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ABSTRACT
Stress cardiomyopathy is an acute reversible heart failure syndrome initially believed to represent a benign condition due

to its self-limiting clinical course, but now recognized to be associated with a non-negligible rate of serious complications

such as ventricular arrhythmias, systemic thromboembolism, and cardiogenic shock. Due to an increased awareness and

recognition, the incidence of stress cardiomyopathy has been rising (15-30 cases per 100,000 per year), although the

true incidence is unknown as the condition is likely underdiagnosed. Stress cardiomyopathy represents a form of neu-

rocardiogenic myocardial stunning, and while the link between the brain and the heart is established, the exact patho-

physiological mechanisms remain unclear. We herein review the proposed risk factors and triggers for the syndrome and

discuss a practical approach to diagnosis and treatment of the patients with stress cardiomyopathy, highlighting

potential challenges and unresolved questions. (J Am Coll Cardiol 2018;72:1955–71) © 2018 by the American College of

Cardiology Foundation.
S ince its first description in Japan in 1990 (1),
Takotsubo syndrome, also known as stress
cardiomyopathy, broken heart syndrome, or

apical ballooning syndrome, has emerged as an
important form of acute reversible myocardial injury
characterized by transient regional systolic left ven-
tricular dysfunction (2,3). Takotsubo refers to the
classic apical ballooning shape seen in the majority
of cases that resembles the octopus trap used in Japan
(4). Initially considered a rare event, with greater
awareness and recognition the prevalence is
currently estimated at 1% to 2% of patients with sus-
pected acute coronary syndrome (ACS) (5,6).
Although it was originally believed to represent a
benign syndrome due to its self-limiting clinical
course and the absence of significant coronary artery
disease (CAD), there is a substantial risk of mortality,
not dissimilar to that of ACS (7,8). Complications of
stress cardiomyopathy, such as acute heart failure
(HF), left ventricular outflow tract obstruction
(LVOTO), and mitral regurgitation (MR), leading to
cardiogenic shock are not infrequent. The purpose
of this review is to provide a practical approach to
the diagnosis and treatment of patients with stress
cardiomyopathy and to highlight potential challenges
and unresolved questions.

DEFINITION

Stress cardiomyopathy is a clinical syndrome charac-
terized by an acute and transient (<21 days) left
ventricular (LV) systolic (and diastolic) dysfunction
often related to an emotional or physical stressful
event, most often identified in the preceding days (1 to
5 days). The presence of LV regional wall motion
abnormalities characteristically extending beyond a
single epicardial coronary artery distribution defines
the syndrome. The typical pattern of regional LV
wall motion abnormality is the apical hypokinesia/
akinesia/dis-kinesia (apical ballooning) with basal
hyperkinesis. Other forms of systolic dysfunction
localized to the base or the midventricular regions
have been described, although less frequently (9,10).
The presence of a stress cardiomyopathy is suspected
on the basis of the clinical context, electrocardio-
graphic (ECG) abnormalities, mild elevation of serum
cardiac troponin, significant elevation in serum natri-
uretic peptide levels (BNP or NT-proBNP), and noninva-
sive cardiovascular imaging. Coronary angiography is
usually performed to exclude an acute obstruction in an
epicardial coronary artery. Cases in whom regional
wall motion abnormalities that extend beyond a single
epicardial vascular distribution, usually in a circum-
ferential distribution, coexist with CAD (bystander
CAD), remain consistent with stress cardiomyopathy.

The most widely used diagnostic criteria are Heart
Failure Association of the European Society of Car-
diology diagnostic criteria for Takotsubo Syndrome
(11), which have revised the earlier Mayo Clinic
Criteria (12). Recently, the International Takotsubo
Diagnostic Criteria (InterTAK Diagnostic Criteria)
have been proposed (13,14) (Table 1).



AB BR E V I A T I O N S

AND ACRONYM S

ACS = acute coronary

syndrome

CAD = coronary artery disease

CANS = central autonomic

nervous system

CK-MB = creatine kinase-

myocardial band

CMR = cardiac magnetic

resonance

DGE = delayed gadolinium

enhancement

ECG = electrocardiography

HF = heart failure

LV = left ventricle

LVEF = left ventricular

ejection fraction

LVOTO = left ventricular

outflow tract obstruction

MR = mitral regurgitation

NPY = neuropeptide Y

right ventricle
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PATHOPHYSIOLOGY

The exact pathophysiology of stress cardiomyopathy
remains elusive and several mechanisms may be
involved. The link between the brain and heart has
long been known (15–17), but only recently has this
link been explored using neuroimaging approach
(18,19). The central autonomic nervous system
(CANS) regulates the vital cardiovascular functions.
Even before the description of the stress cardio-
myopathy as a self-standing syndrome, clinicians
had described increased incidence of transient car-
diac dysfunction and injury, dynamic ECG changes,
and increased risk of arrhythmias in patients with
acute stroke, mainly hemorrhagic, or ischemic
stroke of the basal ganglia or the brain stem. This
phenomenon, referred to as “neurogenic stunning
myocardium” (20) was transient, and was also
described with electroconvulsive therapy and
seizures.

An increase in cerebral blood flow in the hippo-
campus, brainstem, and basal ganglia has been
shown in the acute phases of stress cardiomyopathy
of patients versus control subjects, with a return to
normal when the syndrome resolved (15,16). It is
unknown, however, how psychological and/or phys-
ical stresses may lead to myocardial dysfunction in
some cases and not in others. There is a complex
neocortical and limbic integration in response to
stress through an activation of brainstem noradren-
ergic neurons and stress-related neuropeptides (i.e.,
neuropeptide Y [NPY] produced by the arcuate nu-
cleus in the hypothalamus) (Central Illustration).
Norepinephrine and NPY are stored in the pre-
synaptic terminations of the post-ganglionic sympa-
thetic system. The spillover of norepinephrine and
NPY from pre-synaptic terminations at myocardial
level following intense stress may induce a direct
toxic effect and/or epicardial and microvascular
dysfunction (21–25). A parallel hypothesis is for an
increase in circulating catecholamines and stress
hormones in stress cardiomyopathy (25); this hy-
pothesis, however, is not accepted by others (26).
The catecholamine mechanism would be similar to
what is seen in pheochromocytoma. However, an
increase in circulating catecholamines and stress
hormones may also represent a compensatory
mechanism secondary to reduced cardiac output and
hypotension. Therefore, in predisposed individuals,
who may have an enrichment in NPY/norepinephrine
granules, an intense stimulation for an adrenergic
stimulation may be sufficient to trigger stress car-
diomyopathy (25,27), whereas in others, free of such
risk factors and/or with stronger coping
mechanisms, the psychological or physical
stresses would be insufficient to trigger the
cardiac stunning (Central Illustration). Also,
the mechanisms by which the neuropeptides/
neurohormones cause the cardiomyopathy
are not clear (18). Norepinephrine and NPY
can display direct cardiodepressant effects;
however, it has been proposed that the
impaired cardiac function is a result of
impaired microvascular perfusion leading to
a demand-supply mismatch and an ischemic
stunning (28,29). As such, risk factors for
endothelial dysfunction would predispose to
stress cardiomyopathy. Whether the
impaired myocardial perfusion seen during
episodes of stress cardiomyopathy represents
the cause or the effect of the myocardial
stunning remains to be determined.

EPIDEMIOLOGY

Although the precise incidence of stress car-

diomyopathy is unknown, data from the 2 largest
cohorts of patients suggest an incidence of approxi-
mately 15 to 30 cases per 100,000 per year in the
United States, with similar estimated numbers in
Europe (30). The true incidence is likely higher, if one
considers that milder forms may not receive medical
attention. Moreover, stress cardiomyopathy may be
misdiagnosed as an ACS, and it is estimated that 1% to
2% of patients with suspected ACS are eventually
diagnosed with stress cardiomyopathy (5).

Stress cardiomyopathy occurs more frequently
in postmenopausal women. Three registries of 1,750,
324, and 190 patients with stress cardiomyopathy re-
ported that 90%, 91%, and 92%, respectively, were
women, with mean ages of 67, 68, and 66 years,
respectively (10,31,32). Postmenopausal women have
an increased sympathetic drive and endothelial
dysfunction, predisposing to microvascular dysfunc-
tion (33). Further, markers of oxidative stress are also
increased in postmenopausal women (34). Likewise,
postmenopausal women report greater anxiety,
depression, and sleep disturbances (35,36). Finally,
there is an increase in NPY with menopause (37,38).
Therefore, the increased sympathetic activity and NPY
associated with impaired coronary reserve may lead to
greater incidence of stress cardiomyopathy in post-
menopausal women. Of note, emotional stress or the
absence of identifiable triggers seems to be more
common in women, whereas physical stressful trig-
gering events were more common among men (10,31).

RV =



TABLE 1 Diagnostic Criteria for Stress Cardiomyopathy According to Heart Failure Association of the European Society of Cardiology, Mayo Clinic Criteria, and

InterTAK Diagnostic Criteria

Heart Failure Association–European Society of Cardiology Criteria

1. Transient regional wall motion abnormalities of left ventricle or right ventricle myocardium, which are frequently, but not always, preceded by a stressful trigger
(emotional or physical).

2. The regional wall motion abnormalities usually* extend beyond a single epicardial vascular distribution, and often result in circumferential dysfunction of the
ventricular segments involved.

3. The absence of culprit atherosclerotic coronary artery disease, including acute plaque rupture, thrombus formation, and coronary dissection or other pathological
conditions to explain the pattern of temporary LV dysfunction observed (e.g., hypertrophic cardiomyopathy, viral myocarditis).

4. New and reversible electrocardiography abnormalities (ST-segment elevation, ST-segment depression, LBBB,† T-wave inversion, and/or QTc prolongation) during
the acute phase (3 months).

5. Significantly elevated serum natriuretic peptide (BNP or NT-proBNP) during the acute phase.
6. Positive but relatively small elevation in cardiac troponin measured with conventional assay (i.e., 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 to 6 months).§

International Takotsubo Diagnostic Criteria (InterTAK Diagnostic Criteria)

1. Patients show transientk left ventricular dysfunction (hypokinesia, akinesia, or dyskinesia) presenting as apical ballooning or midventricular, basal, or focal wall
motion abnormalities. Right ventricular involvement can be present. Besides these regional wall motion patterns, transitions between all types can exist. The
regional wall motion abnormality usually extends beyond a single epicardial vascular distribution; however, rare cases can exist where the regional wall motion
abnormality is present in the subtended myocardial territory of a single coronary artery (focal Takotsubo syndrome).¶

2. An emotional, physical, or combined trigger can precede the Takotsubo syndrome event, but this is not obligatory.
3. Neurologic disorders (e.g., subarachnoid hemorrhage, stroke/transient ischemic attack, or seizures) as well as pheochromocytoma may serve as triggers for

Takotsubo syndrome.
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. 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 Takotsubo syndrome.
7. Patients have no evidence of infectious myocarditis.¶
8. Postmenopausal women are predominantly affected.

Revised Mayo Clinic Criteria

1. Transient hypokinesis, akinesis, or dyskinesis of the left ventricular midsegments with or without apical involvement; the regional wall motion abnormalities 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 electrocardiographic abnormalities (either ST-segment elevation and/or T-wave inversion) or modest elevation in cardiac troponin
4. Absence of pheochromocytoma or myocarditis

*Acute, reversible dysfunction of a single coronary territory has been reported. †Left bundle branch block may be permanent after Takotsubo syndrome, but should also alert clinicians to exclude other
cardiomyopathies. T-wave changes and QTc prolongation may take many weeks to months to normalize after recovery of LV function. ‡Troponin-negative cases have been reported, but are atypical. §Small
apical infarcts have been reported. Bystander subendocardial infarcts have been reported, involving a small proportion of the acutely dysfunctional myocardium. These infarcts are insufficient to explain the
acute regional wall motion abnormality observed. kWall motion abnormalities may remain for a prolonged period of time or documentation of recovery may not be possible. For example, death before
evidence of recovery is captured. ¶Cardiac magnetic resonance imaging is recommended to exclude infectious myocarditis and diagnosis confirmation of Takotsubo syndrome. #There are rare exceptions to
these criteria, such as those patients in whom the regional wall motion abnormality is limited to a single coronary territory. **It is possible that a patient with obstructive coronary atherosclerosis may also
develop stress cardiomyopathy. However, this is very rare in our experience and in the published data, perhaps because such cases are misdiagnosed as an acute coronary syndrome. In both of the above
circumstances, the diagnosis of stress cardiomyopathy should be made with caution, and a clear stressful precipitating trigger must be sought.

BNP ¼ B-type natriuretic peptide; LBBB ¼ left bundle branch block; LV ¼ left ventricular; NT-BNP ¼ N-terminal pro–B-type natriuretic peptide.
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TRIGGER FOR STRESS CARDIOMYOPATHY

Emotional and/or physical stress are triggers for
stress cardiomyopathy. The most common emotional
stressors reported include the death of a loved one,
assault and violence, natural disasters, great financial
loss, with most involving a sense of doom, danger,
and/or desperation (5,39). Episodes of stress cardio-
myopathy may, however, also follow unexpected
pleasant events, “happy heart syndrome” (40).

Physical stressors reported include acute critical
illness, surgery, severe pain, sepsis, and exacerba-
tions of chronic obstructive pulmonary disease or
asthma. In addition, central nervous system disor-
ders, such as seizures, ischemic or hemorrhagic
stroke, encephalitis/meningitis, head trauma, poste-
rior reversible encephalopathy syndrome, and
advanced acute lateral sclerosis, have emerged as
triggers. These conditions have been referred to as
“Takotsubo phenocopies” to differentiate them as
conditions of neurogenic stunning myocardium
distinct from “classic” stress cardiomyopathy, but
they share a common pathophysiology characterized
by intense CANS activation (5,22,41–43). A compre-
hensive list of associated triggers reported in the
published data is detailed in Online Table 1.

Obviously, not every subject develops the car-
diomyopathy following a stressful event, and stress
cardiomyopathy episodes without any identifiable
stressful trigger have been described in 30% to 35%
of the cohort series (44,45). This finding may be
due, in part, to the protective (or maladaptive)
influence of psychosocial factors, including indi-
vidual coping style, existing social supports, and
pre-existing mental health comorbidities at the time
of the event.

https://doi.org/10.1016/j.jacc.2018.07.072


CENTRAL ILLUSTRATION Pathophysiology of Stress Cardiomyopathy

Medina de Chazal, H. et al. J Am Coll Cardiol. 2018;72(16):1955–71.

In a predisposed individual, who may have enrichment in NPY/norepinephrine granules and risk factors for endothelial dysfunction, an intense stimulation for an

adrenergic stimulation may be sufficient to trigger stress cardiomyopathy in response to emotional or physical stress. Stress-related neuropeptides stored in the

pre-synaptic terminations of postganglionic neurons at level of CANS may suddenly spill at myocardial level, and through a direct catecholamine toxicity and/or

microvascular dysfunction, explain the prevailing theory of a neurogenic-mediated mechanism of myocardial stunning.
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RISK FACTORS

The typical patient with stress cardiomyopathy is
a postmenopausal woman who has experienced
severe, unexpected emotional stress in the prior 1 to
5 days. This is often superimposed on a background of
elevated levels of stress or anxiety, or an anxiety or
panic disorder (37–39), but it may also be unheralded.
Diabetes mellitus has been described as a risk factor
for stress cardiomyopathy; it is present in 10% to 25%
of patients, and is associated with increased mortality
(46). Diabetes mellitus leads to neuroautonomic
nerve remodeling and an up-regulation of vasoactive
neuropeptides like NPY, which may lead to enhanced
susceptibility to stress cardiomyopathy and arrhyth-
mias (46–48). Asthma exacerbation is another
possible trigger of stress cardiomyopathy, mainly
following medical interventions (short acting ß2
adrenergic receptor agonist, epinephrine and intu-
bation) (49,50). The etiology of stress cardiomyopa-
thy in the course of an asthma attack is not
understood. The asthma attack itself may represent
an emotional and physical trigger and the b2-mimetic
drugs could promote stress cardiomyopathy (25,50). A
link, however, exists between higher NPY levels and
stress-induced asthma, by which these conditions
may, on the one hand, trigger stress cardiomyopathy
by releasing more NPY in the myocardium, or on the
other hand, they may simply reflect conditions of
enhanced NPY production (51).

Cannabis use disorder has been identified as a risk
factor for stress cardiomyopathy and is associated
with a 3-fold higher risk of cardiac arrest (52).
Endogenously produced cannabis-like substances
(endocannabinoids) have also shown to have cardio-
vascular effects by reducing cardiomyocyte contrac-
tility (53). Cannabinoids induce NPY expression in the
arcuate nucleus in the hypothalamus, which is
considered to be central in CANS-dependent regula-
tion of cardiac function (54,55). Similarly, subarach-
noid hemorrhage and ischemic stroke induce intense
endocannabinoid production, possibly being impli-
cated in the neurogenic myocardial stunning (56).
Stress cardiomyopathy among patients treated with
serotonin norepinephrine reuptake inhibitors and/or
during serotoninergic syndrome support the hypoth-
esis of catecholamine storm and subsequent ventric-
ular dysfunction (57).

CLINICAL SUBTYPES: PRIMARY AND

SECONDARY STRESS CARDIOMYOPATHY

Stress cardiomyopathy can be classified according
to either primary or secondary form, depending
on whether it is the primary reason of care-seeking
(primary form) or the patient is already in the
health care setting during evaluation or treatment of
another critical illness (secondary form). Differenti-
ating these 2 situations is relevant due to their
different characteristics and clinical outcomes. In
its primary form, patients are usually admitted to a
specialized cardiac care unit and are usually treated
with aspirin and anticoagulant agents (58). In its
secondary forms, patients are already in the health
care setting during evaluation or treatment of
another critical illness and often present insidiously
in a wide range of clinical and surgery settings. In
these situations, clinical presentations include
arrhythmias, hypotension, acute pulmonary edema,
abnormal ECG, or troponin elevation (59), and
unless a high degree of suspicion is present, the
diagnosis can be missed and the patient can be
mismanaged.

ANATOMICAL VARIANTS

Since its first detailed description, stress cardio-
myopathy with wall motion abnormalities resem-
bling “Takotsubo” or octopus pot, with a narrow
neck and globular lower portion in the apical
ballooning form, remains the typical pattern and
is present in 75% to 80% of patients (10,60). The
apical ballooning syndrome is easily recognized
due to its characteristic morphology and is associ-
ated with typical complications of apical akinesis
(thrombus formation) and of basal hyperkinesis
(LVOTO and MR due to systolic anterior movement
of the mitral leaflet).

The midventricular ballooning pattern, in which
the mid-LV is hypo or akinetic, with normal apical
and basal contraction, is present in 10% to 20% of
patients and is associated with more severe reduction
in cardiac output and cardiogenic shock. The basal or
inverted Takotsubo is found in <5% of patients (10,11)
and is associated with less severe hemodynamic
compromise.

Other rare variants include biventricular dysfunc-
tion and isolated right ventricular (RV) compromise,
which are associated with severe hemodynamic
compromise and shock, and localized focal dysfunc-
tion that are more benign in nature and resemble
cases of focal myocarditis (Table 2). The reason
beyond the different anatomical variants is unclear.
The higher b-adrenoceptor density in the apical
myocardium may account for the greater suscepti-
bility of the apex to the cardiac sympathetic stimu-
lation, but this finding has never been replicated in
humans (7).



TABLE 2 Anatomical Variants of Stress Cardiomyopathy

Variant Prevalence Considerations

Apical ballooning (typical) 75%–80% Can be associated with
left ventricular outflow tract
obstruction and/or apical
thrombus formation

Variable prognosis

Midventricular 10%–20% Severe left ventricular
dysfunction

Acute heart failure syndrome
is common.

Basal or inverted 5% Less severe hemodynamic
compromise

Biventricular <0.5% Severe hemodynamic
compromise and cardiogenic
shock

Focal dysfunction Rare Benign course, more commonly
associated with chest pain

TABLE 3 InterTAK Diagnostic Score

Criteria Points

Female 25

Emotional trigger 24

Physical trigger 13

Absence of ST-segment depression 12

Psychiatric disorders 11

Neurologic disorders 9

QTc prolongation 6

Diagnosis (Cutoff Value [Range 0–100])

‡50 £31

Takotsubo Acute coronary syndrome

(Specificity 95%) (Specificity 95%)
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CLINICAL FEATURES

The typical patient with stress cardiomyopathy is a
postmenopausal woman who presents with acute or
subacute onset of chest pain (>75%) and/or shortness
of breath (approximately 50%), often with dizziness
(>25%) and occasional syncope (5% to 10%) (10,61). In
the majority of the cases, the patient has experienced
an emotional or physical stress that he/she may not
share with the health care provider unless asked. In
some cases, the event is rather minor and would go
unnoticed if the diagnosis of stress cardiomyopathy is
not suspected, and the patient is not appropriately
questioned.

Chest pain usually has typical characteristics of
angina. Shortness of breath is usually the result of
pulmonary edema. Dizziness and syncope derived
from hypotension and hypoperfusion and may indi-
cate life-threatening cardiogenic shock or ventricular
arrhythmias. Presentation with stroke-like symptoms
is uncommon. Cardiac arrest due to ventricular ar-
rhythmias is possible (62).

The physical examination of a patient with stress
cardiomyopathy generally reveals a patient who is in
respiratory distress, tachycardic, hypotensive, cold at
touch, with narrow pulse pressure, S3 gallop, jugular
vein distention and crackles/rales at the bases and,
often, a systolic ejection murmur (due to LVOTO and
MR), and, rarely, lower extremity edema.

DIAGNOSIS

The diagnosis of stress cardiomyopathy is based on
the demonstration of a regional LV wall motion ab-
normality beyond the territory perfused by a single
epicardial coronary artery that is reversible in nature
and is often associated with an emotional or physical
stress. As such, a definite diagnosis cannot be estab-
lished at presentation because of the need to
demonstrate the reversible nature of the condition,
although some clinical features are highly predictive
of stress cardiomyopathy.

PRE-TEST PROBABILITY. The presumptive diagnosis
of stress cardiomyopathy starts with the assessment
of the pre-test probability. The InterTAK Interna-
tional Registry Group has developed a simple scoring
system that takes into account 5 clinical variables
from history and 2 variables from the ECG to create a
score that translates into a probability of stress car-
diomyopathy (InterTAK diagnostic score) (63)
(Table 3). According to this tool, a female patient
with a history of psychiatric disorder, presenting with
chest pain after an emotional stress, and without
ST-segment depression on ECG has a score of 72 and a
probability of stress cardiomyopathy of 90%; the
same patient without psychiatric disorder or an
identifiable stress and with ST-segment depression
would have a score of 25 and a probability of 0.3%. As
discussed in the prior section, “Risk Factors,” novel
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factors are being recognized that are not featured in
this tool, but should be taken in consideration.

ELECTROCARDIOGRAM. The 12-lead ECG at hospital
admission is central in the evaluation of all patients
with chest pain, shortness of breath, and/or dizziness.
The ECG is abnormal in most patients with stress
cardiomyopathy (>95%) (11), usually showing
ischemic ST-segment and T-wave changes (11,60).
T-wave inversion, often deep and widespread, and
significant QT prolongation, usually developing 24 to
48 h after the onset of symptoms or the precipitating
stressful trigger, are rather specific of stress cardio-
myopathy, and represent 1 of the assessment points
in the InterTAK Diagnostic Score Tool (63,64). ST-
segment elevation involving precordial leads is also
seen only in about 40% of the cases (5,61,65,66),
generally leading to emergent coronary angiography.
ST-segment depression is uncommon, occurring
in <10% of patients, and its presence should suggest
an alternate diagnosis of ACS, as also suggested by
the InterTAK Diagnostic Score tool (10,63).

QTc prolongation may progress over time to exceed
500 ms, predisposing to polymorphic ventricular
tachycardia (torsade de pointes) and ventricular
fibrillation; as such, every patient with stress cardio-
myopathy requires ECG telemetry monitoring for at
least 48 to 72 h or until resolution of the QTc pro-
longation (64).

The ECG has been used as a tool to differentiate
between stress cardiomyopathy and acute myocardial
infarction (AMI) (67). The most differentiating criteria
included ST-segment elevation in AVR, which when
combined with ST-segment elevation in anteroseptal
leads (more than 2 of 3 leads in V1-V2-V3), was 100%
specific for stress cardiomyopathy versus ACS, with
predictive positive value (PPV) of 100% but negative
predictive value (NPV) of 52% and a sensitivity of
12%. In the non–ST-segment elevation setting, ST-
segment elevation in AVR combined with concomi-
tant T-inversion in any lead was 100% specific of TS
with 100% PPV but also with a low sensitivity (8%) in
1 series (67). The absence of reciprocal changes, the
absence of abnormal Q waves, and the sum of ST-
segment elevation in leads V4 to V6 more than the
sum of ST-segment elevation in leads V1 to V3, have
also differentiated stress cardiomyopathy from ACS
with high sensitivity and specificity (68). However,
due to possible overlap and dynamic ECG changes in
most cases, emergency coronary angiography and
ventriculography are performed to confirm the un-
derlying diagnosis.

BIOMARKERS. Cardiac troponin T or I, measured by
conventional assays (not high sensitivity), are
elevated in >90% of patients (61), and peak troponin
levels are generally <10 ng/ml (10), which is sub-
stantially lower than in classical ACS. Creatine-kinase
myocardial band (CK-MB) is only mildly elevated in
most patients with stress cardiomyopathy (58).
Typically, there is a discrepancy between the minimal
elevation in biomarkers compared with the extensive
wall motion abnormalities during the early stage.

Serum cardiac natriuretic peptides (BNP and pro-
BNP) are almost always elevated, with higher levels
correlating with the degree of ventricular wall motion
abnormalities (26,69) and usually greater than those
observed with ACS (10). The peak occurs at 48 h after
presentation, and with elevation up to 3 months (69).
Due to the marked difference among troponin, CK-
MB, and BNP elevation, the BNP/troponin and BNP/
CK-MB ratios may help to differentiate between
stress cardiomyopathy and ACS with greater accuracy
than BNP alone (70). Markers of renal function and
lactate are monitored as a surrogate for cardiac
output.

ECHOCARDIOGRAPHY. Transthoracic echocardiog-
raphy with color and tissue Doppler is the preferred
noninvasive imaging test for patients with suspected
stress cardiomyopathy (11). A global LV akinesis/
dyskinesis with a classic circumferential pattern
involving the entire apex (most common) or the
midventricular or basal segments would be sugges-
tive of stress cardiomyopathy. The diagnosis is
generally straightforward in its classic apical
ballooning form. Apical ballooning is often associated
with other suggestive features, such as LVOTO due to
basal hypercontractility, and MR due to systolic
anterior movement of the anterior leaflet of the mitral
valve. It can be, however, very challenging to differ-
entiate apical ballooning from anteroapical stunning
due to myocardial ischemia in the case of left anterior
descending artery occlusion, especially if the artery is
large and wraps around the apex. It can be also
deceiving to see diffuse wall motion abnormalities in
patients with multivessel CAD. Because of the dy-
namic nature of stress cardiomyopathy, a compre-
hensive serial echocardiographic examination should
be systematically performed to evaluate for the
occurrence of complications and eventually ensure
the reversal of wall motion abnormalities.

CORONARY ANGIOGRAPHY. Most patients with
suspected stress cardiomyopathy undergo emergent
or urgent coronary angiography to rule out ACS.
However, not every patient with suspected stress
cardiomyopathy needs an invasive assessment for
coronary atherothrombosis. The decision to proceed
with a coronary angiogram should be made on a
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case-by-case basis. It is also important to consider
that many elderly patients will have underlying CAD
that may not be causing acute ischemia (bystander
disease) and thus would not represent ACS (71).
Finally, whether 1 patient can have both ACS and
stress cardiomyopathy is still object of discussion,
but considering how common ACS is and that it
represents both an emotional and physical stress,
this option needs to be considered (72,73). In most
cases of suspected stress cardiomyopathy, a ven-
triculography is performed unless contraindicated
(i.e., suspected apical thrombus), as it is diagnostic
for the syndrome and is particularly useful for the
midventricular form, which may be more difficult to
visualize at echocardiography.

CARDIAC MAGNETIC RESONANCE. Cardiac magnetic
resonance (CMR) allows visualization of myocardial
edema, inflammation, and scarring with the use of
delayed gadolinium enhancement (DGE). CMR also
provides more complete views of the RV than echo-
cardiography (74). During the acute phase of stress
cardiomyopathy, T2-weighted CMR shows myocardial
edema as high-signal intensity in the acute phase (71).
In stress cardiomyopathy, the area of edema usually
matches with the area of wall motion abnormalities
differently from that seen in ACS, in which edema
distribution follows the epicardial coronary artery
territory, or myocarditis, in which the edema tends to
be basal, lateral, and subepicardial (75). In general,
the absence of macroscopic fibrosis as documented by
the lack of a DGE is a classic hallmark for stress car-
diomyopathy (76), helping to differentiate it from
ACS—where DGE is always present to some degree—
and myocarditis, where 88% of patients show a pat-
chy type of DGE (77). However, there have been some
cases of DGE in stress cardiomyopathy in the acute
phases (up to 40% in one series), but even when DGE
is present, it is frequently less bright than the DGE
associated with myocardial infarction (signal
intensity <5 SDs) with concentric transmural exten-
sion to the mid and apical LV wall (75,78,79). The
difference between these studies may be in the
threshold of signal intensity used to define the pres-
ence of DGE, as the signal intensities are lower in
stress cardiomyopathy than in these other conditions
(74,78). Furthermore, especially in the setting of
apical ballooning pattern, delayed enhancement CMR
demonstrates higher sensitivity and specificity than
echocardiography in detecting LV thrombi and
differentiating thrombi from surrounding myocar-
dium (80).

CORONARY COMPUTED TOMOGRAPHY ANGIOGRAPHY.

Coronary computed tomography angiography may be
considered in patients with limited acoustic windows
and contraindication for CMR. The main application
is in evaluating epicardial coronary arteries to
exclude high-grade stenosis (81). Coronary computed
tomography angiography has been proposed as a
noninvasive imaging modality alternative to angiog-
raphy to exclude coronary culprit lesions in selected
stable patients and a convincing clinical and echo-
cardiographic picture of stress cardiomyopathy
(11,78,79,82).

DIFFERENTIAL DIAGNOSIS

When approaching a patient with suspected stress
cardiomyopathy, it is important to consider the dif-
ferential diagnosis (Table 4).

ACUTE CORONARY SYNDROMES. Clinicians should
be aware of stress cardiomyopathy due to overlap
with ACS in their clinical presentation and ECG ab-
normalities. ACS due to atherosclerotic plaque com-
plications needs to be promptly recognized, and
coronary angiography may be useful to demonstrate
that the extent and location of the epicardial coronary
artery lesion(s) does not match the territory of the
observed wall motion abnormalities. In addition,
among patients with ACS, vasospastic angina or
Printzmetal angina represents an important epicar-
dial cause of myocardial infarction with no obstruc-
tive coronary atherosclerosis (83). Coronary artery
vasospasm usually occurs at a localized segment of an
epicardial artery, but sometimes involves 2 or more
segments of the same (multifocal spasm) or of
different (multivessel spasm) coronary arteries.
Spasm can occur in angiographically normal coronary
vessels, but more commonly occurs at the site of
atherosclerotic plaques of variable severity. Some
authors documented spontaneous or induced coro-
nary artery spasm in stress cardiomyopathy, sug-
gesting the possible causative role of the sustained
epicardial coronary artery into pathogenesis (84) by
including it in the spectrum of vasospastic angina.
Different from stress cardiomyopathy, vasospastic
angina is characterized by episodes of angina at rest
during the night or early in the morning of much
shorter duration, and a history of repetitive episodes
over a period of weeks or months associated with
diffuse ST-segment elevation. It is uncommon, but
possible, for ACS and stress cardiomyopathy to
coexist; this should be considered when there is a
clear culprit coronary artery lesion, yet the regional
wall motion abnormalities are out of proportion to the
CAD extending beyond one district, often in a
circumferential pattern (72,73).



TABLE 4 Differential Diagnosis of Stress Cardiomyopathy

Clinical Presentation ECG Findings Echocardiography Coronary Angiography CMR Biomarkers

Stress cardiomyopathy

Chest pain, dyspnea, syncope,
arrhythmias, sudden
cardiac death. Usually in
older female patient
triggered by an emotional
or physical stress

ST-segment elevation,
T-wave inversion,
QTc prolongation

Apical, midventricular,
basal, or focal hypo/
akinesia

Absence of obstructive
CAD or angiographic
evidence of acute
plaque rupture

Edema: transmural ventricular
edema in the areas of
ventricular dysfunction

Cine-CMR: regional wall motion
abnormalities according to the
anatomical patterns

No DGE (cut-off >5 SD)

NT-proBNP and
BNP [[

Troponin and CK-
MB mildly [

Myocardial infarction

Chest pain, dyspnea,
arrhythmias, sudden
cardiac death

ST-segment elevation,
ST-segment depression

and/or T-wave
inversion

Regional wall motion
abnormalities
according to
epicardial coronary
artery distribution

Coronary artery disease
with acute plaque
rupture, thrombus
formation, and
coronary dissection

Edema: Subendocardial or
transmural at sites of wall
motion abnormalities.

Cine-CMR: Regional wall motion
abnormalities according to
epicardial coronary artery
distribution

DGE: Bright DGE, typically
subendocardial or transmural
in an epicardial coronary artery
distribution

Troponin and CK-
MB levels[[

BNP and NT-
proBNP mildly [

Myocarditis

Chest pain, dyspnea, acute
heart failure, sudden
cardiac death. Usually in
young or middle-age
populations, often
preceded by an upper
respiratory infection or
enteritis

Nonspecific ST–T-wave
changes (diffuse ST-
segment elevation is
usually seen in
myopericarditis)

Global systolic
dysfunction
(sometimes regional
or segmental).
Pericardial
involvement may be
also present.

Absence of obstructive
CAD or angiographic
evidence of acute
plaque rupture

Edema: Subepicardial, basal and
lateral

Cine-CMR: Usually global unless
regional edema/LGE is severe

DGE: Low intensity or bright DGE
is often present with a focal,
“patchy,” subepicardial or
midventricular noncoronary
distribution

Troponin and CK-
MB mildly [

BNP and NT-
proBNP mildly [

CAD ¼ coronary artery disease; CK-MB ¼ creatine kinase-myocardial band; CMR ¼ cardiac magnetic resonance; DGE ¼ delayed gadolinium enhancement; ECG ¼ electrocardiography; HF ¼ heart failure;
RV ¼ right ventricle; other abbreviations as in Table 1.
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CARDIOMYOPATHY ASSOCIATED WITH PHEO-

CHROMOCYTOMA. Pheochromocytoma is a neuroen-
docrine catecholamine-secreting tumor, originating
from chromaffin cells within the adrenal medulla or
extra-adrenal paraganglia associated with paroxysmal
elevation in blood pressure, headache, sweating, pal-
pitations, chest pain, and panic attack. Several
catecholamine-induced cardiovascular complications
have been described, including a cardiomyopathywith
global dysfunction. Symptoms in patients with pheo-
chromocytoma are generally chronic or subacute.
Stress cardiomyopathy and pheochromocytoma may
coexist, and it is easy to imagine that chronically
elevated circulating catecholamines may be a risk
factor for stress cardiomyopathy (85,86). To further
complicate the picture, occasionally patients with
pheochromocytoma may present with acute lympho-
cytic myocarditis and small area of focal myocardial
fibrosis with DGE detected by CMR (87).

ACUTE MYOCARDITIS. Myocarditis may present
with clinical symptoms and chest pain or signs of
congestive HF or in a subacute pauci-symptomatic
form. An elevation in cardiac biomarkers associ-
ated with ECG abnormalities and imaging findings
of global systolic dysfunction are often seen,
although the pattern of wall motion abnormality
may be regional or segmental, usually affecting the
inferolateral wall. The pattern of dysfunction is
unlikely to be one of apical ballooning or of basal
hypokinesis (inverted Takotsubo). CMR is a useful
tool to confirm the diagnosis, and the pattern of
DGE at CMR is useful to distinguish myocarditis
from stress cardiomyopathy. In myocarditis, DGE
preferentially involves the epicardium and mid-
myocardium with sparing of the endocardium,
whereas in stress cardiomyopathy, DGE is often
absent.

COMPLICATIONS

In stress cardiomyopathy, left ventricular function
returns to normal within a few weeks; however,
several complications may occur before the systolic
function recovers, and the in-hospital mortality is as
high as 5% (10,30,31,88,89).

ACUTE HF AND CARDIOGENIC SHOCK. Systolic HF is
the most common complication in the acute phase,
affecting 12% to 45% of patients (5,12,41,88).
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Independent predictors are advanced age, lower left
ventricular ejection fraction (LVEF) at presentation,
higher admission and peak troponin levels, mid-
ventricular pattern, RV involvement, and a physical
(vs. emotional) stressor. Patients with acute HF pre-
sent with shortness of breath, dizziness, occasional
syncope, tachycardia, and lactic acidosis. Acute HF
may be the result of complications such as LVOTO
and MR. In absence of complications, the echocar-
diogram shows severely reduced stroke volume due
to a reduced LVEF in a non-dilated LV.

LV OUTFLOW TRACT OBSTRUCTION. In the classic
apical ballooning forms, the hypercontractility of the
basal LV segments can lead to LVOTO and mitral
valve systolic anterior motion due to Venturi effect,
which leads to MR and occurs in 14% to 25% of pa-
tients (90,91). These cases are the most severe and the
most difficult to treat, because the presence of LVOTO
and MR further impedes LV systole. It is important to
determine the presence of LVOTO, because inotropic
agents may worsen the obstruction and cardiogenic
shock. The presence of obstruction can be suspected
by the presence of an ejection systolic murmur with
loud S2, and it is visualized at Doppler echocardiog-
raphy or at pressure waveform assessment at pull-
back after ventriculography. An instantaneous
gradient >25 mm Hg is considered hemodynamically
significant, and a gradient $40 is associated with high
risk.

ARRHYTHMIAS. Arrhythmias occur in nearly one-
quarter of patients. Atrial fibrillation has been re-
ported in about 5% to 15% of patients (92,93) and is
associated with lower LVEF and higher incidence of
cardiogenic shock (94). Ventricular arrhythmias occur
in 4% to 9% of patients during the acute phase
(92,93). Torsade de pointes complicating stress car-
diomyopathy is observed in the setting of QT interval
prolongation >500 ms (95). Other arrhythmias are
less frequent (93). The risk of arrhythmias appears to
be elevated until the ECG remains abnormal with T-
wave inversion and/or QT remains prolonged and
LVEF remains depressed.

SYSTEMIC THROMBOEMBOLISM. LV thrombus for-
mation is a known complication, especially in its
apical forms, which can lead to embolization and
stroke (occurring in 2% to 9% of cases) (92,96,97). The
highest risk of thrombi is at 2 to 5 days after symptom
onset, when LV function is still depressed (96,97).
Thrombus may resolve with 2 weeks of anti-
coagulation; however, a late occurrence has also been
described (98), highlighting the importance of follow-
up echocardiography in patients diagnosed with
stress cardiomyopathy. Cerebrovascular embolic
events may occur in up to 17% of patients in the
presence of LV thrombi (97). For this reason, all pa-
tients with stress cardiomyopathy and apical
ballooning or other large areas of wall motion ab-
normality should be considered for systemic anti-
coagulation until LVEF recovers.

INTRAMYOCARDIAL HEMORRHAGE AND RUPTURE.

Intramyocardial hemorrhage and ventricular wall
rupture have been reported in patients in stress car-
diomyopathy and reflect severe parcellar ischemia-
reperfusion injury. These cases are very rare, and
are generally diagnosed postmortem (62,99). Factors
associated with hemorrhage and rupture are
advanced age, hypertension, persistent ST-segment
elevation, and lower frequency of b-blocker use (99).

MANAGEMENT

To date, there have been no randomized trials to
define the optimal management of patients with
suspected stress cardiomyopathy. The goal of treat-
ment is supportive care to sustain life and to mini-
mize complications until full recovery, which usually
occurs within a few weeks. In mild cases, either no
treatment or a short course of limited pharmacolog-
ical therapy may be sufficient. In severe cases
complicated by progressive circulatory failure, some
patients need to be considered for mechanical circu-
latory support as a bridge to recovery.

ECG MONITORING. As a general consideration, pa-
tients need admission to an acute cardiac or medical
unit with continuous ECG monitoring, given the risk
of arrhythmias, particularly in the setting of pro-
longed QTc interval. In the absence of QT prolonga-
tion or arrhythmias, monitoring for 48 h is considered
sufficient.

TREATMENT OF HF. Treatment of HF in patients
with stress cardiomyopathy is based on relief of
congestion and hemodynamic support in case of low
cardiac output state. It is essential to determine the
pattern of cardiomyopathy and the presence or
absence of LVOTO, which is usually obtained
through transthoracic echocardiography. For
patients with pulmonary congestion and without
hypotension or signs of low cardiac output, the
treatment is aimed at reducing venous return with
venodilators (i.e., nitroglycerin, nitroprusside, or
nesiritide) and with diuretic agents. Arterial vasodi-
lators can be used in patients with systemic arterial
hypertension; however, caution is needed to avoid
worsening of LVOTO. Low-dose b-adrenergic



FIGURE 1 Acute Treatment of Patients With Stress Cardiomyopathy and Hemodynamic Compromise
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In patients with no hemodynamic instability and pulmonary congestion, treatment is directed to relief congestion with diuretic agent and

vasodilators. Arterial vasodilators and b-adrenergic blockers are useful especially if hypertension is present. For patients with hemodynamic

instability (hypotension/shock), treatment depends on the presence of LVOTO obstruction. In the absence of LVOTO, inotropic agents, and if

not sufficient, mechanical left ventricular assist devices (IABP, Impella) should be considered. In the presence of LVOTO, intravenous fluids

and low dose of short-acting b-adrenergic blockers (i.e., esmolol or metoprolol) may be used with caution to reduce the LVOTO or

peripherally active vasopressor drugs (i.e., phenylephrine or vasopressin) to maintain adequate perfusion pressure as a temporizing solution

to LVOTO resolution or mechanical support. Extracorporeal membrane oxygenation is used as a mechanical cardiac assist device for refractory

cases of stress cardiomyopathy with LVOTO or biventricular failure. ACEinh ¼ angiotensin-converting enzyme inhibitors; ARB ¼ angiotensin II

receptor blockers; ARN ¼ angiotensin II receptor blocker neprilysin inhibitors; ECMO ¼ extracorporeal membrane oxygenation; IABP ¼ intra-

aortic balloon pump; ISDN ¼ isosorbide dinitrate; LVOTO ¼ left ventricular outflow tract obstruction.
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receptor blockers can be added to treat hypertension
in patients who are hemodynamically stable, and
they may be particularly useful in cases with LVOTO,
as they can reduce basal hypercontractility and may
relieve obstruction.

For patients with hypotension and shock, the
treatment differs substantially based on where there
is evidence of LVOTO or not. In the absence of
obstruction, drugs with positive inotropic action
(i.e., dobutamine, milrinone, dopamine, or levosi-
mendan) can be considered to increase cardiac
output; however, even if there is no LVOTO at
baseline, a short-term follow-up assessment is
needed to ensure that the addition of an inotrope



TABLE 5 Stress Cardiomyopathy in Young Individuals

Epidemiology
Rare in younger than age 60 yrs

<10% in #55 yrs of age
<2% in #35 yrs of age

Comorbidities
Psychiatric disorders

Schizophrenia
Anorexia nervosa

Triggers
Often physical triggers

Pregnancy/delivery
Medications (catecholamines/anesthetics)
Drugs of abuse (cannabis/amphetamines)

Anatomical Pattern/Variant
More often atypical forms

Basal (inverted Takotsubo)
Midventricular

Prognosis
High risk

High risk of arrhythmias
Hemodynamic instability
Greater propensity for recurrence
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did not cause obstruction to occur. If inotropic
agents are not sufficient, vasopressor drugs (i.e.,
phenylephrine, norepinephrine, or vasopressin)
should be considered at the lowest possible dose
and as a temporizing agent as a bridge to mechan-
ical support with a left ventricular assist device or
as a bridge to recovery. Aortic counterpulsation
with the intra-aortic balloon pump (AutoCAT 2
WAVE, Arrow, Limerick, Pennsylvania) (100) and
percutaneous left ventricular assist device through
Impella (Abiomed, Danvers, Massachusetts) (101) are
well suited to provide temporary support.

For patients with shock and LVOTO with or without
MR, treatment is very challenging. Inotropic agents
need to be avoided as they are likely to further in-
crease obstruction by augmenting basal hyper-
contractility. Indeed, if the patient is already on
inotropic drugs, then a reduction in dose or suspen-
sion is indicated and intravenous fluids given, as
these actions may reduce obstruction and favor reso-
lution. If severe LVOT is present and the patient is not
bradycardic, the use of a low dose of short-acting b-
adrenergic receptor blocker (i.e., esmolol, metoprolol)
can be attempted to reduce the LVOTO (102), which
may result in an improvement in cardiac output. In
case of shock with LVOTO, the use of peripherally
acting vasopressor drugs (i.e., phenylephrine or
vasopressin) may be indicated, as it increases blood
pressure without increasing LV obstruction; however,
these agents may further worsen cardiac output if
they fail to improve LVOTO. If medical therapy is not
sufficient, a mechanical cardiac assist device should
be considered. For the more severe cases of shock,
support is often provided by means of extracorporeal
membrane oxygenation (103). Figure 1 shows the
proposed treatment algorithm.

PREVENTION OF ARRHYTHMIAS. Large registries
have failed to show any benefit of b-adrenergic re-
ceptor blockers on in-hospital outcomes; however, no
randomized clinical trials have been completed.
Treatment with b-blockers may protect against ma-
lignant arrhythmias (104) and cardiac rupture (99).

PREVENTION OF THROMBOEMBOLISM. The low-
flow state associated with akinesis and the procoa-
gulant state associated with the acute phase of stress
cardiomyopathy (105) are such that up to 10% of pa-
tients with stress cardiomyopathy develop ventricu-
lar thrombi and are at high risk for thromboembolic
events. There are no randomized controlled trials on
this topic, and the best strategy is not defined. Sys-
temic anticoagulation should be considered in pa-
tients with large areas of akinesis and continued until
the LVEF has recovered. For those patients with
thrombus formation, treatment is recommended for
3 months.

PREVENTION OF RECURRENCE AND CHRONIC

TREATMENT. Although stress cardiomyopathy is
reversible, the syndrome is also recurrent. The
average recurrence rate is reported as 2% to 4% per
year (106). Recurrence as soon as 4 days (107) and as
late as 10 years (108) has been described. It is note-
worthy that it may recur as a different anatomical
variant in the same patient (109). There is currently
no evidence to guide the long-term management,
including recurrence prevention, of patients after an
episode of stress cardiomyopathy, including a meta-
analysis showing a lack of efficacy of common HF
therapies (110). Nevertheless, many experts advocate
for the use of ß-blockers in patients with increased
sympathetic tone, ongoing cardiac symptoms,
persistent anxiety, or recurrent episodes (11). In a
retrospective analysis of a large international regis-
try, the use of angiotensin-converting enzyme in-
hibitors or angiotensin-receptor blockers showed a
marginal benefit at 1-year survival (10). Calcium-
channel blockers have been associated—in retrospec-
tive nonrandomized studies—with a shorter and a
faster recovery (111) in 1 series. Given the high fre-
quency of mental health comorbidities (particularly
anxiety, depression, and substance misuse), atten-
tion should also be given to assessment (and subse-
quent referral to treatment) for psychiatric problems
and/or substance abuse that may persist and
contribute to risk of recurrence and long-term
outcomes.
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PROGNOSIS

Stress cardiomyopathy has an in-hospital mortality
of up to 5% (10,30,88,89,112). Most in-hospital
deaths occurred among patients with an unstable
presentation, including cardiac arrest or cardiogenic
shock. Recovery of LV contraction is gradual, gener-
ally occurring over 1 to 2 weeks, although the process
may be rapid within 48 h or delayed up to
6 weeks (113).

Recurrences are common, 2% to 4% per year
and up to 20% at 10 years; even after recovery of
LVEF, in contrast to previous perception, patients
who have experienced stress cardiomyopathy may
experience symptoms such as fatigue (74%), short-
ness of breath (43%), chest pain (8%), palpitations
(8%), and exercise intolerance in comparison with
control subjects with no previous stress cardiomy-
opathy. In addition, cardiac structural abnormalities
(e.g., impaired LV strain patterns) and metabolic al-
terations have been described (114). Patients with
prior episodes of stress cardiomyopathy have an
increased prevalence of anxiety disorders as a form
of post-traumatic stress disorder (115,116). Therefore,
a better understanding of the mechanisms and
the development of therapeutic interventions are
required to improve the outcome of patients with
stress cardiomyopathy.

STRESS CARDIOMYOPATHY IN

YOUNG INDIVIDUALS AND MEN

Stress cardiomyopathy in young individuals (<45
years of age) and male patients is rather infrequent
(Table 5). In the largest reported series (NIS-USA)
including 6,837 cases of stress cardiomyopathy,
1.9% of the cases were men or younger women (<35
years of age) (44). Few case reports have been
published, and some common characteristics seem
to be related to this age group. Most cases were
associated with drug abuse, alcohol, and marijuana
(52,62,117) and stimulants (cocaine [118] and
methamphetamines [119]), or withdrawal from sub-
stances such as alcohol (120–122) and opioids
(123,124), highlighting the importance for emer-
gency physicians to be aware of this when assessing
younger patients with HF. Young women presented
also a higher rate of psychiatric comorbidities and a
greater propensity for recurrence in a series (125).
Atypical patterns of LV dysfunction (basal or mid-
ventricular) are more common in young individuals
(119,126–128), further suggesting differences in the
pathophysiology of stress cardiomyopathy of the
young (Table 5).

UNRESOLVED ISSUES AND

FUTURE DIRECTIONS

There remain many unanswered questions in this
complex syndrome. Perhaps the most urgent of all is
to better understand the risk factors and pathophys-
iological mechanisms involved, as well as the clinical
physiology of the EF-recovered Takotsubo patient, to
firmly establish what type of care these patients
require long-term.

The sex predilection requires further probing into
cardiac-endocrine pathways to ascertain why this
condition appears to affect mostly women. Finally,
large epidemiological studies are needed to define the
physical and mental illnesses/personality profiles of
this population and their families, as this may provide
important clues on patterns of genetic/environmental
susceptibilities.

In terms of diagnosis, with the exceptions of cor-
onary angiography performed in the acute setting,
there are no clinical, radiological, or laboratory char-
acteristics that allow clinicians to diagnose this syn-
drome with certainty and to withhold urgent
reperfusion therapy. Elucidating these aspects might
be beneficial when considering those centers with
limited angiography availability.

Several therapeutic options are available for the
treatment of the acute phase of stress cardiomyopa-
thy. Despite any presumed clinical efficacy, there is a
gap in evidence coming from randomized and
adequately powered studies.

CONCLUSIONS

Stress cardiomyopathy is an acute cardiac disorder
with a transient left ventricular wall motion abnor-
mality, and it must be promptly differentiated from
ACS for appropriate management. Although it has
gained worldwide recognition, there remains much to
learn regarding the epidemiology and underlying
pathophysiology. Additional randomized and
controlled trials are warranted to identify the optimal
diagnostic methods and treatment.

ADDRESS FOR CORRESPONDENCE: Dr. Antonio
Abbate, VCU Pauley Heart Center, West Hospital,
West Wing 5-020, 1200 East Broad Street, P.O.
Box 980204, Richmond, Virginia 23298. E-mail:
antonio.abbate@vcuhealth.org. Twitter: @VCU,
@VCUMedResearch.
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