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Abstract

Takotsubo syndrome (TS) is an acute cardiac condition that clinically resembles acute coronary syndrome; however, TS is not caused by
acute coronary obstruction. Moreover, TS is characterized by a distinctive regional, often circumferential, and typically reversible left
ventricular wall motion abnormality, which can also involve the right ventricle. In addition to the takotsubo sign, the disease has several
other characteristic features, including a history of an emotional or physical trigger, repolarization changes on electrocardiography,
moderate elevations of biomarkers of myocardial cell necrosis, and histopathological myocardial changes in the form of contraction
band necrosis (coagulative myocytolysis) with characteristic time-related evolutionary changes. Several pathophysiologic mechanisms
underlying the disease process remain under debate. However, there is evidence of sympathetic nervous system involvement, including
local cardiac sympathetic hyperactivation and disruption at cardiac sympathetic nerve terminals, with excessive norepinephrine release
and spillover. Hence, the pathogenetic term autonomic neurocardiogenic syndrome (ANCA), with or without a takotsubo phenotype, has
been introduced. For decades, the histopathological cardiac lesions of focal or multifocal coagulativemyocytolysis and focal or multifocal
“myocarditis” in TS/ANCA syndrome have been described as diagnostic terms in the medical literature. However, the circumferential
and multifocal nature of this disease, along with the characteristic time-related histopathological changes and its presence within normal
myocardium, provide further evidence that TS/ANCA syndrome is a disorder of the cardiac sympathetic nerve terminals. Therefore, this
review presents evidence supporting the previously unquestioned pathogenetic mechanism, with a focus on the specific role of cardiac
sympathetic nerve terminals in this syndrome.
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1. Introduction
Takotsubo syndrome (TS) is an acute cardiac condi-

tion that clinically mimics acute coronary syndrome; how-
ever, TS typically presents without obstructive coronary
artery disease inmost cases. TS is characterized by a unique
regional, often circumferential, and typically reversible left
ventricular wall motion abnormality (LVWMA), which can
also sometimes occur in the right ventricular wall [1,2,3].
In addition to the classical takotsubo-shaped left ventricle
during systole, TS has several other characteristic features,
which include a history of an emotional or physical trig-
ger; repolarization changes on electrocardiography (ECG);
modest elevations in biomarkers of myocardial cell necro-
sis; characteristic histopathological changes in the form of
contraction band necrosis (also known as coagulative my-
ocytolysis or myofibrillar degeneration) [1,2,3,4,5]. More-
over, evidence for the involvement of the sympathetic ner-
vous system in the pathogenesis of TS is abundant, includ-
ing hyperactivation of the cardiac sympathetic nervous sys-
tem, with excessive norepinephrine release and spillover
at cardiac sympathetic nerve terminals [6,7]. Thus, the
pathogenetic term autonomic neurocardiogenic syndrome
(ANCA), with or without a takotsubo phenotype, was in-
troduced [7]. Therefore, this review applies the diagnos-

tic term of TS, and the pathogeneticterm ANCA syndrome
(with or without takotsubo phenotype) interchangeably.
Cardiac coagulative myocytolysis is a histopathological
term used to describe a pathological process in which car-
diac myocytes undergo irreversible hypercontraction with
breakdown of the contractile apparatus, ranging from co-
agulated, hypercontracted sarcomeres to complete disrup-
tion of the myofibrils with granular degeneration [8,9]. For
decades, the cardiac histopathological feature of focal or
multifocal coagulative myocytolysis and sometimes, in-
correctly, focal or multifocal “myocarditis”, has been de-
scribed in the medical literature, both in diagnostic termi-
nology and in publication titles, well before and even during
the early takotsubo era [10,11,12,13]. Thus, to our knowl-
edge, this manuscript provides evidence for the first time
that the multifocal nature of this disease, with its circum-
ferential distribution interspersed with normal viable my-
ocardium, further supports the involvement of cardiac sym-
pathetic nerve terminals in the pathogenesis of TS/ANCA
syndrome.

2. Pathophysiology of TS/ANCA Syndrome
The following are among the most debated pathogenic

mechanisms of TS [6,14,15,16,17]: (A) Hyperactivation
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of the sympathetic nervous system, including local cardiac
sympathetic hyperactivation and disruption, with exces-
sive norepinephrine release/spillover at cardiac sympathetic
nerve terminals [6,7]. (B) Epinephrine-induced switch-
ing in stimulus trafficking of β2-adrenoreceptors [18]. (C)
Blood-borne catecholamine-induced myocardial toxicity
[15,17]. (D) Coronary ischemia caused by aborted myocar-
dial infarction (MI) in patients with a long wrap-around left
anterior descending artery [19], multivessel coronary artery
spasm [20], or coronary microvascular dysfunction [21].
(E) Left ventricular outflow tract obstruction [15,17]. (F)
Transiently increased ventricular afterload induced by a cat-
echolamine surge [22]. (G) Estrogen deficiency, nitrosative
stress, inflammation, and cardiac macrophages [17]. Ev-
idence challenging the last six hypotheses listed above is
substantial and has been discussed previously [6,7,13,23].

In contrast, robust evidence supports the hypothesis
that the local cardiac sympathetic nervous system is in-
volved in the pathogenesis of TS [6,7]. Among the most
important supporting observations is that various brain dis-
eases and injuries, including intracranial hemorrhage, sub-
arachnoid hemorrhage (SAH), stroke, and epilepsy, may
trigger TS [24,25]. Structural and functional brain changes
have been reported in patients with TS [26,27,28,29]. The
organized and systematic LVWMA in TS appears to follow
the anatomical pattern of sympathetic innervation from the
left and right stellate and caudal ganglia [30,31]. Studies
using 123I-metaiodobenzylguanidine (123I-MIBG) to image
cardiac sympathetic nerve function have demonstrated that
patients with TS exhibit cardiac sympathetic denervation in
regions with LVWMA, characterized by decreased regional
uptake and increased 123I-MIBG washout [32,33,34,35].
Additional evidence for cardiac sympathetic dysfunction in
TS is provided elsewhere [5,6,7].

A previously undebated observation regarding the in-
volvement of cardiac sympathetic nerve terminals in the
pathogenesis of TS/ANCA syndrome is the multifocal na-
ture of the histopathological features associated with the
disease, described as “focal/multifocal coagulative myocy-
tolysis” or myocarditis. This perspective provides a novel
interpretation of the pathophysiology of TS/ANCA syn-
drome. The arguments are presented in detail, alongside
supporting illustrative figures.

3. Multifocal Nature of Cardiac Coagulative
Myocytolysis or “Myocarditis” in the
Pathogenesis of TS/ANCA Syndrome
3.1 Historic Background

Coagulative myocytolysis, also known as contraction
band necrosis (a form of myocardial necrosis, also termed
catecholamine necrosis), is a histopathological cardiac find-
ing characterized by irreversible hypercontraction of the
cardiac myocyte, breakdown of the contractile apparatus,
markedly thickened Z-lines, and extremely short sarcom-
eres [8,9]. The terms “focal/multifocal myocytolysis” and

“focal/multifocal myocarditis” have appeared in the lit-
erature as diagnostic labels and in publication titles for
decades, well before the era of TS [10,11,12]. In 1955,
Schlesinger and Reiner [10] described focal myocytoly-
sis of the heart as miliary cardiac lesions characterized by
loss of the muscular syncytium, preservation of the stroma,
absence of an inflammatory reaction, and eventual fibro-
sis. The authors noted that focal myocytolysis, as it ap-
pears at the borders of cardiac infarcts, had been recog-
nized as early as 1904 [10]. According to these investi-
gators, other authors described focal myocytolysis under
various designations, including acute miliary infarctions,
focal necrotizing “myocarditis” without interstitial infiltra-
tion, and sarcolytic myocardiosis [10]. “Zenker's necrosis”
has also been used as an alternative term [36]. In 1966,
Van Vliet et al. [11] reported “focal myocarditis” asso-
ciated with pheochromocytoma. The investigators found
histological signs of “active myocarditis” in 15 (58%) of
the 26 patients who died of pheochromocytoma. The ac-
tive “myocarditis” observed in pheochromocytoma was be-
lieved to be catecholamine-induced because the “myocardi-
tis” shared the same histopathological features as the “ac-
tive myocarditis” induced in rats after one or two subcuta-
neous L-norepinephrine injections. Subsequently, Jepson
et al. [12] reported two cases, in which pheochromocytoma
was discovered postmortem following unexpected postop-
erative death. Histological examination also showed focal
myocardial degeneration with necrosis and inflammatory
cell infiltration, suggesting “focal myocarditis”. Baratella
et al. [37] described a case of focal myocardial necrosis
with lymphocytic infiltration on endomyocardial biopsy,
diagnosed as “acute lymphocytic myocarditis” in a patient
with pheochromocytoma. These reports support the find-
ings described by Van Vliet et al. [11]. High catecholamine
doses can cause myocardial necrotic lesions accompanied
by “inflammation” and subsequent fibrous scarring, a phe-
nomenon also observed in animal models [38]. The clini-
cal counterpart is observed in patients dying after prolonged
norepinephrine treatment and in those dyingwith pheochro-
mocytoma, as discussed above [38]. Over the last two
decades, it has been well-documented that catecholamine
administration, whether therapeutic, accidental, or occur-
ring in conditions associated with markedly elevated cate-
cholamine levels, such as pheochromocytoma and paragan-
glioma, may trigger TS—a condition frequently associated
with cardiac histopathological findings of contraction band
necrosis (coagulative myocytolysis) [39,40,41,42].

3.2 Evolutionary Histopathologic Mechanism of
Multifocal Coagulative Myocytolysis or “Myocarditis” in
TS/ANCA Syndrome

The histopathological features of the cardiac le-
sions in TS/ANCA syndrome are the main reason these
cases have been reported in the literature under the head-
ings of focal/multifocal myocytolysis or “myocarditis”
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Fig. 1. Pathophysiologic mechanism of takotsubo syndrome (TS) or autonomic neurocardiogenic syndrome (ANCA) at the car-
diac sympathetic nerve terminals. (A) The brain and the sympathetic nerve supply of the heart, including the cardiac sympathetic
nerves, end at the cardiac sympathetic nerve terminals. (B) In a predisposed patient, an emotional or physical trigger may lead to hyper-
activation of the cardiac sympathetic nerves and disruption at the cardiac sympathetic nerve terminals, which could result in excessive
norepinephrine (NE) release/spillover. The consequences of NE spillover are described in the main manuscript text. DHPG, dihydrox-
yphenylglycol; MHPG, 3-methyl-4-hydroxyphenylglycol.

[10,11,12,13]. Notably, both focal myocytolysis and focal
“myocarditis” in TS/ANCA syndrome share the same un-
derlying pathophysiology but represent different temporal
stages of the same disease process (Figs. 1,2). Baroldi et al.
[8,43] described these stages in patients with MI, in whom
different stages of contraction band necrosis were observed
beyond the infarcted regions. Similar time-related evo-
lutionary cardiac histopathological changes have been re-
ported in patients with SAH and in animal studies [44]. The
local pathological process begins at the cardiac sympathetic
nerve terminal, where large amounts of norepinephrine are
released into the myocardium due to cardiac sympathetic
hyperactivation and disruption (Fig. 1) [45,46,47]. This re-
sults in the opening of calcium channels, with subsequent
cellular influx of Ca2+ and efflux of K+ [48,49]. This pro-
cess causes actin and myosin filaments to interact; relax-
ation does not occur unless the calcium channels close. If
high norepinephrine levels persist, the calcium channels re-
main open, leading to cell death while the myocyte is in
an excessively contracted state [48,49]. The histopatholog-
ical change at this stage (Fig. 2) is called contraction band
necrosis (coagulative myocytolysis). This change is focal
because the process follows the distribution of the cardiac
sympathetic nerve terminals, hence, the diagnostic term of
“focal myocytolysis”. The same pathological process may

occur at many cardiac sympathetic nerve terminals along
the course of the cardiac sympathetic nerves, leading to
the term multifocal myocytolysis. The next phase in the
histopathological evolution of the disease process is charac-
terized bymyocardial cell necrosis, which elicits a mononu-
clear cell response [8,43,44]. The cardiac lesion at this
stage is interpreted as “myocarditis”, hence the designation
“focal/multifocal myocarditis” (Fig. 2). Notably, this is
not primary myocarditis but a secondary process, more ac-
curately described as having “secondary myocarditis-like”
histopathological features [13]. The phase of mononuclear
cell infiltration, which is interpreted as “myocarditis”, al-
ways follows the occurrence of myocardial cell necrosis.
Consequently, focal myocytolysis and focal “myocarditis”
represent distinct evolutionary stages of histopathological
change within the same disease process (Fig. 2). These are
sometimes described as multifocal because cardiac lesions
can appear at numerous sympathetic nerve terminals along
the cardiac sympathetic nerves. Interestingly, the multifo-
cal nature of the disease is also evident on cardiac magnetic
resonance imaging, manifesting as multifocal late gadolin-
ium enhancement corresponding to regions of left ventric-
ular ballooning, typically observed in more severe forms of
TS/ANCA syndrome [13].
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Fig. 2. Evolutionary stages of the cardiac histopathological changes observed in severe cases of TS/ANCA syndrome. (1) Normal
myocardium; (2) myocardium with contraction bands; (3) myocardium with contraction band necrosis (CBN; coagulative myocytolysis);
(4) myocardium with CBN and mononuclear cell infiltration (myocarditis-like changes); (5) resolution of the inflammatory response
with healing and scar formation. Notably, the myocarditis-like changes shown in (4) are proposed to occur after myocardial necrosis has
occurred, as is seen in (3). For further details on the histopathological features, please see Figs. 3,4.

3.3 Multifocal Coagulative Myocytolysis is a
Non-Ischemic Lesion Typically Observed Adjacent to
Intramyocardial Nerves

One could argue that the focal or multifocal nature of
this disease may be attributable to MI; however, MIs are
usually monofocal. Furthermore, the histopathological pro-
cess leading to coagulative myocytolysis is distinct from
that in ischemic infarct necrosis, in which myocardial cells
die during relaxation. The myocardial cells in coagulative
myocytolysis die due to prolonged sarcomere hypercontrac-
tion [8,43,44]. The distribution of these cardiac lesions ap-
pears unrelated to blood supply, as these lesions are found
adjacent to normal capillaries. Greenhoot and Reichenbach
[44] also demonstrated the multifocal nature of these car-
diac lesions in both patients who died from SAH and an
animal study where the midbrain reticular formation was
stimulated. The authors thoughtfully documented the his-
tologic evolution of the cardiac lesions and correlated these
findings with patient survival time. The authors further ob-
served that the most severe lesions were located adjacent to
intramyocardial nerves. Thus, themultifocal nature of these
cardiac lesions further supports the involvement of cardiac
sympathetic nerve terminals in the pathogenesis of TS or
ANCA syndrome.

3.4 Circumferential Pattern of Multifocal Coagulative
Myocytolysis or “Myocarditis” Amidst Normal
Myocardium

Another characteristic feature of these multifocal car-
diac lesions is their circumferential pattern, interspersed
within an otherwise normal, viable myocardium. This has
been described in a publication by Düren and Becker [50].
The authors reported two cases under the title “focal my-
ocytolysismimicking the ECGpattern of transmural antero-
septal MI”. One patient had a cerebral infarction, and the
other had a cerebral tumor. In both cases, the autopsy
showed no signs of MI; however, the autopsy confirmed
that the ECG changes were related to focal myocytolysis
of the myocardium, where signs of both contraction band
necrosis and mononuclear cell infiltration were observed.
Moreover, multiple foci of such lesions were identified at
cardiac autopsy. Among viable myocardial cells, a small
cluster of degenerating cells was observed and was en-
gulfed by mononuclear cells. The greatest density of le-
sions was noted in the apical segments of the left ventricle,
where the lesions formed a circumferential pattern reminis-
cent of left ventricular apical ballooning seen in patients
with TS. The findings in these two cases further precisely
illustrate the multifocal nature of the disease, which pro-
duces histopathological changes of multifocal myocytoly-
sis with “secondary myocarditis-like” changes and follows
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Fig. 3. Time-related multifocal coagulative myocytolysis and “myocarditis-like” lesions amidst normal myocardium. (A) Car-
diac coagulative myocytolysis lesion with contraction band necrosis (white arrows) and intervening granularity (yellow asterisks). (B)
Multifocal cardiac coagulative myocytolysis lesions (yellow arrows) amidst normal myocardium (red arrow). (C) Coagulative myocytol-
ysis lesion infiltrated by mononuclear cells (yellow arrows), resulting in a “myocarditis-like” lesion. (D) Multifocal “myocarditis-like”
lesions (yellow arrows) amidst normal myocardium (red arrow).

Fig. 4. Multifocal nature and circumferential distribution of coagulative myocytolysis and “myocarditis-like” lesions, in a pattern
identical to the regional circumferential ballooning pattern of TS. (A) Multifocal and circumferential distribution of coagulative
myocytolysis (yellow arrows) in the mid-apical segments of the left ventricle, in a pattern identical to the mid-apical ballooning pattern
seen in the TS case shown in the center of the figure. The cardiac sympathetic nerve terminals in the basal segments are normal (white
arrow). (B) Multifocal and circumferential distribution of the “myocarditis-like” lesions (yellow arrows), which follow the same pattern
as in panel (A). The only difference between the lesions in (A and B) is the infiltration of the coagulative myocytolysis lesions by
mononuclear cells, resulting in the “myocarditis-like” lesions shown in (B).
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the course of the cardiac sympathetic nerves. The presence
of cardiac myocytolytic foci within normal myocardium
has also been clearly described in another case reported by
Sakamoto et al. [51]. The authors described a 74-year-old
woman with SAH and ECG repolarization changes, includ-
ing abnormal Q waves, ST-segment elevations, and T-wave
inversions. Postmortem examination revealed widespread
focal myocytolytic cardiac lesions; however, no macro-
scopic evidence of coronary artery disease or MI was ob-
served. The cardiac lesions were described as multifocal
myocytolysis with a scant mononuclear cellular infiltrate
and were present throughout the circumference of the left
ventricle. The foci of myocytolysis were surrounded by
normal myocardial cells and were not related to the vascu-
lar distribution. The histopathological morphology of co-
agulative myocytolysis, with or without myocarditis-like
features, the associated multifocal nature, and the presence
among normal myocardium are illustrated in Figs. 3,4. The
distribution of coagulative myocytolysis in a circumferen-
tial pattern in the mid-apical region is identical to the cir-
cumferential pattern of the LVWMA observed in TS and is
clearly demonstrated in Fig. 4. These two figures illustrate
the observations of Düren and Becker [50] and Sakamoto
et al. [51].

Consequently, the multifocal nature of cardiac coag-
ulative myocytolysis, or “secondary myocarditis-like” le-
sions, provides additional evidence that TS/ANCA syn-
drome is a disease of the cardiac sympathetic nerve termi-
nals, which follow the distribution of the cardiac sympa-
thetic nerves.

4. Conclusion
Compelling evidence indicates that cardiac sympa-

thetic hyperactivation and disruption at cardiac sympa-
thetic nerve terminals, with excessive norepinephrine re-
lease and spillover, contribute to the pathogenesis of TS.
Therefore, the pathogenetic term of ANCA syndrome is
also used. The histopathological cardiac lesions of this
disease have long been described under the diagnostic
terms focal/multifocal coagulative myocytolysis and fo-
cal/multifocal “myocarditis”. The multifocal nature, the
characteristic time-dependent histopathological evolution
(with myocarditis-like changes consistently following co-
agulative myocytolysis), the circumferential distribution
pattern, and the presence of focal lesions within otherwise
normal, viable myocardium and in proximity to nerves fur-
ther support the hypothesis that TS/ANCA syndrome is a
disease of the cardiac sympathetic nerve terminals that fol-
lows the path of cardiac sympathetic nerves. This novel an-
alytical framework for the pathophysiology of TS/ANCA
syndrome is presented, discussed, and illustrated with in-
formative figures.

Abbreviations
ANCA, autonomic neurocardiogenic syndrome;

ECG; electrocardiography; LVWMA, left ventricular

wall motion abnormality; MI, myocardial infarction;
SAH, subarachnoid hemorrhage; TS, takotsubo syndrome;
123I-MIBG, 123I-metaiodobenzylguanidine.

Author Contributions
SYH was involved in the conception, drafting and

editing of the manuscript. The single author read and ap-
proved the final manuscript. The author has participated
sufficiently in the work and agreed to be accountable for
all aspects of the work. The author contributed to editorial
changes in the manuscript.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding
This research received no external funding.

Conflicts of Interest
The author declares no conflicts of interest.

References
[1] Templin C, Ghadri JR, Diekmann J, Napp LC, Bataiosu DR, Ja-

guszewski M, et al. Clinical Features and Outcomes of Takot-
subo (Stress) Cardiomyopathy. The New England Journal of
Medicine. 2015; 373: 929–938. https://doi.org/10.1056/NEJM
oa1406761

[2] Del Buono MG, La Vecchia G, Montone RA, Rodriguez-
Miguelez P, Leone AM, Sanna T, et al. The Evolving Features
of Takotsubo Syndrome. Current Cardiology Reports. 2025; 27:
39. https://doi.org/10.1007/s11886-024-02154-y

[3] Kato K, Di Vece D, Kitagawa M, Yamamoto K, Miyakoda K,
Aoki S, et al. Clinical characteristics and outcomes in takotsubo
syndrome -Review of insights from the InterTAKRegistry. Jour-
nal of Cardiology. 2025; 85: 263–267. https://doi.org/10.1016/
j.jjcc.2025.01.009

[4] Nef HM, Möllmann H, Kostin S, Troidl C, Voss S, Weber M, et
al. Tako-Tsubo cardiomyopathy: intraindividual structural anal-
ysis in the acute phase and after functional recovery. European
Heart Journal. 2007; 28: 2456–2464. https://doi.org/10.1093/eu
rheartj/ehl570

[5] Y-Hassan S. The pathogenesis of reversible T-wave inversions
or large upright peaked T-waves: Sympathetic T-waves. In-
ternational Journal of Cardiology. 2015; 191: 237–243. https:
//doi.org/10.1016/j.ijcard.2015.04.233

[6] Y-Hassan S, De Palma R. Contemporary review on the patho-
genesis of takotsubo syndrome: The heart shedding tears: Nore-
pinephrine churn and foam at the cardiac sympathetic nerve ter-
minals. International Journal of Cardiology. 2017; 228: 528–
536. https://doi.org/10.1016/j.ijcard.2016.11.086

[7] Y-Hassan S. Autonomic neurocardiogenic syndrome is
stonewalled by the universal definition of myocardial in-
farction. World Journal of Cardiology. 2020; 12: 231–247.
https://doi.org/10.4330/wjc.v12.i6.231

[8] Baroldi G, Mittleman RE, Parolini M, Silver MD, Fineschi V.
Myocardial contraction bands. Definition, quantification and
significance in forensic pathology. International Journal of Le-

6

https://doi.org/10.1056/NEJMoa1406761
https://doi.org/10.1056/NEJMoa1406761
https://doi.org/10.1007/s11886-024-02154-y
https://doi.org/10.1016/j.jjcc.2025.01.009
https://doi.org/10.1016/j.jjcc.2025.01.009
https://doi.org/10.1093/eurheartj/ehl570
https://doi.org/10.1093/eurheartj/ehl570
https://doi.org/10.1016/j.ijcard.2015.04.233
https://doi.org/10.1016/j.ijcard.2015.04.233
https://doi.org/10.1016/j.ijcard.2016.11.086
https://doi.org/10.4330/wjc.v12.i6.231
https://www.imrpress.com


gal Medicine. 2001; 115: 142–151. https://doi.org/10.1007/
s004140100229

[9] Todd GL, Baroldi G, Pieper GM, Clayton FC, Eliot RS. Exper-
imental catecholamine-induced myocardial necrosis. II. Tem-
poral development of isoproterenol-induced contraction band
lesions correlated with ECG, hemodynamic and biochemical
changes. Journal of Molecular and Cellular Cardiology. 1985;
17: 647–656. https://doi.org/10.1016/s0022-2828(85)80064-x

[10] Schlesinger MJ, Reiner L. Focal myocytolysis of the heart. The
American Journal of Pathology. 1955; 31: 443–459.

[11] Van Vliet PD, Burchell HB, Titus JL. Focal myocarditis asso-
ciated with pheochromocytoma. The New England Journal of
Medicine. 1966; 274: 1102–1108. https://doi.org/10.1056/NE
JM196605192742002

[12] Jepson RP, Slavotinek AH, Gilligan JE. Myocarditis and
phaeochromocytomata. The Australian and New Zealand Jour-
nal of Surgery. 1969; 38: 324–328.

[13] Y-Hassan S. Critical Reappraisal of Takotsubo Syndrome (TS)
and Myocarditis Association: “The Myocarditis-Like Features”
Seen in TS Are Secondary Changes and not True Myocarditis.
Reviews in Cardiovascular Medicine. 2026; 27: 46256. https:
//doi.org/10.31083/RCM46256

[14] Pelliccia F, Kaski JC, Crea F, Camici PG. Pathophysiology of
Takotsubo Syndrome. Circulation. 2017; 135: 2426–2441. http
s://doi.org/10.1161/CIRCULATIONAHA.116.027121

[15] Lyon AR, Citro R, Schneider B,Morel O, Ghadri JR, Templin C,
et al. Pathophysiology of Takotsubo Syndrome: JACC State-of-
the-Art Review. Journal of the American College of Cardiology.
2021; 77: 902–921. https://doi.org/10.1016/j.jacc.2020.10.060

[16] Omerovic E, Citro R, Bossone E, Redfors B, Backs J, Bruns B,
et al. Pathophysiology of Takotsubo syndrome - a joint scientific
statement from the Heart Failure Association Takotsubo Syn-
drome Study Group and Myocardial Function Working Group
of the European Society of Cardiology - Part 2: vascular patho-
physiology, gender and sex hormones, genetics, chronic cardio-
vascular problems and clinical implications. European Journal
of Heart Failure. 2022; 24: 274–286. https://doi.org/10.1002/ej
hf.2368

[17] Omerovic E, Redfors B. Takotsubo syndrome: pathophysio-
logical insights and innovations in patient care. Nature Re-
views. Cardiology. 2026; 23: 239–254. https://doi.org/10.1038/
s41569-025-01211-5

[18] Lyon AR, Rees PSC, Prasad S, Poole-Wilson PA, Harding SE.
Stress (Takotsubo) cardiomyopathy–a novel pathophysiological
hypothesis to explain catecholamine-induced acute myocardial
stunning. Nature Clinical Practice. Cardiovascular Medicine.
2008; 5: 22–29. https://doi.org/10.1038/ncpcardio1066

[19] Ibanez B, Navarro F, Cordoba M, M-Alberca P, Farre J. Tako-
tsubo transient left ventricular apical ballooning: is intravascular
ultrasound the key to resolve the enigma? Heart (British Cardiac
Society). 2005; 91: 102–104. https://doi.org/10.1136/hrt.2004.
035709

[20] Angelini P. Transient left ventricular apical ballooning: A uni-
fying pathophysiologic theory at the edge of Prinzmetal angina.
Catheterization and Cardiovascular Interventions. 2008; 71:
342–352. https://doi.org/10.1002/ccd.21338

[21] Galiuto L, De Caterina AR, Porfidia A, Paraggio L, Barchetta
S, Locorotondo G, et al. Reversible coronary microvascular
dysfunction: a common pathogenetic mechanism in Apical
Ballooning or Tako-Tsubo Syndrome. European Heart Journal.
2010; 31: 1319–1327. https://doi.org/10.1093/eurheartj/ehq039

[22] Redfors B, Ali A, Shao Y, Lundgren J, Gan LM, Omerovic E.
Different catecholamines induce different patterns of takotsubo-
like cardiac dysfunction in an apparently afterload dependent
manner. International Journal of Cardiology. 2014; 174: 330–
336. https://doi.org/10.1016/j.ijcard.2014.04.103

[23] Y-Hassan S. The Coronary Artery Changes and Complications
Caused by Takotsubo Syndrome: A Review With Novel Obser-
vations. Reviews in Cardiovascular Medicine. 2025; 26: 43182.
https://doi.org/10.31083/RCM43182

[24] Finsterer J, Wahbi K. CNS disease triggering Takotsubo stress
cardiomyopathy. International Journal of Cardiology. 2014; 177:
322–329. https://doi.org/10.1016/j.ijcard.2014.08.101

[25] Goh FQ, Tan BYQ, Yeo LLL, Sia CH. The Heart-Brain Axis:
Key Concepts in Neurocardiology. Cardiology Discovery. 2025;
5: 162–177. https://doi.org/10.1097/CD9.0000000000000156

[26] Radfar A, Abohashem S, Osborne MT, Wang Y, Dar T, Hassan
MZO, et al. Stress-associated neurobiological activity associates
with the risk for and timing of subsequent Takotsubo syndrome.
European Heart Journal. 2021; 42: 1898–1908. https://doi.org/
10.1093/eurheartj/ehab029

[27] Khan H, Gamble DT, Rudd A, Mezincescu AM, Abbas H, No-
man A, et al. Structural and Functional Brain Changes in Acute
Takotsubo Syndrome. JACC. Heart Failure. 2023; 11: 307–317.
https://doi.org/10.1016/j.jchf.2022.11.001

[28] Santoro F, Selvaggi P, D’apollo R, Martino T, Veronese M,
Carapelle E, et al. Neurometabolic Features of Takotsubo Syn-
drome: A Brain 18F-FDG PET Case Control-Prospective Study.
JACC. Cardiovascular Imaging. 2024; 17: 1003–1005. https:
//doi.org/10.1016/j.jcmg.2024.03.007

[29] Santoro F, D’Apollo R, Brunetti ND. Increased right amyg-
dala activity during the hyper-acute phase of takotsubo syn-
drome. European Heart Journal. 2023; 44: 2260. https://doi.or
g/10.1093/eurheartj/ehad302

[30] Randall WC, Szentivanyi M, Pace JB, Wechsler JS, Kaye MP.
Patterns of sympathetic nerve projections onto the canine heart.
Circulation Research. 1968; 22: 315–323. https://doi.org/10.
1161/01.res.22.3.315

[31] Zaroff JG, Rordorf GA, Ogilvy CS, Picard MH. Regional pat-
terns of left ventricular systolic dysfunction after subarachnoid
hemorrhage: evidence for neurally mediated cardiac injury.
Journal of the American Society of Echocardiography. 2000; 13:
774–779. https://doi.org/10.1067/mje.2000.105763

[32] Madias JE. Do we need MIBG in the evaluation of patients with
suspected Takotsubo syndrome? Diagnostic, prognostic, and
pathophysiologic connotations. International Journal of Cardiol-
ogy. 2016; 203: 783–784. https://doi.org/10.1016/j.ijcard.2015.
11.046

[33] Banki NM, Kopelnik A, Dae MW, Miss J, Tung P, Lawton MT,
et al. Acute neurocardiogenic injury after subarachnoid hemor-
rhage. Circulation. 2005; 112: 3314–3319. https://doi.org/10.
1161/CIRCULATIONAHA.105.558239

[34] Burgdorf C, von Hof K, Schunkert H, Kurowski V. Regional
alterations in myocardial sympathetic innervation in patients
with transient left-ventricular apical ballooning (Tako-Tsubo
cardiomyopathy). Journal of Nuclear Cardiology. 2008; 15: 65–
72. https://doi.org/10.1016/j.nuclcard.2007.08.005

[35] Marfella R, Barbieri M, Sardu C, Rizzo MR, Siniscalchi M,
Paolisso P, et al. Effects of α-lipoic acid therapy on sympathetic
heart innervation in patients with previous experience of tran-
sient takotsubo cardiomyopathy. Journal of Cardiology. 2016;
67: 153–161. https://doi.org/10.1016/j.jjcc.2015.07.012

[36] Baroldi G, Bigi R, Cortigiani L. Ultrasound imaging versus mor-
phopathology in cardiovascular diseases. Myocardial cell dam-
age. Cardiovascular Ultrasound. 2005; 3: 32. https://doi.org/10.
1186/1476-7120-3-32

[37] Baratella MC,Menti L, Angelini A, Daliento L. An unusual case
of myocarditis. International Journal of Cardiology. 1998; 65:
305–310. https://doi.org/10.1016/s0167-5273(98)00118-1

[38] Haft JI. Cardiovascular injury induced by sympathetic cate-
cholamines. Progress in Cardiovascular Diseases. 1974; 17: 73–
86. https://doi.org/10.1016/0033-0620(74)90039-5

7

https://doi.org/10.1007/s004140100229
https://doi.org/10.1007/s004140100229
https://doi.org/10.1016/s0022-2828(85)80064-x
https://doi.org/10.1056/NEJM196605192742002
https://doi.org/10.1056/NEJM196605192742002
https://doi.org/10.31083/RCM46256
https://doi.org/10.31083/RCM46256
https://doi.org/10.1161/CIRCULATIONAHA.116.027121
https://doi.org/10.1161/CIRCULATIONAHA.116.027121
https://doi.org/10.1016/j.jacc.2020.10.060
https://doi.org/10.1002/ejhf.2368
https://doi.org/10.1002/ejhf.2368
https://doi.org/10.1038/s41569-025-01211-5
https://doi.org/10.1038/s41569-025-01211-5
https://doi.org/10.1038/ncpcardio1066
https://doi.org/10.1136/hrt.2004.035709
https://doi.org/10.1136/hrt.2004.035709
https://doi.org/10.1002/ccd.21338
https://doi.org/10.1093/eurheartj/ehq039
https://doi.org/10.1016/j.ijcard.2014.04.103
https://doi.org/10.31083/RCM43182
https://doi.org/10.1016/j.ijcard.2014.08.101
https://doi.org/10.1097/CD9.0000000000000156
https://doi.org/10.1093/eurheartj/ehab029
https://doi.org/10.1093/eurheartj/ehab029
https://doi.org/10.1016/j.jchf.2022.11.001
https://doi.org/10.1016/j.jcmg.2024.03.007
https://doi.org/10.1016/j.jcmg.2024.03.007
https://doi.org/10.1093/eurheartj/ehad302
https://doi.org/10.1093/eurheartj/ehad302
https://doi.org/10.1161/01.res.22.3.315
https://doi.org/10.1161/01.res.22.3.315
https://doi.org/10.1067/mje.2000.105763
https://doi.org/10.1016/j.ijcard.2015.11.046
https://doi.org/10.1016/j.ijcard.2015.11.046
https://doi.org/10.1161/CIRCULATIONAHA.105.558239
https://doi.org/10.1161/CIRCULATIONAHA.105.558239
https://doi.org/10.1016/j.nuclcard.2007.08.005
https://doi.org/10.1016/j.jjcc.2015.07.012
https://doi.org/10.1186/1476-7120-3-32
https://doi.org/10.1186/1476-7120-3-32
https://doi.org/10.1016/s0167-5273(98)00118-1
https://doi.org/10.1016/0033-0620(74)90039-5
https://www.imrpress.com


[39] Y-Hassan S, Falhammar H. Clinical features, complications,
and outcomes of exogenous and endogenous catecholamine-
triggered Takotsubo syndrome: A systematic review and meta-
analysis of 156 published cases. Clinical Cardiology. 2020; 43:
459–467. https://doi.org/10.1002/clc.23352

[40] Y-Hassan S, Falhammar H. Cardiovascular Manifestations and
Complications of Pheochromocytomas and Paragangliomas.
Journal of Clinical Medicine. 2020; 9: 2435. https://doi.org/10.
3390/jcm9082435

[41] Bourke SJ, Wilkes G, Maloney DL, Terry G.
Phaeochromocytoma-induced myocardial necro-
sis. Scottish Medical Journal. 1991; 36: 184.
https://doi.org/10.1177/003693309103600609

[42] Frustaci A, Loperfido F, Gentiloni N, Caldarulo M, Morgante E,
RussoMA. Catecholamine-induced cardiomyopathy in multiple
endocrine neoplasia. A histologic, ultrastructural, and biochem-
ical study. Chest. 1991; 99: 382–385. https://doi.org/10.1378/ch
est.99.2.382

[43] Baroldi G. Different types of myocardial necrosis in coronary
heart disease: a pathophysiologic review of their functional sig-
nificance. American Heart Journal. 1975; 89: 742–752. https:
//doi.org/10.1016/0002-8703(75)90189-1

[44] Greenhoot JH, Reichenbach DD. Cardiac injury and subarach-
noid hemorrhage. A clinical, pathological, and physiological
correlation. Journal of Neurosurgery. 1969; 30: 521–531. https:
//doi.org/10.3171/jns.1969.30.5.0521

[45] Kume T, Kawamoto T, Okura H, Toyota E, Neishi Y, Watan-
abe N, et al. Local release of catecholamines from the hearts of

patients with tako-tsubo-like left ventricular dysfunction. Circu-
lation Journal. 2008; 72: 106–108. https://doi.org/10.1253/circ
j.72.106

[46] Mertes PM, Carteaux JP, Jaboin Y, Pinelli G, el Abassi K,
Dopff C, et al. Estimation of myocardial interstitial nore-
pinephrine release after brain death using cardiac microdialysis.
Transplantation. 1994; 57: 371–377. https://doi.org/10.1097/
00007890-199402150-00010

[47] Naredi S, Lambert G, Edén E, Zäll S, RunnerstamM, Rydenhag
B, et al. Increased sympathetic nervous activity in patients with
nontraumatic subarachnoid hemorrhage. Stroke. 2000; 31: 901–
906. https://doi.org/10.1161/01.str.31.4.901

[48] Eliot RS, Todd GL, Pieper GM, Clayton FC. Pathophysiology
of catecholamine-mediated myocardial damage. Journal of the
South CarolinaMedical Association (1975). 1979; 75: 513–518.

[49] Samuels MA. The brain-heart connection. Circulation. 2007;
116: 77–84. https://doi.org/10.1161/CIRCULATIONAHA.106.
678995

[50] Düren DR, Becker AE. Focal myocytolysis mimicking the elec-
trocardiographic pattern of transmural anteroseptal myocardial
infarction. Chest. 1976; 69: 506–511. https://doi.org/10.1378/
chest.69.4.506

[51] Sakamoto H, Nishimura H, Imataka K, Ieki K, Horie T, Fujii
J. Abnormal Q wave, ST-segment elevation, T-wave inversion,
and widespread focal myocytolysis associated with subarach-
noid hemorrhage. Japanese Circulation Journal. 1996; 60: 254–
257. https://doi.org/10.1253/jcj.60.254

8

https://doi.org/10.1002/clc.23352
https://doi.org/10.3390/jcm9082435
https://doi.org/10.3390/jcm9082435
https://doi.org/10.1177/003693309103600609
https://doi.org/10.1378/chest.99.2.382
https://doi.org/10.1378/chest.99.2.382
https://doi.org/10.1016/0002-8703(75)90189-1
https://doi.org/10.1016/0002-8703(75)90189-1
https://doi.org/10.3171/jns.1969.30.5.0521
https://doi.org/10.3171/jns.1969.30.5.0521
https://doi.org/10.1253/circj.72.106
https://doi.org/10.1253/circj.72.106
https://doi.org/10.1097/00007890-199402150-00010
https://doi.org/10.1097/00007890-199402150-00010
https://doi.org/10.1161/01.str.31.4.901
https://doi.org/10.1161/CIRCULATIONAHA.106.678995
https://doi.org/10.1161/CIRCULATIONAHA.106.678995
https://doi.org/10.1378/chest.69.4.506
https://doi.org/10.1378/chest.69.4.506
https://doi.org/10.1253/jcj.60.254
https://www.imrpress.com

	1. Introduction
	2. Pathophysiology of TS/ANCA Syndrome
	3. Multifocal Nature of Cardiac Coagulative Myocytolysis or ``Myocarditis'' in the Pathogenesis of TS/ANCA Syndrome
	3.1 Historic Background
	3.2 Evolutionary Histopathologic Mechanism of Multifocal Coagulative Myocytolysis or ``Myocarditis'' in TS/ANCA Syndrome
	3.3 Multifocal Coagulative Myocytolysis is a Non-Ischemic Lesion Typically Observed Adjacent to Intramyocardial Nerves
	3.4 Circumferential Pattern of Multifocal Coagulative Myocytolysis or ``Myocarditis'' Amidst Normal Myocardium

	4. Conclusion
	Abbreviations
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflicts of Interest
	References

