
Abstract 

Over recent decades, systemic inflammation as quantified with
inflammation markers or indices has been extensively investigated in
the setting of various cardiovascular conditions including heart fail-
ure (HF), acute coronary syndromes (ACS). In contrast, systemic
inflammation in patients with takotsubo syndrome (TTS) has been
an underrated phenomenon in clinical practice. On the other hand,
experimental and clinical data have been rapidly growing in the
recent years regarding pathogenetic, prognostic as well as therapeu-
tic implications of systemic inflammation in TTS. Accordingly, the
present article aims to provide a general perspective on mechanistic
and clinical aspects of systemic inflammation in the setting of TTS. 

Introduction

In clinical practice, systemic inflammation is well known to
have pathogenetic and prognostic implications in patients with

cardiovascular conditions including acute coronary syndromes
(ACS), heart failure (HF) as well as atrial fibrillation (AF) [1].
Based on recent data, this might also apply to the setting of takot-
subo syndrome (TTS) that is considered as a transient form of
myocardial dysfunction primarily associated with a variety of
emotional and physical triggers [2-4]. As analogous to ACSs, TTS
mostly presents with a variety of symptoms including chest pain,
dyspnea, etc. and certain electrocardiographic (ECG) findings
including precordial ST segment elevation, T-wave inversion [2].
Characteristically, myocardial dysfunction in patients with TTS
extends beyond the territory of a single coronary artery usually in
a circumferential manner (mostly in the absence of a culprit coro-
nary stenosis), and manifests itself as a left ventricular (LV) apical
ballooning pattern (classical form), and occasionally in the form
of atypical variants (namely midventricular, reverse, focal and dif-
fuse variants) [2]. Mechanistically, sudden myocardial stunning
usually in response to adrenergic discharge (characterized by
moderate levels of myocardial enzymes, significant levels of ven-
tricular stretch markers including N terminal pro-brain natriuretic
peptide (NT-proBNP) and absence of permanent myocyte death)
possibly accounts for these characteristic wall motion abnormali-
ties in these patients [2]. However, pathogenesis of this phenome-
non is likely multifaceted, and has yet remained to be fully estab-
lished [2-4]. More importantly, the disease course may not be so
lenient (as opposed to previous considerations) leading to a vari-
ety of in-hospital complications including malignant arrhythmo-
genesis and mechanical complications [2].

Besides the rapidly growing information on risk-stratification
and management of patients with TTS [2], there might also exist
particular implications of systemic inflammation in this specific
population. Mechanistically, systemic inflammation in the setting
of TTS might be attributable to multiple sources or triggers. More
importantly, it seems quite likely that, on top of well-known risk
stratifiers including advanced age, low left ventricular ejection
fraction (LVEF), an existing physical stressor, etc. [2], evaluation
of inflammation markers and indices might enable further risk-
stratification and hence; proper management of TTS [3]. In this
review article, we aim to highlight mechanistic and clinical impli-
cations of systemic inflammation in patients with TTS.

Systemic inflammation in TTS:
Primary sources and triggers

In this context, systemic inflammation possibly has certain
temporal and mechanistic characteristics. Accordingly, sytemic
inflammation in patients with TTS might be due to a variety of
pre-existing and/or new-onset factors including adrenergic dis-
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charge, pre-existing inflammatory stressors, myocardial inflamma-
tion, enhanced myocardial wall stress (due to myocardial dysfunc-
tion, mechanical complications including acute left ventricular
outflow tract (LVOT) gradient), and occasionally; co-existing
acute cardiac conditions including ACSs and myocarditis [1-9]. 

Severe adrenergic discharge

Adrenergic discharge, as is widely considered, appears to be
the hallmark of TTS evolution [2]. Furthermore, adrenergic dis-
charge might persist far beyond the onset of this phenomenon par-
ticularly in cases complicated by acute HF or mechanical compli-
cations [2]. Importantly, severe adrenergic discharge (as deter-
mined with excessive levels of serum catecholamines and presence
of specific findings including coronary slow flow (CSF) phenom-
enon (in major epicardial coronary arteries), measured using TIMI
frame counts (TFCs) on invasive coronary angiogram (CAG) [2,4]
might be regarded as the main trigger of systemic inflammation in
certain patients with TTS, particularly in the absence of an overt
inflammatory source. 

Mechanistically, catecholamines might potentiate systemic
inflammatory response particularly in the setting of infections
(including sepsis) and tissue injury [10-12]. Impact of adrenergic
system on systemic inflammation is largely mediated through
adrenoreceptors expressed on a variety of inflammatory cells
including neutrophils, monocytes, macrophages as well as lympho-
cytes [10,13]. In particular, substantial levels of adrenaline were
previously demonstrated to induce the release of certain pro-inflam-
matory cytokines including interleukin-6 (IL-6), IL-1β and tumor
necrosis factor-α (TNF-α) through stimulation of both alpha (α) (α-
1 and 2 subtypes) and beta (β) (β-1, 2 and 3 subtypes) adrenorecep-
tors [10]. In particular, severe adrenergic discharge was previously
reported to be associated with the emergence of pro-inflammatory
macrophage phenotype due to induction of β-2 adrenoreceptors
leading to oversecretion of IL-6 and exaggerated neutrophil traf-
ficking in an experimental model [10]. Therefore, blockade of β-2
adrenoreceptor signaling and/or IL-6 might have important thera-
peutic implications in the management of systemic inflammation, at
least, primarily driven by pro-inflammatory macrophages [10].
Likewise, substantial levels of cytokines, including IL-6, were pre-
viously reported in the setting of physically and emotionally stress-
ful scenarios characterized by adrenergic hyperactivation including
pscyhological stress, burn injuries [10] that all might be associated
with TTS evolution in the clinical setting.

Interestingly, certain reports suggest opposite effects of
adrenoreceptor subtypes on cytokine production under physiolog-
ical conditions [13,14]. Accordingly, β adrenoreceptors (mostly β-
2 subtype), as opposed to α adrenoreceptors, might have a signifi-
cant inhibitory impact on the production of certain pro-inflamma-
tory cytokines including TNF-α along with their potential to
induce the production of anti-inflammatory cytokines including
IL-10 in healthy subjects [13,14]. Therefore, diverse characteris-
tics of adrenoreceptors in the setting of systemic inflammation
might ensure stable cytokine levels in healthy subjects even when
they are exposed to short-term adrenergic discharge. 

On the other hand, a significant rise in pro-inflammatory
cytokine levels is generally encountered in the setting of HF pos-
sibly attributable, in part, to the generalized β adrenoreceptor
downregulation with consequent unopposed impact of α adrenore-
ceptors on pro-inflammatory cytokine production [13,14].
Accordingly, noradrenaline and isoproterenol-induced inhibition

of TNF-α production - by the lipopolysaccharide (LPS)-stimulated
monocytic THP-1 cells and whole blood cultures - was previously
demonstrated to be significantly reduced in patients with HF com-
pared with healthy controls [13,14]. Therefore, generalized alter-
ations in the density of adrenoreceptor subtypes might also con-
tribute to the pro-inflammatory status in patients with HF. 

More specifically, a recent immunohistochemical study has
demonstrated, for the first time, significant β adrenoreceptor
downregulation (as determined with overexpression of G protein-
coupled receptor kinase 2 (GRK2) and β-arrestin-2) in patients
with TTS as part of protective mechanisms in response to exces-
sive catecholamine levels [15]. Interestingly, the degree and extent
of β adrenoreceptor downregulation was more significant in these
patients compared with patients with dilated cardiomyopathy (D-
CMP) [15]. Therefore, β adrenoreceptor downregulation in
patients with TTS might potentially lead to overproduction of pro-
inflammatory cytokines due to unopposed α adrenoreceptor
actions on inflammatory cells. However, the issue of whether β
adrenoreceptor downregulation in the setting of TTS emerges as a
local (confined to myocardium) or generalized phenomenon
remains to be established. 

On the other hand, impact of adrenergic discharge on systemic
inflammation might also be attributable to changes in blood and
lymph flow along with altered distribution and production of pro-
inflammatory cells [16]. In this context, sympathetic innervation of
immune organs (bone marrow, spleen, timus, etc.) [17] possibly
accounts for the over-production of pro-inflammatory cells along
with their consequent spillover into the circulation during adrener-
gic hyperactivation (as in the setting of TTS). 

Conversely, circulating cytokines might also have the potential
to stimulate adrenergic system and hypothalamo-pituitary-axis
(HPA) largely through CNS signaling as part of stress management
strategies including energy production (through utilization of fatty
acids, glucose) for the increased demands of activated pro-inflam-
matory cells [16]. Therefore, there seems to be a positive loop
between adrenergic discharge and systemic inflammation, at least,
at the systemic level. Taken together, the above-mentioned notions
might potentially suggest adrenergic discharge as a strong trigger
of systemic inflammation in patients with TTS. Nevertheless,
potential association between adrenergic system and systemic
inflammation has been investigated mostly in experimental mod-
els, and requires further clinical research. 

Pre-existing inflammatory stressors

A variety of pre-existing inflammatory conditions including
infections, malignancy, major surgery, major burns (serving as TTS
triggers or by-stander conditions) might also arise as important
sources of systemic inflammation potentially exhibiting a close cor-
relation with adrenergic discharge in the setting of TTS [2,4]. In a
previous report, 27 out of 114 patients with TTS were diagnosed as
having cancer at the time of TTS diagnosis or on follow-up [7]. The
authors suggested a potentially common origin of these two condi-
tions [7]. However, TTS patients with cancer had higher levels of
C-reactive protein (CRP) along with higher prevalence of inflam-
mation-related arrhythmias including AF in this study [7] suggest-
ing malignancy as an important trigger of systemic inflammation,
and in particular, a strong physical stressor for TTS evolution large-
ly through enhancement of myocardial adrenoreceptor sensitivity
[6,18]. Similarly, cancer prevalence in another study was found to
be significantly higher in the setting of TTS as compared with acute
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myocardial infarction (AMI) suggesting the strong association of
paraneoplastic factors with TTS evolution [18]. In other terms,
severe systemic inflammation in the setting of cancer might have
the potential to induce spontaneous TTS episodes irrespective of
apparent stressors (emotional, etc.) [6].

Similarly, severe infections including sepsis might induce TTS
due to adverse effects of cytokines (and, to some extent,
prostaglandins and free radicals) generally manifesting as myocar-
dial contractile dysfunction and adrenoreceptor hypersensitivity
[6,18-21]. In contrast, septic cardiomyopathy (S-CMP) (a more
common phenomenon generally presenting with a global and
reversible myocardial dysfunction in septic patients) [22] was pre-
viously suggested to be characterized by myocardial adrenergic
hyporesponsiveness, reduced sensitivity of myofilaments to calci-
um, mitochondrial dysfunction and excessive nitric oxide (NO)
levels (mostly through induction of inducible nitric oxide synthase
(NOS) (NOS-2) in response to endotoxins) [19,23]. 

Based on the above-mentioned notions, it might be suggested
that pattern of myocardial adrenoreceptor responsiveness (hypo or
hyper), possibly influenced by individual variations in synthesis
and release of key mediators, might also determine the clinical
presentation pattern of acute myocardial dysfunction (TTS or S-
CMP) in patients with sepsis. Within this context, besides the well
known impact of excessive NO levels on beta adrenergic hypore-
sponsiveness (possibly associated with alterations in sarcolemmal
calcium channels [19]), PG-E2 might also impair myocardial con-
tractility in response to adrenergic stimulation through inhibition
of phosphodiesterase-4 [23]. Taken together, excessive levels of
certain mediators (including NO) in the setting of sepsis might be
associated with the evolution of S-CMP through induction of
myocardial β adrenoreceptor hyporesponsiveness. On the other
hand, TTS in patients with sepsis is characterized by β adrenore-
ceptor hypersensitivity, and possibly presents with moderate levels
of specific mediators including NO. More detailed information on
mechanisms of myocardial dysfunction in the setting of critical
diseases may be found elsewhere [19,23].

Other less common, yet; serious clinical conditions including
anaphylaxis (characterized by extreme vascular permeability in
response to certain allergens, and relatively different type of medi-
ators), Kounis syndrome (allergic coronary vasospasm and/or AMI)
and hemophagocytic lymphohistiocytosis (HLH) (characterized by
lysis of blood cells by the activated self macrophages and lympho-
cytes leading to bouts of cytokine storm associated with multiorgan
dysfunction) might occasionally serve as inflammatory physical
stessors in certain cases with TTS [20]. Cytokine-mediated mecha-
nisms of TTS evolution might also apply to the setting of other spe-
cific conditions including the latest pandemic coronavirus disease
2019 (COVID-19) particularly in the presence of severe clinical
presentations including cytokine release syndrome (CRS) [24]. In
this context, CRS has been usually regarded as a late-onset phe-
nomenon mostly in fragile subjects who have impaired cellular
immune mechanisms to combat the pathogen at the relatively earli-
er stages of COVID-19 [25]. An updated report of TTS cases in
patients with COVID-19 has been recently published [26].
Therefore, TTS should be kept in mind as a relatively rare, yet; pos-
sible cause of acute myocardial dysfunction in patients with
COVID-19, and might be associated with a variety of physical
(including virus-related hyperinflammation) and emotional (includ-
ing fear of dying, social isolation) stressors in these patients [26].

Occasionally, certain by-stander inflammatory conditions
(chronic rheumatological or autoimmune diseases, in-hospital
infectious complications (following a TTS admission) that are not
considered to account for the evolution of a particular TTS

episode) might significantly contribute to systemic inflammatory
response in patients with TTS. However, a pre-existing inflamma-
tory condition might not serve as an entirely by-stander phenome-
non even in the presence of other overt TTS stressors. Accordingly,
a background chronic inflammatory state was previously suggest-
ed to lower the threshold for the evolution of TTS in response to
emotional and physical triggers [4].

Taken together, pre-existing inflammatory conditions in the
setting of TTS mostly serve as physical stressors associated with
variable degrees of systemic inflammation and adrenergic dis-
charge. As described previously, systemic inflammatory response
also emerges in the setting of various emotional conditions [10]. In
other terms, systemic inflammation and adrenergic system, regard-
less of the type of the trigger, work harmoniously in the evolution
of TTS. However, as described later, pre-existing inflammatory
states should not simply be regarded as triggers of TTS, but also as
conditions with prognostic impact both in the short and long term.

Myocardial inflammation:
A novel concept with important implications 

Importantly, myocardial inflammation in patients with TTS
has risen as a novel entity, and might also serve as an important
source of systemic inflammation in these patients [8,9,20,27-29].
Within this context, myocardial edema throughout the whole RV
myocardium (possibly due to myocardial inflammation) on mag-
netic resonance imaging (MRI) was previously reported to persist
at 4 months in a population of 31 TTS patients with ST segment
elevation on ECG [28]. Similarly, reduction in the values of glob-
al longitudinal strain (GLS) (an echocardiographic marker of
subclinical myocardial dysfunction) were demonstrated to persist
at 3 months in a population of 36 female patients with TTS poten-
tially suggesting the impact of residual myocardial inflammation
[29]. Mechanistically, nitrosative stress (triggered by certain fac-
tors including endotoxins and adrenergic discharge) as deter-
mined with increased NO bioavailability (due to overexpression
of NOS) along with enhanced NO responsivenes might account
for myocardial vascular permeability leading to plasma leakage
and infiltration of specific pro-inflammatory cells in the intersti-
tial space [20,23]. Certain peptides associated with adrenergic
system might also contribute to local myocardial inflammation
during adrenergic hyperactivation. Accordingly, neuropeptide-Y
(co-released with noradrenaline from sympathetic nerve endings)
was previously shown to enhance adhesion of inflammatory cells
to endothelium [17] potentially facilitating recruitment of inflam-
matory cells in the extravascular space. More interestingly, natri-
uretic peptides (including BNP) were previously suggested to
inhibit the formation of reactive oxygen species (through modu-
lation of neutrophil burst) along with significant suppression of
nitrosative stress [20]. Accordingly, considerable BNP levels
might not only arise as a consequence of ventricular overstretch
but also as a counterbalancing and protective factor against
myocardial inflammation in the setting of TTS [20]. Therefore,
elevation of natriuretic peptide levels might be regarded as an
indirect evidence of myocardial inflammation in patients with
TTS [20]. 

Histopathologically, myocardial biopsy findings in cases with
TTS have revealed particular infiltration of neutrophils and
macrophages along with expansion of interstitial space, contraction
band necrosis as well as findings indicative of significantly dimin-
ished energy production (namely metabolic shut-down) including
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increased glycogen content and mitochondrial shape distortion in
cardiac myocytes [2,20]. Despite rapid recovery of systolic func-
tions, myocardial inflammation was previously reported to persist
up to 3 months in TTS cases [20]. Importantly, these histopatholog-
ical findings were accompanied by activation of survival and anti-
apoptotic pathways (including overexpression of phosphoinositide-
3 kinases (PI3K)) that provide protection against myocyte death
[20]. Experimental models of TTS have also demonstrated signifi-
cant infiltration of pro-inflammatory macropahages (M1 type), but
not anti-inflammatory and reparatory macrophages (M2 type), that
primarily account for the release of pro-inflammatory cytokines and
degradation of intercellular matrix [20,27]. In a recent experimental
rat model, early infiltration of neutrophils was soon replaced by the
predominance of M1 macrophages (within days) without a late
switch to M2 macrophages (a characteristic finding in the setting of
AMI potentially accounting for tissue healing and myocardial
remodeling) [27]. Interestingly, these findings were accompanied
by an insignificant rise in circulating cytokine levels [27].
Importantly, the authors of this study also reported similar
histopathological findings in myocardial specimens of two post-
mortem TTS hearts [27].

More strikingly, the above-mentioned observations have been
recently confirmed by a landmark clinical study that has demon-
strated local myocardial inflammation characterized by significant
infiltration of M1 type macrophages (as demonstrated with multi-
parametric cardiac MRI using particles of iron oxide -USPIO)
probably as a consequence of adrenergic discharge in patients with
TTS [8]. Interestingly, persistent systemic inflammatory response
as determined with increased pro-inflammatory monocyte
(CD14++CD16–) count and serum cytokine levels (including
CXCL1 (chemokine ligand-1), IL-8 and IL-6) was also demon-
strated to persist at 5 months in these patients [8]. However, local
myocardial inflammation, though potentially characterized by a
protracted course, was suggested as an ultimately reversible phe-
nomenon in this study [8] and in other previous MRI studies inves-
tigating myocardial characteristics of TTS based on various
parameters of myocardial inflammation [30-32]. Accordingly, low-
grade systemic inflammation might persist even after complete
recovery of myocardial contractility, and might be associated with
chronic exercise intolerance [8,9,20] potentially attributable to
inflammation- mediated subclinical myocardial dysfunction fre-
quently encountered among survivors of TTS [2,29]. Borderline
elevation in natriuretic peptide levels within the first few months
following TTS recovery might also suggest ongoing myocardial
inflammation [20] and associated subclinical myocardial dysfunc-
tion in these patients. Accordingly, these findings might provide
important therapeutic implications (including antiinflammatory
strategies) both in the acute and post-recovery stages of TTS
[8,20,27]. Taken together, it seems possible that myocardial
inflammation might directly contribute to the evolution of charac-
teristic wall motion abnormalities in patients with TTS, and might
have a potential association with persistent subclinical myocardial
dysfunction in these patients.

Finally, myocardial inflammation might also exert its effects
through indirect mechanisms in TTS evolution: It is noteworthy
that local inflammation was previously demonstrated to stimulate
CNS signaling with consequent adrenergic discharge mostly
through cytokine-mediated nociceptor (defined as a receptor acti-
vated by local noxious triggers including pain, stretch, etc.) sig-
naling and activation of afferent vagal nerves [16]. Cardiac noci-
ceptor signaling (through receptors including transient receptor
potential vanilloid-1 (TRPV1)) has been a well known phenome-
non in the setting of various conditions including myocardial

ischemia and pericarditis, and is transmitted through afferent
spinal and vagal fibers activated by a wide array of mediators
including histamine, capsaicin, adenosine and prostaglandines.
Importantly, spinal afferent nerves innervating the anterior terri-
tory of the LV is strongly associated with reflex adrenergic dis-
charge [30-33]. Since pattern of LV involvement in the setting of
TTS is mostly circumferential generally affecting the anterior ter-
ritories, local myocardial inflammation in this setting might have
the potential to induce severe reflex adrenergic discharge through
nociceptor signaling, as analogous to anterior AMI [33], along
with enhanced adrenoreceptor hypersensitivity through paracrine
impact of cytokines.

In summary, myocardial inflammation has important
histopathological implications along with its potential patho-
genetic role in the setting of TTS through direct and indirect
mechanisms (myocardial edema, cytokine impact and nociceptor
signaling). Of note, the presence, degree as well as the extent of
myocardial inflammation possibly exhibits an individual varia-
tion among patients with TTS. In this context, even though recent
MRI findings strongly suggest an existing myocardial inflamma-
tion [8], previous nuclear imaging studies using specific radio-
tracers including Gallium-67 (67Ga) found no evidence of
myocardial inflammation in certain TTS cases [34,35]. More
importantly, the issue of whether myocardial inflammation
serves as a strong contributor or just as an ‘epiphenomenon’ in
TTS evolution still remains to be fully established [20]. In other
terms, it seems quite hard to draw firm conclusions regarding
absolute contribution of myocardial inflammation to systolic
dysfunction in the affected myocardial territories. Traditionally,
complete metabolic shut-down due to sudden adrenergic stun-
ning (as confirmed with histopathological and nuclear imaging
findings) is generally held responsible for characteristic wall
motion abnormalities in TTS (mostly presenting with segmentary
akinesis) [2,20,35]. In this classical scenario, myocardial inflam-
mation seems to add little or none to the already existing severe
myocardial stunning. However, myocardial inflammation might
further aggravate myocardial dysfunction in those with partial
metabolic shut-down at the very onset of TTS. More importantly,
since significant recovery of myocardial inflammation might be
much slower as compared with restoration of myocellular meta-
bolic functions [20], TTS patients with a significant degree of
myocardial inflammation might possibly have a more protracted
disease course characterized by delayed normalization of wall
motion abnormalities. As described earlier, subclinical myocar-
dial dysfunction (possibly involving both ventricles) might also
persist up to several months in these patients after complete
recovery of overt systolic dysfunction [8,9,20). 

Interestingly, myocardial inflammation in patients with TTS
might also affect apparently normal myocardial segments [20] in a
more subtle manner. Moreover, myocardial inflammation in the
unaffected segments migh be more severe in the presence of pre-
existing inflammatory stressors (sepsis, etc.), and might potentially
impair compensatory hyperkinesis (that is of crucial importance in
the early disease course) in these segments potentially further
worsening global systolic functions. However, the above-men-
tioned notions should be tested through further imaging studies
using sophisticated tools including nuclear imaging modalities
(using specific radiotracers of local inflammation and cellular
metabolism including 67Ga, Fluorine-18-labeled fluorodeoxyglu-
cose (18F-FDG), etc. [35]. 

Figure 1 demonstrates a simplifed illustration of possible inter-
action among systemic inflammation, myocardial inflammation
and adrenergic system in the evolution of TTS. 
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Enhanced myocardial wall stress

It seems quite likely that enhanced wall stress both in the
affected and apparently healthy myocardial segments might also
serve as a potential contributor to systemic inflammation in
patients with TTS. In a previous multicentre study comprising 107
patients with TTS, enhanced myocardial wall stress was suggested
to be associated with moderately elevated brain natriuretic peptide
(BNP) levels (a biomarker reflecting myocardial wall tension) that
might also correlate with inflammation markers [36]. In the gener-
al context of HF (and particularly LV pressure overload), myocar-
dial expression and release of certain cytokines (including IL-18
and TNF-α) and growth factors are well known to be augmented as
part of pro-inflammatory signaling potentially contributing to the
emergence and perpetuation of HF largely through induction of
adverse myocardial remodeling [37,38]. This type of mechanical-
ly-induced cytokine release possibly applies to the setting of TTS
that was previously reported to have a susbstantial myocardial wall
stress in the apical as well as other segments of the LV [2,36].

Of note, the above-mentioned mechanisms might emerge in a
more striking manner in patients with TTS attributable to a pure
mechanical basis (mostly arising due to sudden increases in mid-
ventricular gradient leading to an apical ballooning pattern
[2,39,40]) or in those incurring certain mechanical complications
including acute LVOT gradient (leading to an abrupt pressure over-
load in the LV usually without myocardial preconditioning to such
pressure elevations). 

Co-existing cardiac conditions

Even though the initial definition of TTS was based on the
absence of critical coronary stenosis suggestive of ACSs [2], a por-

tion of patients with TTS might suffer co-existing ACSs on admission
or during the hospital stay in clinical practice [2,41]. A variety of risk
factors (including presence of spontaneous coronary artery dissection
(SCAD) on CAG, severe systemic inflammation, presence of physi-
cal stressors, intractable chest pain and frailty) have been previously
suggested for this particular co-existence [41]. Pathogenetically, TTS
and ACS might originate from a common trigger (for instance; an
existing severe physical stressor), or one might account for the evo-
lution of the other [41]. Given the well-known impact of ACSs on
systemic inflammation [1], a particular TTS episode co-existing with
any form of ACSs might be associated with more pronounced sys-
temic inflammation as compared with TTS in isolation.

Similarly, myocarditis (or myopericarditis) might arise as
another co-existing phenomenon that might serve as an important
source of systemic inflammation in patients with TTS suggesting
important diagnostic and prognostic implications as well [42]. In
this co-existence, TTS as the primary pathology might occasional-
ly extend pericardium leading to an inflammatory pericardial reac-
tion (myopericarditis) [43]. More rarely, TTS might trigger a
process of chemical myocarditis due to excessive levels of circu-
lating catecholamines that might potentially lead to persistent or
permanent myocardial damage [42]. In other terms, underlying
extreme adrenergic surge might have the potential to induce both
TTS and catecholamine-mediated chemical myocarditis in rare
instances. In the clinical setting, extreme adrenergic surge is well
known to be associated with life-threatening organic causes
including subarachnoid hemorrhage and pheochromocytoma. A
case of pheochromocytoma- induced myocarditis was previously
reported in a young male presenting with reversible diffuse
myocardial edema and LV hypertrophy along with persistent mid-
wall late gadolinium enhancement (LGE) [44]. Furthermore,
organic causes of adrenergic surge might also trigger TTS evolu-
tion, and are no more regarded as exclusion criteria for TTS diag-
nosis potentially suggesting co-existence of TTS and chemical
myocarditis in certain settings [2]. 
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Figure 1. Potential interaction among systemic
inflammation, myocardial inflammation and adren-
ergic system in TTS (takotsubo syndrome) evolution.
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More often, viral myopericarditis as the primary pathology
might also elicit a TTS episode due to certain stressors including
intractable chest pain, hemodynamic compromise [42]. On the other
hand, co-existing cardiac conditions might possibly go unnoticed in
patients with TTS potentially warranting a high index of suspicion
along with the use of sophisticated tools including MRI (with LGE
assessment) for diagnosis [41,42]. We also strongly encourage the
use of MRI particularly in the setting of a documented organic cause
or signs of severe adrenergic discharge (presence of severe CSF,
extreme LVOT gradient or very high levels of serum catecholamines)
to uncover a possible co-existing myocarditis in patients with TTS. 

Primary sources and triggers of systemic inflammmation in the
setting of TTS are demonstrated in Figure 2. Importantly, there
might exist multiple sources of systemic inflammation mostly
serving as contributors to and/or consequences of disease process
in the setting of TTS evolution. As described in the next section,
excessive systemic inflammation might also have prognostic
implications beyond its pathogenetic role in patients with TTS.

Inflammation markers and indices:
Prognostic implications in TTS

Systemic inflammation might be associated with important
prognostic implications in patients with TTS particularly in those

with substantial levels of inflammation markers: In other terms, the
severity of systemic inflammation as quantified with serum levels
of certain markers or indices (white blood cell (WBC) count, neu-
trophil/lymphocyte ratio (NLR) as well as mean platelet volume
(MPV) as an indirect marker of systemic inflammation) might pre-
dict adverse clinical outcomes in these patients [3]. Accordingly,
WBC count and BNP were previously suggested as independent
predictors of in-hospital adverse events (primarily defined as
death, pump failure and malignant arrhythmias including ventricu-
lar tachycardia) in patients with TTS [36). Moreover, a recent
study has documented independent associations of NLR and ratio
of WBC/MPV on admission with in-hospital adverse clinical
events (mortality, stroke, cardiogenic shock, etc.) in patients with
TTS [3]. In this study, a single NLR value of >5 on admission was
suggested to predict adverse events in these patients with a sensi-
tivity of 82% and a specificity of 54% (with negative and positive
predictive values of 84 % and 54%, respectively) [3]. This may
suggest that a single NLR value might primarily serve as a rule-out
rather than a rule-in marker of adverse prognosis in the setting of
TTS [3] suggesting the need for combined evaluation of inflamma-
tion indices or markers to improve positive predictive value of sys-
temic inflammation in this setting.

In another recent study, serum levels of IL-6 and IL-10 on
admission were suggested to be significantly associated with
adverse prognosis on follow-up in patients with TTS [5]. Of note,
elevation of both markers elicited a significantly increased risk for
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Figure 2. Primary sources or triggers of
systemic inflammation in patients with
takotsubo syndrome (TTS).
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adverse events as compared with sole elevation of IL-6 or IL-10
[5] potentially highlighting the value of multi-marker strategy for
proper risk-stratification of TTS. It seems likely that duration of
pre-existing systemic inflammatory states (including cancer [7]
and rheumatological diseases) might also be independently associ-
ated with the occurence and severity of adverse events in the acute
stage of TTS. However, current information regarding prognostic
value of systemic inflammation in patients with TTS still needs to
be substantiated through further research.

Mechanisms of inflammation-related adverse
events in patients with TTS 

Systemic inflammation might exert its adverse effects through
direct and indirect mechanisms in the setting of TTS as analogous
to the setting of other cardiovascular conditions:

Direct impact of cytokines

It is well known that cytokines including IL-1β, TNF-α and
CRP might exert direct arrhythmogenic effects through abnormal
myocardial calcium handling (increased intracellular calcium lev-
els leading to increments in action potential (APD) duration), sodi-
um channel dysfunction (associated with impaired myocardial
depolarization), reduction in heart rate variability (HRV), QT inter-
val prolongation and disturbance of ventricular repolarization
parameters [1,45-48]. Moreover, endotoxemia associated with
gram negative sepsis was previously shown to induce various
arrhythmias in experimental models due to its direct impact on L-
type calcium channels along with its potential effects on toll-like
receptor-4 located on monocytes leading to excessive cytokine
release [1,49,50). Therefore, these arrhythmogenic mechanisms
might be quite likely in the setting of TTS associated with sepsis.
In general, these findings, to some extent, susbstantiate the higher
incidence of malignant arrhythmogenesis (ventricular tachycardia,
etc.) previously reported in TTS cases with severe systemic
inflammation [3,29].

Serious clinical scenarios including acute respiratory distress
syndrome (ARDS) might also arise in a portion of patients with
TTS largely due to destructive effects of pro-inflammatory
cytokines [51,52]. ARDS is well known to be associated with sub-
stantial vascular permeability and tissue damage in various organ
systems including pulmonary bed, kidneys, subcutaneous tissue,
etc., leading to multi-organ failure in a substantial portion of cases.
In TTS patients with ARDS, systemic inflammation generally aris-
es as the primary pathology associated with severe infections, and
hence; serves as the common trigger of ARDS and TTS. In other
terms, TTS in the setting of ARDS might be regarded just as an
‘epiphenomenon’ generally with little impact on the final outcome.

Indirect mechanisms

Indirect mechanisms of systemic inflammation might play a
more pivotal role in the evolution of adverse events: within this
context, systemic inflammation are well known to enhance coagu-
lation cascade along with supression of fibrinolytic system [1,53]

potentially suggesting increased risk for apical thrombus formation
and embolic events in patients with TTS with severe systemic
inflammation [3]. In particular, certain mediators including Factor-
V and complement-3 (C-3) were previously reported to increase in
TTS cases compared with controls [54]. Importantly, activation of
coagulation and systemic inflammation pathways was also found
to be comparable between TTS and AMI groups (potentially sug-
gesting similar rates of adverse events) in this study [54].
Interestingly, coagulation markers were previously suggested to be
associated with cardiac arrhythmias in a variety of cardiovascular
disorders including AMI and cardiomyopathies [1], and hence;
might also serve as indirect arrhythmogenic triggers in TTS
patients with a significant inflammatory burden. However, arrhyth-
mogenic impact of these markers still remains to be established in
patients with TTS.

Importantly, ACS might also arise in the setting of severe
inflammation as a consequence of atherosclerotic plaque rupture,
activation of coagulation cascade [1] and coronary microvascular
dysfunction, and might potentially aggravate the prognosis in a
portion of patients with TTS through potential aggravation of
existing HF and arrhythmias. As described earlier, ACS and TTS
should not be regarded as mutually exclusive phenomena, and
might potentially co-exist in a portion of cases particularly in those
with aforementioned risk factors [41,55].

On the other hand, CSF pattern on invasive CAG was previ-
ously suggested as an important prognostic marker, and might be
attributable to acute coronary microvascular dysfunction associat-
ed with adrenergic discharge and systemic inflammation in the set-
ting of TTS [4,56,57]. Consistent with this, adverse effects of sys-
temic inflammation in patients with TTS might, to some extent, be
dependent on the evolution of CSF phenomenon and consequent
coronary ischemic complications [4,56]. Therefore, the presence,
extent and severity of CSF pattern should be carefully evaluated in
patients with TTS, particularly in those with severe systemic
inflammation [4,56]. Moreover, since the severity of systemic
inflammation might generally correlate with the degree of under-
lying adrenergic discharge [3,10], TTS patients with substantial
systemic inflammation might also incur life-threatening conse-
quences of severe adrenergic discharge including catecholamine-
mediated arrhythmogenesis and acute LVOT gradient [19,58,59].

Undoubtedly, the type, location as well as the extent of under-
lying inflammatory stressors (malignancy, infections) associated
with TTS might directly impact the overall prognosis both in the
short and long term possibly in correlation with the severity of
associated systemic inflammation. For instance; the more severe
the systemic inflammation in a TTS episode primarily attributable
to a disseminated pancreatic cancer, the more likely the cancer-
related complications (including new metastasis, intestinal
obstruction, severe cachexia) might emerge in the clinical setting.
Accordingly, systemic inflammation was previously suggested to
be associated with tumor progression, metastasis along with resist-
ance to chemotherapeutic agents largely through certain mecha-
nisms including induction of epithelial-mesenchymal transition
(characterized by changes in intercellular adhesion molecules
including switch from E-cadherin to N-cadherin potentially allow-
ing tumoral invasiveness and metastasis) along with stimulation of
certain specific cells including cancer associated fibroblats (CAF)
(promoting tumoral growth factors) and tumor associated
macrophages (TAM) (primarily located around tumor margins and
blood vessels, and facilitate metastasis through degradation of
extracellular matrix and basement membrane) [60].

Lastly, an existing systemic inflammation potentially denotes
myocardial tissue frailty (in correlation with the severity of
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myocardial inflammation) and substantial wall stress (particularly
in those with extensive myocardial involvement or intraventricular
gradient) [36-38], and hence; might portend a higher risk for dead-
ly mechanical complications including free wall rupture. General
mechanisms of inflammation-related adverse events in the setting
of TTS are summarized in Figure 3. 

Potential therapeutic implications:
Vasodilatory and anti-inflammatory strategies

As expected, enhanced systemic inflammation in patients with
TTS might potentially have therapeutic implications. In general,
eradication of the inflammatory source (infection, malignancy), if
possible, should be the primary goal in this setting to improve the
overall prognosis. In particular, potential association of systemic
inflammation with CSF pattern might particularly indicate certain
vasodilator strategies in TTS patients with substantial levels of
inflammation markers and/or serum catecholamine levels (or asso-
ciated mediators including neuropeptide-Y) in an effort to improve
short-term prognosis in these patients [4,56,57,59].

In the absence of an overt inflammatory source, anti-inflamma-
tory agents including, colchicine, steroids, certain cytokine blockers
or modulators (canakinumab (IL-1β monoclonal antibody),
tocilizumab (IL-6 receptor blocker)), that were all previously
demonstrated to have favorable therapeutic effects in other cardio-
vascular inflammatory conditions [1,61], might also improve the
overall prognosis of TTS with severe systemic inflammation. Since

patients with TTS might suffer persistent systemic inflammation
(and subclinical myocardial dysfunction) associated with long-term
adverse events and poor quality of life [2,9,29], therapeutic benefits
of these anti-inflammatory strategies [8] and conventional agents
(including β blockers and renin-angiotensin system (RAS) block-
ers) might potentially extend beyond the acute disease course sug-
gesting their long-term use in clinical practice [2]. On the other
hand, the impact of conventional agents on TTS recurrence current-
ly remains to be fully established [20]. Taken together, therapeutic
benefits of anti-inflammatory strategies currently remain specula-
tive, and should be tested through clinical studies. 

Conclusions 

To date, systemic inflammation has been an underrated phe-
nomenon in TTS as opposed to other cardiovascular conditions
including ACSs and HF. However, growing body of evidence also
suggests particular relevance of systemic inflammation in patients
with TTS both in the short and long term. Clinically, there poten-
tially exists multiple sources of systemic inflammation (mostly in
combination) usually serving as contributors to and/or conse-
quences of TTS evolution. Among these sources, myocardial
inflammation has emerged as a novel phenomenon with important
histopathological and clinical implications, and might be regarded
as an obscure mechanism of systemic inflammation in the setting
of TTS. In general, systemic inflammation might have important
mechanistic, prognostic as well as therapeutic implications in
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Figure 3. Fundamental mechanisms of inflammation-related adverse events in the setting of takotsubo syndrome (TTS).
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patients with TTS. However, future studies are still needed to
establish further aspects of systemic inflammation and its implica-
tions in these patients.
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