogenic mechanisms of TTS.
However, the mechanism by which exaggerated sympa-
thetic stimulation causes myocardial stunning in various
regional ballooning patterns that characterize TTS remains
unclear. Researchers have proposed several hypotheses,
such as activation of myocardial survival pathways, cate-
cholamine toxicity on cardiomyocytes, microcirculatory
dysfunction, multivessel epicardial spasm, inflammation,
and plaque rupture.'® Considering the high occurrence rate
of TTS in postmenopausal females, estrogen deficiency
may be an important factor for the pathophysiology of
TTS. Previous studies showed that estrogens reduce men-
tal stress* and catecholamine-induced vasoconstriction.*®
However, there were no evidence of correlation between
estrogen levels and TTS.?” Clearly, further studies will be
needed to elucidate the etiology of TTS.

2488 "

Dove!

Journal of Multidisciplinary Healthcare 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Kinno and Ono

Optimizing Care with

a Multidisciplinary Approach
Optimizing Care with a Cardiac
Approach

The first step in optimizing care is to diagnose TTS accu-
rately via a cardiac approach. Multimodality imaging,
including ECG, echocardiogram, angiography, ventriculo-
graphy, and cardiac magnetic resonance (CMR) imaging,
is indispensable for accurate diagnosis, management of
therapy, and evaluation of prognosis. The diagnosis of
TTS should be comprehensive; it should include diagnos-
tic criteria and multimodality imaging.

ECG Findings

Increased heart rate, ST-segment elevation, and long QTc
are the common ECG findings of TTS.? Kurisu et al
examined the temporal features of ECG of patients with
TTS,*® and reported the following ECG features: (1) the
normalization of ST-segment changes within 3 days; (2)
the persistence of ECG changes; (3) the similarity of
temporal features of the ECG to those of patients with
minimal acute MI (AMI), and (4) patients with TTS
showed deeper T-wave inversion and a longer QTc interval
than patients with the minimal AMI group during the acute
phase. Thus, the temporal changes in ECG in patients with
TTS resemble those in patients with AMI. Physicians must
take care to differentiate these cardiac disorders for effec-
tive patient management.

Biomarkers

Two types of biomarkers, namely, natriuretic peptides and
cardiac myonecrosis markers, are commonly used for TTS
diagnosis. At the time of diagnosis, the levels of plasma
B-type natriuretic peptide (BNP)* or its precursor
N-terminal pro-BNP (NT-proBNP)*° are often high in
patients with TTS. In contrast, patients with TTS typically
show lower levels of the cardiac myonecrosis biomarkers
cardiac troponin and creatine kinase-MB (CKMB) than
patients with AMI, as tissue necrosis is mild or absent in
patients with TTS.*! Relations between these biomarkers,
including the troponin T/CKMB ratio,”> BNP/troponin
I ratio,> and NT-pro-BNP/troponin T ratio,>* may be
useful for the differential diagnosis of TTS. However, in
some cases, there are no significant differences in troponin
levels between patients with TTS and patients with AMI.
Moreover, in TTS, the degree of angiographic myocardial
of biomarker

dysfunction differs from the extent

elevation.®” Several other novel markers, such as copeptin,

ischemic modified albumin, soluble lectin-like oxidized
low density lipoprot receptor-1, and soluble suppression
of tumorigenicity-2, may be possible biomarkers for
TTS.*

Echocardiography
Most patients with suspected TTS initially undergo
a transthoracic echocardiogram.®” This helps to detect the
apical-midventricular ballooning and the WMA patterns.
The echocardiogram also provides helpful information
about contractile function and complications, including
LV outflow tract obstruction (LVOTO; intraventricular
gradient > 25 mmHg), LV thrombi, pericardial effusion,
reversible moderate-to-severe mitral regurgitation, and
right ventricular (RV) involvement. The RV involvement,
though transient, leads to longer hospitalization and hemo-
dynamic instability.>®

Contrast echocardiography is used to obtain accurate
information on wall motion (apical, midventricular, or
basal ballooning) and the existence of intraventricular
thrombus in patients with a poor acoustic window.’” In
addition, 3D echocardiography is useful for quantifying
chamber measurements, with higher accuracy and repro-
ducibility than 2D echocardiography.®® Compared with 2D
echocardiography, 3D echocardiography provides more
detailed information regarding the regional WMAs.*
Moreover, 3D echocardiography may be useful for detect-
ing the RV involvement, even in the acute phase. Finally,
strain imaging using speckle tracking echocardiography
may help assess the severity of RV involvement.*'

Angiography and Ventriculography
As mentioned above, differentiating TTS from AMI is
difficult, as the two conditions have similar clinical fea-
tures, including the clinical course, ECG, and cardiac
biomarkers.*> Compared to patients with AMI, most
patients with TTS have higher troponin levels but similar
ECG findings.> Moreover, patients with TTS frequently
have coronary artery disease; this coexistence often leads
to adverse outcomes,”® but the coronary arteries of these
patients often show almost normal findings. Therefore,
early examination of the coronary arteries by angiography
is important in order to exclude the possibility of ACS.
Echocardiography and left ventriculography are useful in
assessing regional WMAs.'® All patients with suspected
TTS should have LV ventriculography, since this modality
TTS during
catheterization.”’ Biplane left ventriculography can assess

can be wused to diagnose cardiac
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LV function and type of WMA, including by differentiating
four morphological patterns of TTS, ie, apical TTS, mid-
ventricular TTS, basal TTS, and focal TTS.*”**

CMR
CMR is used for the extensive assessment of structural and
functional alterations of cardiac tissues of patients with
TTS.* There are three CMR diagnostic criteria for TTS:
conventional regional WMAs; the existence of reversible
tissue injury (edema); and the absence of irreversible tis-
sue injury (late gadolinium enhancement) when signal
intensity thresholds of 5 standard deviations are applied.
The further merit of CMR is that it provides useful
information regarding the differential diagnosis (MI and
myocarditis), it provides pathophysiological information,
and it can detect complications (eg, LV thrombi) for the
managements of patients with TTS. CMR should be per-
formed in the acute phase for patients with suspected TTS.
In particular, it should be done if another type of MI with
nonobstructive coronary arteries (eg, myocarditis) is sus-
pected, and a different cardiac approach is required. In the
chronic phase, all patients with TTS should be examined
by CMR within 2 months, especially if abnormalities of
ECG and/or echocardiographic findings persist, because
such clinical courses are not typical of TTS.

Diagnostic Criteria for TTS

Currently, no single universally accepted diagnostic cri-
teria are available for TTS; thus, several criteria have been
proposed for diagnosing TTS. Among these criteria, the
Mayo Clinic diagnostic criteria are perhaps the most well-
established (Box 1).*> The Heart Failure Association diag-

nostic criteria for TTS are also well known (Box 2).*¢47

Another set of criteria, the InterTAK diagnostic criteria®’
incorporate several different aspects of TTS as follows: (i)
RV and other atypical WMAs are involved; (i) TTS is not
necessarily accompanied by emotional or physical stress;
(iii) potential triggers for TTS are neurological disorders
and pheochromocytoma; and (iv) the coexistence of cor-
onary artery disorder and TTS has been established
(Box 3).

Moreover, the InterTAK Diagnostic Score is a clinical
scoring method used to assess the probability of TTS and
to differentiate TTS from ACS in the acute phase.*® Based
on the ECG findings and clinical course; this score con-
sists of the following indices: female sex (25 points);
emotional stress (24 points); physical stress (13 points);
absence of ST-segment depression (12 points); acute,

Box | Mayo Clinic Criteria for TTS

|. Transient hypokinesis, akinesis, or dyskinesis of the LV midsegments
with or without apical involvement; the regional WMAs extend
beyond a single epicardial vascular distribution; a stressful trigger is

often but not always present.

2. Absence of obstructive coronary disease or angiographic evidence

of acute plaque rupture.

3. New ECG abnormalities (either ST-segment elevation and/or

T-wave inversion) or modest elevation in cardiac troponin.

4. Absence of pheochromocytoma and myocarditis.

Notes: Reprinted from Am Heart J. 155(3), 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(3):408-417, Copyright (2008), with
permission from Elsevier.*?

Abbreviations: ACS, acute coronary syndrome; ECG, electrocardiography; LV, left
ventricular, TTS, Takotsubo syndrome; WMA, wall motion abnormality.

Box 2 Heart Failure Association Diagnostic Criteria for TTS

I. Transient regional WMAs of the LV or RV myocardium that are
frequently, but not always, preceded by a stressful trigger (emotional

or physical).

2. The regional WMAs usually extend beyond a single epicardial
vascular distribution and often result in circumferential dysfunction of

the ventricular segments involved.

3. Absence of atherosclerotic coronary artery diseases including
acute plaque rupture, thrombus formation, and coronary dissection
or other pathological conditions, that explain the pattern of
temporary LV dysfunction observed (eg, hypertrophic
cardiomyopathy, viral myocarditis).

4. New and reversible ECG abnormalities (ST-segment elevation, ST
depression, LBBB, T-wave inversion, and/or long QTc) occur during

the acute phase (3 months).

5. Serum BNP or NT-proBNP levels are significantly elevated during
the acute phase.

6. Cardiac troponin measured by a conventional assay is positive but
at a relatively small elevation (ie, disparity between the troponin level
and the amount of dysfunctional myocardium present).

7. Recovery of ventricular systolic function on cardiac imaging at

follow-up (3—6 months).

Notes: Reprinted from 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 | Heart Fail. 2016;18(1):8-27. © 2015 The Authors European
Journal of Heart Failure © 2015 European Society of Cardiology. *
Abbreviations: ECG, electrocardiography; LBBB, left bundle branch block; LV, left
ventricle; RV, right ventricle; TTS, Takotsubo syndrome; WMA, wall motion
abnormality.
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Box 3 International Takotsubo Diagnostic Criteria (InterTAK
Diagnostic Criteria)

|. Patients show transient LV dysfunction (hypokinesia, akinesia, or
dyskinesia) presenting as apical ballooning or midventricular, basal, or
focal WMAs. RV involvement can be present. Aside from these
regional wall-motion patterns, transitions between all types can exist.
The regional WMA usually extends beyond a single epicardial vascular
distribution; however, rare cases can exist wherein the regional WMA
is present in the subtended myocardial territory of a single coronary
artery (focal TTS).

2. An emotional, physical, or combined stress can precede the TTS

event but is not obligatory.

3. Neurological disorders as well as pheochromocytoma may serve as
triggers of TTS.

4. New ECG abnormalities are present (ST-segment elevation, ST-
segment depression, T-wave inversion, and QTc prolongation);

however, rare cases exist without any ECG changes.

5. The levels of cardiac biomarkers (troponin and creatine kinase) are
moderately elevated in most cases; significant elevation of brain

natriuretic peptide is common.

6. Significant coronary artery disease is not a contradiction in TTS.

7. Patients have no evidence of infectious myocarditis.

8. Postmenopausal women are predominantly affected.

Note: Reprinted from 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(22):2032-2046.

Creative Commons license and disclaimer available from http://creativecommons.

orgllicenses/by-nc/4.0/.2”

Abbreviations: ECG, electrocardiography; TTS, Takotsubo syndrome; WMAs,
wall motion abnormalities.

former, or chronic psychiatric disorder (11 points); acute,
former, or chronic neurological disorders (9 points); and
long QTc (6 points). Patients with InterTAK scores of > 50
or < 31 were almost always correctly diagnosed as having
TTS or ACS, respectively.*®

Recommended Cardiac Approach for Acute-Phase
TTS

Although TTS is considered benign, 21.8% of patients develop
serious complications in the hospital.” Kato et al demonstrated
that 40% of patients have in-hospital cardiac complications,
including pulmonary edema and cardiogenic shock.* The
current cardiac approach during the acute phase is thus primar-
ily supportive, with the goal of preventing life-threatening
complications.”® Patients with long QTc should undergo
ECG monitoring because they are at high risk for ventricular

arrhythmias;”" therefore, ECG monitoring for at least one day
is mandatory for all patients with TTS. Diagnosed TTS patients
should be given supportive pharmacological treatment (eg, -
blockers, diuretics, anticoagulants, antiarrhythmics, and non-
catecholamine  inotropes such as  levosimendan).
Nonpharmacological support may include mechanical circula-
tory and respiratory support, depending on the grade of heart
failure and concomitant complications. Among forms of
mechanical circulatory support, intraaortic balloon pumps
should not be used unless LVOTO has been ruled out.

If hemodynamically significant LVOTO is present,
there may be hypercontractility of the basal segments, in
which case inotropic drugs should be immediately stopped
in order to avoid further obstruction. Short-acting intrave-
nous B-blockers should be considered when patients have
no severe heart failure. Esmolol, a cardioselective-1
blocker with a short half-life (9 minutes), may be
a simple treatment option for patients with TTS and
LVOTO. Santoro et al found in a case series of 10 patients
with TTS and LVOTO that esmolol infusion ameliorated
the reductions in intraventricular gradient and systemic
blood pressure.’® Experimental data showed a high-
density of B2-adrenergic receptors in the apical and mid-
ventricular segments of the LV, and a high-density of
Bl-adrenergic receptors in the basal LV segments.””

Conversely, when there is cardiogenic shock without
LVOTO, catecholamines (ie, inotropes) can be used to
maintain pressure. Levosimendan, a catecholamine-sparing

positive inotrope, may be a useful alternative,>*

although
there is limited evidence supporting its use. Mechanical
support should be considered early in the treatment of
patients whose cardiac output is low. A microaxial blood
pump may help as it has the advantage of not increasing the
afterload.” If there are no contraindications, patients with
refractory shock may require extracorporeal life support or
a temporary LV assist device. The use of standard cardiac
approaches to reduce preload in TTS patients with conges-
tive heart failure (eg, diuretics and nitroglycerine) should be
carefully considered. There is no positive evidence to sup-
port the routine use of B-blockers for the management of
TTS during the acute phase.>

A serious complication of TTS is intraventricular
thrombus. It is seen in patients with severe WMAs and
low LV ejection fraction (LVEF);*~° nearly 25% of
with TTS this
Prophylactic anticoagulation should be considered for all

patients suffer from complication.

patients with TTS to prevent LV apical thrombus
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Table | Important Signs in TTS Patients Indicating a Need for Consultation with Specialists

Specialist Acute Phase Chronic Phase
Consulted
Neurologist Acute stroke symptoms; Seizure Memory deficits

Psychiatrist Preexisting psychiatric illness; Taking psychiatric

medication

No apparent physical and emotional stress before onset; Psychiatric

symptoms

Oncologist Past history of chemotherapy

Positive for screening test of cancer

Other specialists COVID-19

Remarkable past history

Notes: Remarkable past history includes COPD, asthma, a pulmonary circulatory disorder, hyper- or hypothyroidism, alcohol abuse, drug abuse, surgery, chronic connective
tissue disease, chronic liver disease, chronic kidney disease, sexual intercourse,98 and pregnancy.

Abbreviation: COVID-19, coronavirus disease 2019.

formation.’”>® A recent study demonstrated that the
InterTAK Thrombus Risk Score (Table 1) is a useful tool
to assess the risk for thrombus formation for patients with
TTS.* This score consists of the following indices: apical
type TTS (1.5 points); previous vascular disease (1.5
points); LVEF < 30% on admission (1.5 points); and
white blood cell counts on admission > 10,000 cells/uL
(1 point). Patients with an InterTAK Thrombus Risk Score
of > 3 are considered to be at high risk of thrombus
formation.

Madias et al reported that nearly 9% of their patients with
TTS had torsades de pointes or ventricular fibrillation, and
long QTc was significantly correlated with ventricular
arrhythmia occurrence.’’ Temporary cardiac pacing at
a high rate® or intravenous magnesium®' has been reported
to be effective in preventing ventricular fibrillation recur-
rence. The need for an implantable cardioverter-defibrillator
(ICD) for ventricular arrhythmia prevention in the acute
phase remains unconfirmed; however, considering the rever-
sible nature of TTS, ICD therapy may not be required.

Recommended Cardiac Approach for Chronic-Phase
TTS

To date, the effectiveness of renin-angiotensin system inhibi-
tors (RASI) such as angiotensin-converting enzyme inhibitors
or angiotensin II receptor blockers remains controversial.
Templin et al showed that the use of RASi improved survival
during the chronic phase.” In a meta-analysis by Singh et al,
some of the studies found that RASi showed benefit.'* These
findings could be explained by a decrease in sympathetic
activity via the RAS or an anti-inflammatory effect on the
myocardium. On the other hand, Santoro et al found that RASi
had no beneﬁt,(’2 while Brunetti et al showed that RASi had
benefit only when associated with a B-blocker.®® Recent

multicenter studies showed that RASi had no benefit'*'*
even when used in combination with a p-blocker."?

In addition, B-blockers may help to protect against
catecholamine surges following stressful triggers. Indeed,
B-blockers are a common discharge medication for TTS
patients. However, there is no conclusive evidence regard-
ing the effectiveness of [B-blockers on mortality in the
chronic-phase.” Two meta-analyses also showed that p-
had no effect TTS
recurrence.'>%? Hence, the effects of p-blockers during

blockers preventive against
the chronic-phase might be more restrictive than expected.

In regard to the pathogenesis of TTS, the idea of using
estrogen supplements to prevent recurrence is an intriguing
one. However, no studies have investigated this. At the pre-
sent time, estrogen supplementation is not recommended, as

there is an increased risk for venous thromboembolism.

Optimizing Care with a Neurological

Approach

TTS is frequently triggered by CNS diseases.”* Ischemic
stroke, subarachnoid hemorrhage, and seizures are the best-
known causes of TTS.'® Meanwhile, amyotrophic lateral
sclerosis, encephalopathy syndrome, intracerebral bleeding,
migraine, posterior reversible encephalitis/meningitis, and
traumatic injury are rare triggers of TTS.* In one case report,
TTS was triggered by a possible limbic encephalopathy
caused by high-grade B-cell lymphoma.®* We have also
recently reported a patient with TTS associated with auto-
nomic limbic encephalitis.®® Thus, neurological disorders are
clearly associated with TTS occurrence.

Dysfunction of the Limbic System
While there is strong evidence to support the involvement of
the brain—heart axis in TTS, the pathological mechanism of
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C Before treatment

D After treatment

Figure | TTS following autoimmune limbic encephalitis. (A and B) Left ventriculographic findings. The diastole (A) and systole (B) images are shown. (C and D) MRI
findings. The initial MRI (C) revealed abnormal hyperintense areas (arrows) in the bilateral medial temporal lobes on the fluid-attenuated inversion recovery image (left).
Diffusion-weighted imaging (middle) and an apparent diffusion coefficient map (right) both revealed abnormal hyperintensity in these areas. The abnormalities were all

resolved in follow-up MRI (D).
Notes: Reproduced from Kakinuma Y, Kimura T, Sakae Y, Kubota S, Ono K, Kinno R. Takotsubo syndrome associated with autoimmune limbic encephalitis: a case report.

BMC Cardiovasc Disord. 2021;21(1):86. Creative Commons license and disclaimer available from: http://creativecommons.org/licenses/by/4.0/legalcode.®®
Abbreviation: MRI, magnetic resonance imaging.
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TTS remains poorly understood. It has been hypothesized
that exaggerated sympathetic stimulation plays a role in the
etiology of TTS.?! The limbic system consists of several
regions, such as the amygdala, cingulate cortex, hippocam-
pus, and insula, and this system may have a role in regulating
the autonomic nervous system.®” According to a functional
magnetic resonance imaging (MRI) study, patients with TTS
showed poor connectivity among the brain regions that are
important for autonomic functions, including the limbic
system.®® Recently, a rare case of midventricular TTS
(Figures 1A and B) was associated with autoimmune limbic
encephalitis.®> Before the onset of TTS, the patient exhibited
amnesia and topographical disorientation. Brain MRI
revealed hyperintense lesions in the bilateral temporal
regions, which were most visible during the fluid-
attenuated inversion recovery sequence (Figure 1C). Given
these findings, it is possible that exaggerated sympathetic
stimulation is caused by the limbic system dysfunction
resulting from autoimmune limbic encephalitis.

The relationship between the occurrence of TTS and
exaggerated sympathetic stimulation remains unclear; how-
ever, the spillover of stress-related neuropeptides may be
associated with this relationship.®” A complex interaction
between neocortical regions and the limbic system occurs
in response to stress by activating brainstem noradrenergic
neurons and stress-related neuropeptides (ie, the neuropep-
tide Y [NPY] produced by the arcuate nucleus in the
hypothalamus). These neuropeptides are stocked in the pre-
synaptic terminals of the postganglionic sympathetic system.
When they spill at the myocardium through both microvas-
cular dysfunction and/or direct catecholamine toxicity, myo-
cardial stunning could occur. Patients with TTS due to CNS
disease showed worse outcomes than those with TTS due to
an emotional trigger.”””" Thus, clarifying the role of limbic
system diseases in TTS is clinically important. Further work
is needed to confirm the link between the pathophysiology of
TTS and the brain—heart axis.

Recommended Neurological Approach for TTS

As mentioned above, neurological disorders are clearly asso-
ciated with TTS. Hence, the following neurological
approaches are recommended for patients with TTS.'®
First, every patient with ACS symptoms and an acute neuro-
logical disorder, such as subarachnoid hemorrhage, seizure,
or ischemic stroke, should be thoroughly evaluated for TTS.
The presence of acute stroke symptoms, including face
drooping, arm weakness, and speech difficulty, should be

checked in all patients with TTS (Table 1).

Echocardiography should be routinely performed in cases
with any of the following conditions: cardiac symptoms
that developed after a CNS event, the presence of ECG
dynamics, elevation of CK or troponin, or an MI-like appear-
ance. Second, blood MI parameters should be determined in
all patients with CNS disease accompanied by cardiac symp-
toms, and a routine ECG should be considered regardless of
the presence or absence of cardiac symptoms. CNS-triggered
TTS must be recognized because appropriate treatment can
improve the overall outcome of these patients. The under-
lying neurological disorder may also improve with adequate
TTS treatment. In the chronic phase, all patients should be
checked for their memory functions, as memory deficit is
often overlooked in the acute phase and is possible sign of
limbic encephalitis. If the patients have memory deficits,
a neurologist should be consulted.

Moreover, appropriate treatment for neurological disorders
may contribute to the management of TTS recurrence. For
example, a patient with TTS and autoimmune limbic ence-
phalitis was intravenously injected with methylprednisolone
(1 g/day) for 5 days; subsequently, neurological symptoms,
such as disorientation, and abnormal MRI findings gradually
improved (2 months after admission; Figure 1D).%> The more
CNS disorders that carry the potential to trigger TTS are
detected, the more attention will be drawn to CNS-triggered
TTS. TTS must be recognized and understood by neurologists
not only to distinguish it from MI, but also to contribute to the
positive outcome of these patients.

Optimizing Care with a Psychiatric
Approach

One of the well-known triggers of TTS is emotional stress,
such as the unanticipated death of a close relative. TTS can
also be triggered by positive emotional experiences (for
example, a positive job interview, a surprise farewell cele-
bration, or becoming a grandmother); thus, it is also known
as the “happy heart syndrome.”’* Patients with TTS have
a higher rate of psychiatric and neurological disorders than
those with ACS.'® These associations have been extensively
reported. Preexisting psychiatric illness and even acute
exacerbations of psychiatric disorders or changes in psycho-
tropic medications have been reported as triggers of TTS.”

Psychiatric Association of TTS

Psychiatric comorbidities, such as depression and anxiety,
are more prevalent in TTS patients than those with ACS.”
Studies have found a link between TTS and anxiety disor-
ders, disorders, the

mood  disorders, adjustment
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schizophrenia-spectrum, and neurocognitive and other psy-
chotic disorders.>”*7>7¢ Acute exacerbations of psychiatric
disorders, such as anxiety disorders, depression, mania, or
psychosis, have been reported as potential triggers of
TTS.”"” In the International Takotsubo Registry, approxi-
mately 10% of patients had acute psychiatric disorders, with
mood and anxiety disorders accounting for 4% and 1%,
respectively.” Changes in psychiatric medications can also
trigger TTS; according to multiple reports, cases have been
linked to both the up-titration and overdose of serotonin-
norepinephrine reuptake inhibitors.”®**® Lithium, used in
patients with bipolar disorder, has been associated with ele-
vated serum catecholamine levels and reported to trigger
TTS.®! Electroconvulsive therapy, used in patients with
severe major depression or bipolar disorder, temporarily
and abruptly raises serum catecholamine levels, and is linked
to the occurrence of TTS.** In consideration of all these
findings, TTS is clearly linked to psychiatric disorders.

Recommended Psychiatric Approach for TTS
Patients with preexisting psychiatric illness have a higher risk
of TTS recurrence,® although the etiology is unknown. In
addition, not only psychiatric disorders themselves but also
the psychiatric medications used to treat them can be the trigger
for TTS. Therefore, it is recommended that patients with TTS
should be followed closely for the psychiatric symptoms
(Table 1). First, if patients have a preexisting psychiatric illness
and/or take psychiatric medication, the type and amount of
drug should be determined, and if necessary, the psychiatrist
should be consulted even in the acute phase. Second, if emo-
tional stress is not apparent before the onset of TTS,
a preexisting psychiatric illness should be considered, whether
or not there is a history of one. Finally, TTS patients with
psychiatric symptoms should have appropriate long-term man-
agement for psychiatric illness after recovering from their
cardiac symptoms. Currently, there is little evidence of
a benefit of psychiatric treatment in patients with TTS; how-
ever, psychiatric illness is also associated with increased mor-
tality. Considering the clear association between TTS and
psychiatric disorders, appropriate psychiatric medication may
mitigate TTS recurrence.

Optimizing Care with an Oncological
Approach

Patients with TTS have a high rate of malignancy.** Desai et al
demonstrated that the mean incidence of TTS is 53.0 per
100,000 hospitalized chemotherapy patients with no apparent

sex differences.®® A recent study demonstrated clear associa-
tions between the worse outcome of TTS and cancer disease
others than pheochromocytoma.’ Patients with cancer have not
only physical but also emotional stress; both types of stress
would be associated with the occurrence of TTS, as discussed
above.® Such patients are likely to experience multiple epi-
sodes of stress in relation to the initial diagnosis, the chronic
inflammation of the tumor, and the various cancer treatments
including chemotherapy and radiation therapy. In addition, the
circulation of paraneoplastic mediators may modify the adre-
noreceptors in cardiac tissue, leading to systolic dysfunction of
LV. All these factors would affect the occurrence of TTS for
tumor patients.

Effects of Chemotherapy on TTS

Not only the effects of the tumor itself but also the physical and
psychological effects of the associated chemotherapy consti-
tute possible risk factors for TTS. The associations between
several types of chemotherapy and TTS have been reported
previously.®” 5-Fluorouracil (5-FU) is commonly used in many
cancers and can induce several side effects, including
leukoencephalopathy,®™  diarrhea, and  gastrointestinal
mucositis.*” 5-FU-induced TTS has been reported in the
literature.”® Capecitabine,91 bevacizumab,”” combretastatin,”
rituximab,’* and tyrosine kinase inhibitors” have also been
reported as possible triggers of TTS. Immune checkpoint
inhibitors including ipilimumab, pembrolizumab and nivolu-
mab have come to be used for cancer treatments over the last
ten years. There has also been a single case report of a patient
with metastatic melanoma who showed a TTS-like syndrome
with apical ballooning and hyperdynamic basal segment fol-
lowed by the ipilimumab treatment.”® In all cases, the causality
between chemotherapy and the occurrence of TTS remains
unclear. Studies will be needed.

Recommended Oncological Approach for TTS

The effect of cancer treatment on the occurrence and
clinical course of TTS remains unclear. However, consid-
ering the clear associations between TTS and cancer

revealed in the previous studies,™®®

tumor screening
should be performed for patients with TTS-like syndromes
with apical ballooning, especially patients with no appar-
ent neurological or psychiatric disorders (Table 1). On the
other hand, patients who underwent chemotherapy for
cancer should be followed closely for the presence of
cardiac symptoms such as chest pain or breathing diffi-
culty. Cardiac examinations including assays for biomar-

kers and imaging by ECG and echocardiogram would be
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helpful for immediate diagnosis of TTS. Chemotherapy
can cause neurological disorders such as stroke or
encephalopathy,®® which may be related to TTS. In addi-
tion, a psychological approach is also important for the
management of psychiatric stress. Therefore, a multi-
pronged approach including cardiac, neurological, psycho-
logical, and/or oncological methods is needed for the
optimized care of these patients.

Optimizing Care with Other Approaches
Several conditions are associated with TTS occurrence.
According to a previous systematic review,”> COPD, asthma,
and a pulmonary circulatory disorder have been reported as
comorbidities of TTS. Hyper- or hypothyroidism is another
comorbidity. A recent study demonstrates that 7% of patients
with TTS is related to acute pulmonary disease, and the
presence of acute pulmonary disease is associated with
a severe in-hospital course and a worse long-term
outcome.”” Small numbers of TTS patients have a history
of alcohol abuse, drug abuse, or surgery. Chronic connective
tissue disease, chronic liver disease, and chronic kidney
disease have also been found in TTS cases. TTS may be
triggered not only by severe medical conditions but also by
physiological processes, such as sexual intercourse’® and
pregnancy.”® Surprisingly, acute coronary artery obstruction
can also cause TTS.'" Hence, the medical history of patients
should be thoroughly examined. Any remarkable signs
should be followed closely, and if necessary, specialists
should be consulted in the chronic phase.

Presently, of course, the world is in the throes of a great
pandemic caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and associated novel corona-
virus disease 2019 (COVID-19). SARS-CoV-2 infection has
been linked to a number of cardiovascular complications,
including arrhythmia, myocarditis, myocardial injury, and
exacerbation of chronic cardiac diseases such as heart
failure.'®" ' A recent study of 118 patients with COVID-
19 who had clinically indicated transthoracic echocardio-
gram (TTE) found that 5 of them were compatible with
a TTS diagnosis.'™ Thus, TTS should be considered in the
differential diagnosis of COVID-19 patients with cardiovas-
cular complications, although the diagnosis is difficult
because cardiac imaging modalities need to be modified to
minimize patient contact.'®> Considering the severity of
COVID-19, it is better that these patients are diagnosed in
the acute phase. Thus, in patients with COVID-19 with
cardiovascular complications, TTE evaluation may be useful

to guide treatment and determine the need for further inva-
sive workup.

Conclusion

Although TTS is recognized globally, its exact pathophysiolo-
gical mechanisms remain unclear. TTS is not a benign condi-
tion. Neurological, psychiatric, and oncologic disorders, and
even COVID-19, have been reported to be associated with
TTS occurrence. Limbic system dysfunction may be a key
factor in exaggerated sympathetic stimulation, which results
in TTS. Therefore, a multidisciplinary approach, which
includes cardiac, neurological, psychiatric, and oncological
components, can be beneficial in managing TTS. Further
research into the exact pathophysiology is required to improve
therapeutic strategies for TTS.
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