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Abstract

Takotsubo syndrome (TTS), also known as stress cardiomyopathy and broken heart syndrome, is a
neurocardiac condition that is among the most dramatic manifestations of psychosomatic disorders. This
paper is based on a systematic review of TTS and stress cardiomyopathy using a PubMed literature search.
Typically, an episode of severe emotional or physical stress precipitates regions of left ventricular hypo-
kinesis or akinesis, which are not aligned with a coronary artery distribution and are out of proportion to
the modest troponin leak. A classic patient with TTS is described; one who had chest pain and dyspnea
while watching an anxiety-provoking evening news program on the coronavirus disease 2019 (COVID-19)
pandemic. An increase in the incidence of TTS appears to be a consequence of the COVID-19 pandemic,
with the TTS incidence rising 4.5-fold during the COVID-19 pandemic even in individuals without severe
acute respiratory syndrome coronavirus 2 infection. Takotsubo syndrome is often mistaken for acute
coronary syndrome because they both typically present with chest pain, electrocardiographic changes
suggesting myocardial injury/ischemia, and troponin elevations. Recent studies report that the prognosis
for TTS is similar to that for acute myocardial infarction. This review is an update on the mechanisms
underlying TTS, its diagnosis, and its optimal management.
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O n April 2, 2020, a 56-year-old
woman with a history of hyperten-
sion and migraines presented with

acute neck and jaw tightness with dyspnea
while watching an evening news program
highlighting the coronavirus disease 2019
(COVID-19) pandemic. She admitted to
feeling extremely anxious and frightened by
the reports and associated images of the
COVID-19 pandemic. She presented to the
hospital 17 hours after symptom onset; her
initial blood pressure was 96/57 mm Hg,
and the electrocardiogram (ECG) in the emer-
gency department revealed ST and T-wave ab-
normalities suggesting acute coronary
syndrome (ACS) (Figure 1A). The initial
troponin-I level was 1.91 ng/mL, and the
N-terminal prohormone of brain natriuretic
peptide (NT-proBNP) level was 3261 pg/mL.
Urgent cardiac catheterization revealed normal
coronary arteries without stenosis or coronary
dissection. The echocardiogram revealed a left
ventricular (LV) ejection fraction (LVEF) of
39%, with extensive akinesis in the apical
Mayo Clin Proc Inn Qual Out n December 2020;4(6):775-785 n http
www.mcpiqojournal.org n ª 2020 THE AUTHORS. Published by Else
access article under the CC BY-NC-ND license (http://creativecommons
and mid LV segments with hyperkinesis of
the basal segments (Figure 1B and C), dy-
namic LV outflow tract obstruction (LVOTO)
with a peak gradient of 51 mm Hg, and sys-
tolic anterior motion of the mitral leaflets.
Symptoms resolved during the first few hours
of hospitalization, and no arrhythmias
occurred. She received a diagnosis of Takot-
subo syndrome (TTS) and was discharged
with prescription of metoprolol and apixaban.
A follow-up echocardiogram 1 month later
was entirely normal, with LVEF 75% and res-
olution of all previous anomalies including
wall motion abnormalities, systolic anterior
motion, and dynamic outflow tract gradient.

Coronavirus disease 2019 continues to
infect millions of people around the world,
with catastrophic rates of morbidity and mor-
tality. These adverse physical health effects are
compounded by social, economic, and cul-
tural disruptions that in conjunction have
markedly increased levels of psychological
stress and anxiety worldwide.1 During the
COVID-19 pandemic, the incidence of TTS
s://doi.org/10.1016/j.mayocpiqo.2020.08.008
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ARTICLE HIGHLIGHTS

d Takotsubo syndrome (TTS) is a stress-mediated syndrome that
results from catecholamine-induced metabolic myocardial
stunning.

d Although considered benign and self-limited, TTS has a prog-
nosis similar to acute coronary syndrome.

d Treatment strategies to support patients with acute TTS and
improve prognosis are outlined.

d Presently, no therapy has been proven to prevent the recur-
rence of TTS.
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has risen 4.5-fold (Figure 2).2 All the patients
in the study by Jabri et al2 who received a
diagnosis of TTS during the pandemic had
negative reverse transcriptionepolymerase
chain reaction test results for COVID-19.
Thus, the reported increase in TTS during
the pandemic in this Cleveland Clinic study
has been presumably caused by increased
emotional stress, not physiological stress due
to severe acute respiratory syndrome coronavi-
rus 2 infection.2 However, acute severe acute
respiratory syndrome coronavirus 2 infection
has also been reported to cause TTS.3

This paper is based on a systematic review
of TTS and stress cardiomyopathy using a
PubMed literature search. Takotsubo syn-
drome has become a relatively common diag-
nosis within cardiovascular physician
practices. It is characterized by transient LV
systolic and diastolic dysfunction in the
absence of a culprit coronary artery lesion,
usually with a concomitant mid LV and apical
wall motion abnormalities.4,5 Also known as
broken heart syndrome, apical ballooning syn-
drome, and stress cardiomyopathy, TTS was
first described in Japan in 1990.6 Because of
the similarities in presenting symptomatology,
ECG findings, and troponin elevations, TTS
often mimics ACS.4 The original association
and characteristic hallmark of this disease pro-
cess, however, is its frequent association with
psychosocial stress (PSS) and the lack of
obstructive coronary artery disease to explain
the clinical presentation.

Stress, both PSS and physiological stress,
can disturb normal neurohormonal cardiac
regulation and is not only the usual cause of
Mayo Clin Proc Inn Qual Out n December 2020
TTS but also the third most potent risk factor
for acute myocardial infarction (MI).7,8 Since
its initial description, the association of TTS
with PSS has been a fundamental aspect of
the syndrome, as attested to by the large pro-
portion of patients with TTS who have
received a diagnosis of a concomitant acute
psychosocial stressor, neurological or psychi-
atric disorder.5,9 Takotsubo syndrome is a
prototypical psychosomatic disorder in which
excessive adrenergic tone from either endoge-
nous or exogenous sympathomimetic amines
and other neurohormonal derangements over-
whelm myocardial homeostasis, causing acute
LV dysfunction (Figure 3).10,11 This can result
in hemodynamic instability, atrial and ventric-
ular arrhythmias, acute heart failure (HF), and
even shock due to acute LV dysfunction and
profound vasodilation.4

Studies report serious in-hospital adverse
events in 20% of patients with TTS, with es-
timates of in-hospital mortality of about 2.0%
to 5.6%12 and rates of major adverse cardio-
vascular and cerebrovascular events (MAC-
CEs) ranging from 5% to 10%.5,13 However,
the true global burden of TTS remains uncer-
tain, stemming from a lack of physician
awareness, difficulty in diagnosis, atypical
and variable presentations, and resemblance
to ACS.
RECOGNIZING TTS
Over the past 3 decades, the predominantly
affected demographic has remained women,
who comprise 85% to 90% of cases.5,13,14

Women older than 55 years have a 5-fold
higher incidence of developing TTS than do
those younger than 55 years, and women
have a 10-fold higher risk than do men.15-17

Despite making up only 0.02% of hospital-
izations, TTS is thought to account for about
2% of all suspected ST-segment elevation
MIs (STEMIs) and up to 10% of suspected
STEMIs in women.16,18-20 This overlap is
due to the clinical resemblance of the 2 condi-
tions; 76%, 47%, and 8% of patients with TTS
are admitted for symptoms of chest pain, dys-
pnea, and syncope, respectively.5 As aware-
ness has increased, so has the rate of TTS
diagnosis, growing from 0.16% in 2005 to
2.2% of all MIs in 2012.20
;4(6):775-785 n https://doi.org/10.1016/j.mayocpiqo.2020.08.008
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FIGURE 1. Example case. (A) Admission electrocardiogram and (B) end-systolic and (C) end-diastolic
echocardiographic frames from a 56-year-old woman who had takotsubo syndrome caused by anxiety
about the coronavirus disease 2019 pandemic.

CARDIOTOXIC STRESS
CLINICAL FINDINGS
Most TTS cases involve the apical and mid-
ventricular segmentsdwhich often mimic
STEMI because of left anterior descending
coronary artery occlusion.5,21 In a meta-
analysis of 4500 patients with TTS, most pre-
sented with an abnormal ECG, including 44%
with ST-segment elevation and 15% with ST-
segment depression21; progressive QT interval
prolongation was also common.22 Among pa-
tients with TTS, 91% exhibit attenuation of
ECG voltage (due to transient myocardial
edema), with return to normal voltage by 1
month.23 T-wave inversion is also commonly
seen in TTS and is paradoxically associated
with a reduced risk of ventricular tachycardia
and ventricular fibrillation.24 Less surpris-
ingly, patients with TTS who have a rhythm
Mayo Clin Proc Inn Qual Out n December 2020;4(6):775-785 n http
www.mcpiqojournal.org
other than sinus rhythm are at increased risk
of MACCEs.24

Troponin elevations are present in about
90% of patients with TTS and reach a mean
peak value of 1.1 ng/mL.5 Although initial
troponin levels are similar in patients with
ACS and patients with TTS, the subsequent
levels climb 6-fold in patients with ACS as
compared with only 1.8-fold in patients with
TTS. Because of the ambiguous clinical presen-
tation of TTS, generally in the context of
troponin elevations and ST and/or T wave
changes suggesting ischemia or MI, coronary
angiography is often required for distinguish-
ing TTS from ACS.25 A minority (15%) of pa-
tients with TTS will have occlusive coronary
artery disease on angiography, but usually this
does not explain the distribution of wall motion
s://doi.org/10.1016/j.mayocpiqo.2020.08.008 777
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FIGURE 2. Incidence of takotsubo syndrome per 100 acute coronary syndrome presentations during the
coronavirus disease 2019 pandemic and pre-pandemic periods. From JAMA Netw Open.2
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abnormalities.5 A well-described feature of
TTS, however, is that striking wall motion ab-
normalities and degree of LV dysfunction are
out of proportion to the troponin elevation
and do not correspond to a typical coronary ar-
tery distribution.4,26 Cardiac magnetic reso-
nance imaging (MRI) may be required to
differentiate between ACS, TTS, and other po-
tential etiologies such as myocarditis.23,27

Indeed, cardiac MRI is arguably the “criterion
standard” for the diagnosis of TTS owing to
its ability to reveal characteristic myocardial
edema and no late gadolinium enhancement.
By way of comparison, MRI in acute MI typi-
cally reveal late gadolinium enhancement in a
typical coronary distribution.23,27

Takotsubo syndrome is considered to be a
unique reversible form of LV systolic and dia-
stolic dysfunction. Reduced LVEF is noted in
90% of patients with TTS with a mean LVEF
of 40%; elevated LV end-diastolic pressure is
present in 93% of patients.5 Wall motion ab-
normality involving apical and mid-apical seg-
ments is most common, making up 82% of
cases.5 Midventricular TTS is present in
14%, with basal and focal TTS accounting
for 2.2% and 1.5%, respectively.5 The rise in
NT-proBNP level associated with TTS is com-
parable to that seen with decompensated
HF.28 Moreover, peak NT-proBNP levels in
TTS are correlated with the severity of LV
systolic dysfunction as well as the degree of
sympathetic overactivation and long-term
prognosis.29
Mayo Clin Proc Inn Qual Out n December 2020
PATHOGENESIS OF TTS
Currently, the leading hypothesis is that TTS is
a stress-mediated syndrome that results from
catecholamine-induced metabolic myocardial
stunning. The stress response produces a
reduction in vagal tone in combination with
elevated levels of catecholamines, endothelin,
and cortisol.30,31 As observed with pheochro-
mocytoma and with the therapeutic or recrea-
tional use of sympathomimetic amines such as
amphetamines, elevated blood levels of cate-
cholamines can be cardiotoxic.7

With high levels of adrenergic tone, endo-
myocardial biopsies reveal a pattern of
contraction band necrosis, which results
from myocardial catecholamine overloaddan
injury pattern also seen in TTS.32 Catechol-
amine elevations in these patients are not
only substantially above baseline but approxi-
mately 2-fold above those recorded in cases of
acute MI.33 Various reports have found that
sympathomimetic amines including intrave-
nous epinephrine or dobutamine, amphet-
amines and oral agents for attention-deficit
hyperactivity disorder, intranasal cocaine,
and even inhaled b-agonist bronchodilators
can trigger LV wall motion abnormalities and
symptoms characteristic of TTS.32,34 Serotonin
norepinephrine reuptake inhibitors can also
trigger TTS, probably because they increase
levels of norepinephrine and dopamine.35

Catecholamines and endothelin are power-
ful vasoconstrictors of the coronary microvas-
culature.36,37 This sympathetically driven
;4(6):775-785 n https://doi.org/10.1016/j.mayocpiqo.2020.08.008
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Risk factors for takotsubo syndrome

• Female sex
• Postmenopausal women
• Psychiatric disease

• Asthma/chronic lung disease
• Diabetes
• Substance abuse

Takotsubo
cardiomyopathy

Management

Cardiogenic
shock

Heart failure
pulmonary
congestion

• Venodilators
• Diuretics
• β-Blockers
• Arterial
   vasodilators

If refractory
• IABP, 
   intravascular 
   blood pump

If refractory
• ECMO

LVOTO absent
• Milrinone
• Dobutamine
• Levosimendan

LVOTO present
• IV fluids
• β-Blockers
• Phenylephrine/
   vasopressin if
   needed

Physical
triggers

Emotional
triggers

Catecholamines
endothelin

cortisol

• Acute
   microvascular
   dysfunction
• Impaired
   coronary flow
   reserve

FIGURE 3. Overview of takotsubo syndrome. ECMO, extracorporeal membrane oxygenation; IABP,
intra-aortic balloon pump; IV, intravenous; LVOTO, left ventricular outflow tract obstruction. Made from
information published in J Am Coll Cardiol10 and Eur Heart J.11
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Depression
Illness of a close person
Suicide attempt
Divorce
Posttraumatic stress disorder

Fear of speech
Robbery/burglary
Fear of surgery/
hospitalization
Move to another city

New job
Job loss
Retirement
Bulging at work

Debt
Huge loss of money
Bankruptcy

Death of a family
member
Death of partner
Killing of
the pet

Argument with the
partner/family

Argument with the landlord

Flooding
Earthquake
Storm
Aircraft noise

Car accident without injury
Downfall without fracture

Happy heart syndrome
Winning a jackpot
Birthday party
Birth of grandchild
Wedding
Visiting the opera
Positive job interview

Cerebral bleeding
Stroke, TIA
Epilepsy, seizure
Migraine
PRES
Concussion
Aneurysm rupture

Exacerbation COPD
Asthma attack
Pneumonia
Bronchitis
Pulmonary
embolism
Larynx spasm

Gastrointestinal bleeding
Crohn disease
exacerbation
Hernia incarce-
ration

Pheochromocytoma
Urosepsis
Urolithiasis

Giving birth
Vaginal bleeding

Cancer
Chemotherapy

Influenza
Sepsis
Peritonitis
Wound infection

Fracture

Operation

Anesthesia
Administration of
catecholamines

FIGURE 4. Emotional and physical triggers for takotsubo syndrome (TTS).7,44 This list of stressors
precipitating TTS is neither specific nor complete/all-inclusive. COPD, chronic obstructive pulmonary
disease; PRES, posterior reversible encephalopathy syndrome; TIA ¼ transient ischemic attack. From Eur J
Heart Fail.46

MAYO CLINIC PROCEEDINGS: INNOVATIONS, QUALITY & OUTCOMES

780 Mayo Clin Proc Inn Qual Out n December 2020;4(6):775-785 n https://doi.org/10.1016/j.mayocpiqo.2020.08.008
www.mcpiqojournal.org

https://doi.org/10.1016/j.mayocpiqo.2020.08.008
http://www.mcpiqojournal.org


50

40

30 P<.001 P<.001

30

20

M
or

ta
lit

y 
(%

)

20

10

10

Time
3 4 521

0
Days 0
Years

Emotional stress (class I)
Physical activities, medical conditions, or procedures (class lIa)
Neurological disorders (class lIb)
No stress factor (class III)
Acute coronary syndrome
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vasculopathy likely plays a role in pathogen-
esis, as virtually all patients with TTS have
endothelial dysfunction and apoptosis on the
microvascular level.38 It is postulated that
the myocardial stunning of TTS is due in large
part to the direct effects of the catecholamine
surge and associated free radicals in combina-
tion with sympathetically induced microcircu-
latory dysfunction.39 This is supported in
human cases and animal models of TTS in
which LV dysfunction increases proportionally
to the degree of sympathetic hyperactivity and
oxidative stress.39,40 This results in a transient
regional impairment of myocardial meta-
bolism of free fatty acids and glucose, resulting
in myocyte stunning that causes systolic and
diastolic dysfunction.

The pathogenesis of TTS begins with a
coronary vasculitis, which leads to vascular
extravasation of fluid and infiltration of neu-
trophils and monocytes into myocardial tis-
sue.41 The central mechanism is aberrant
post-receptor b-2 signaling, with consequent
activation of nitric oxide synthase and forma-
tion of peroxynitriteda potent oxidant that
damages DNA and impairs myocardial meta-
bolism.41-43 This in turn leads to hypotension,
which is often a major issue early in the course
of TTS and can be life-threatening. Although
HF in TTS has been assumed to be a form of
cardiogenic shock, it may be more accurately
considered “vasodilatory shock.”41,43

STRESS TRIGGERS OF TTS
One-third of patients with TTS report an
emotional stressor, another one-third report
a preceding physical stressor, and the final
third have no apparent trigger.21 Studies
report that chronic anxiety and/or depression
are twice as common in patients with TTS
compared with patients with ACS (70% vs
36%).44,45 In comparison to the general popu-
lation, patients with TTS are significantly more
likely to be living alone (52% vs 24%), to be
divorced (20% vs 2%), to have a history of
substance abuse, or to have experienced previ-
ous emotional or physical abuse.45 Female pa-
tients with TTS are more likely to report a
preceding emotional trigger, whereas male pa-
tients are more susceptible to physical trig-
gers.5 These physical stressors can be
virtually any condition or activity known to
induce physiological stress (Figure 4).7,46
Mayo Clin Proc Inn Qual Out n December 2020;4(6):775-785 n http
www.mcpiqojournal.org
A study using functional MRI analyzed the
connectivity of central brain regions associated
with the regulation of autonomic nervous and
limbic systems.47 Patients with TTS had
reduced resting state functional connectivity
within these central networks that are the chief
mediators of emotional processing and the
stress response.47 Systemically, patients with
TTS have increased levels of miR-16 and
miR-26a, which are 2 microRNAs previously
known to be up-regulated in neuropsychiatric
conditions.37 Thus, evidence supports the
concept that myocardial stunning in TTS
may be related in part to an individual’s
abnormal processing of stress.10,11

IS TTS BENIGN AND REVERSIBLE?
Although TTS has generally been viewed as a
relatively benign condition, recent data indi-
cate that it can be a life-threatening illness
with substantial morbidity and mortality.
Indeed, both short- and long-term prognoses
are not better than those associated with
ACS.7 Takotsubo syndrome can be classified
as “primary”dthe stress cardiomyopathy
symptoms are primary reason for patient’s pre-
sentation or “secondary”da serious
s://doi.org/10.1016/j.mayocpiqo.2020.08.008 781
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underlying illness precipitates TTS.46 The
classic patient with primary TTS, such as the
woman presented in this review, with an
emotional trigger and transient LV dysfunction
tends to have a more favorable prognoses.7 In
contrast, patients with secondary TTS caused
by acute neurological disorders (eg, intracra-
nial hemorrhage, seizure, and head trauma)
or physical stressors (eg, acute illness, major
surgery, and severe injuries), or presenting
with higher levels of troponin and NT-
proBNP, have a significantly worse prognosis
(Figure 5).7 Cancer is another common cause
of secondary TTS, and it is also associated
with an adverse prognosis.48 The International
Takotsubo Registry reported higher in-
hospital mortality rates in male patients with
TTS and those 50 years or younger or 75 years
or older, with a lower mortality rate noted in
the age group of 50 to 75 years.12

Recent studies report that patients with
TTS have reduced survival compared with
the general population.13,21,49,50 The Interna-
tional Takotsubo Registry, the largest TTS
database to date, estimated the 1-year mortal-
ity rate to be 5.6% and the rate of MACCEs
9.9%.5 A different study reported the in-
hospital mortality rates of 2% to 4%, 3% to
5%, and 5% to 7% for patients with TTS,
non-STEMI, and STEMI, respectively.31 In
contrast, a study of 572 patients found that
compared with patients with STEMI, patients
with TTS had a significantly higher 4-year
mortality rate (25% vs 15%, respectively)
despite no significant mortality differences be-
tween these 2 groups at 28 days and 1 year.51

During the acute phase of TTS, 22% of pa-
tients suffer in-hospital complications, which
can include cardiopulmonary arrest and death.5

The most common lethal complication is
cardiogenic/vasodilatory shock. Other adverse
effects include arrhythmias, LV thrombus for-
mation, and cerebrovascular accident.9 Acute
hemodynamic instability can result from dy-
namic LVOTO due to the hypokinetic/akinetic
apical and mid-ventricular segments adjacent
to hyperdynamic myocardial segments at the
base of the LV. This physiology can also result
in systolic anterior motion of the anterior mitral
leaflet and mitral regurgitation.

Acute neurological disease, a physical
trigger, older age, extensive apical ballooning,
initial troponin levels 10 times the upper
Mayo Clin Proc Inn Qual Out n December 2020
limit of normal, LVEF less than 45%,
increased LV filling pressures, and moderate
or severe mitral regurgitation have all been
associated with a worse TTS prognosis.5,11,21

N-Terminal prohormone of brain natriuretic
peptide may serve as a particularly useful
biomarker for prognostication, as the degree
of elevation is directly correlated with the
level of sympathetic overactivation and sys-
tolic LV dysfunction.29 In-hospital TTS also
carries with it reduced survival as compared
with out-of-hospital TTS, probably owing to
serious antecedent comorbidities.52

Recovery from TTS can be slow, with
persistent abnormalities on echocardiography
and cardiac MRI, prolonged NT-proBNP
elevation, impaired quality of life, and even
long-term myocardial fibrosis in up to 10%
of patients with TTS. Patients with TTS are
at risk for a repeat episode of stress-induced
cardiomyopathy; the largest study reported a
recurrence rate of 1.8% per patient-year.4,5

MANAGEMENT
There are no randomized controlled trials
defining optimal therapy for TTS. Currently,
the mainstay of treatment is simply to monitor
closely and support patients with TTS through
the dangerous acute phase. Mild TTS cases pre-
senting with venous congestion and no evidence
of low cardiac output or hypotension can be
treated with venodilators, diuretics, and arterial
vasodilators such as angiotensin-converting
enzyme inhibitors, angiotensin II receptor
blockers, neprilysin inhibition, hydralazine,
and b-blockers.10 The major contributors to
mortality in the initial days after presentation
are systemic embolization and cardiogenic
shock. Up to 11% of the patients with TTS
develop cardiogenic/vasodilatory shock within
the first 72 hours of admission and 20% to
25% develop LVOTO.11,53,54 The contributing
factors to the development of shock include a
sudden loss of regional LV contraction with a
drop in the LVEF by 30% to 40%, LV stroke vol-
ume reduced by 40%, and cardiac output by
25%.49,55,56 Concomitant transient right ven-
tricular dysfunction occurs in approximately
one-third of patients with TTS and is associated
with a greater likelihood of hypotension and he-
modynamic instability. These patients may
require intravascular volume expansion for
blood pressure support.
;4(6):775-785 n https://doi.org/10.1016/j.mayocpiqo.2020.08.008
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Although treatment with fluid and an anti-
coagulant may be indicated, the use of catechol-
amines to treat cardiogenic shock is not
recommended because of the catecholaminergic
origin ofmyocardial stunning and injury inTTS.
This could hypothetically be worsened by exog-
enous catecholamine administration, leading to
increased LVOTO and delayed spontaneous re-
covery. In a case series of 114 patients, those
receiving catecholamines had a higher in-
hospital mortality (28% vs 3%), 30-daymortal-
ity (51%vs 17%), and long-termmortality (81%
vs 39%).57 In patients with cardiogenic shock
and LVOTO, intravenous fluids, short-acting
b-blockers, and LV assist device should be
considered, whereas in those with shock due
to primary pump failure, LV assist device, early
use of extracorporeal membrane oxygenation,
and levosimendan, a calcium sensitizer and
noncatecholamine inotrope, may be benefi-
cial.11,58 An intra-aortic balloon pump can be
useful in selected patients with refractory shock,
particularly in those without LVOTO.46

b-Blockers must be approached with
caution in the acute phase of TTS as they are
contraindicated in decompensated HF. Howev-
er, they may provide benefit in those presenting
with dynamic LVOTO.59 Although long-term
b-blockers might theoretically prevent the
recurrence of TTS, data are lacking. In fact, a
third of patients taking a b-blocker had a recur-
rence of TTS.5 Evolving data suggest that treat-
ment with an angiotensin-converting enzyme
inhibitor or angiotensin II receptor blocker is
associated with improved 1-year survival and
reduced risk of recurrence.11

a1-Agonists such as phenylephrine or
vasopressin can be considered in patients
with hemodynamically significant LVOTO
and hypotension to support blood pressure
and without increasing inotropy and chrono-
tropy.10,46,54 Ivabradine, a sodium current in-
hibitor, may be an option for refractory
tachycardia management, though no data on
its effect on TTS outcome are available.60

Given the relationship of TTS with psy-
chological stress and psychiatric disorders,
these factors should be addressed and treated
when present. The potential benefits of psy-
chiatric medications, counseling, and cognitive
behavioral therapy for patients with TTS have
yet to be documented.
Mayo Clin Proc Inn Qual Out n December 2020;4(6):775-785 n http
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FUTURE DIRECTIONS
More research is needed to understand the
pathophysiological mechanisms and treatment
options for TTS. Improved strategies to pre-
vent recurrence are also paramount, as the
recurrence of TTS is estimated at 10% over 4
years. Better detection algorithms are also
needed because many cases of TTS probably
go undiagnosed. More data are needed to un-
derstand potential long-standing derange-
ments of LV function and complications after
presentation with TTS.
Abbreviations and Acronyms: ACS = acute coronary
syndrome; COVID-19 = coronavirus disease 2019; ECG =
electrocardiogram; HF = heart failure; LV = left ventricle or
ventricular; LVEF = left ventricular ejection fraction; LVOTO
= left ventricular outflow tract obstruction; MACCE = major
adverse cardiovascular and cerebrovascular event; MI =
myocardial infarction; MRI = magnetic resonance imaging;
NT-proBNP = N-terminal prohormone of brain natriuretic
peptide; PSS = psychosocial stress; STEMI = ST-segment
elevation myocardial infarction; TTS = Takotsubo syndrome
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