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a b s t r a c t 

Takotsubo syndrome (TTS) is a cardiac syndrome characterized by transient left ventricular systolic dys- 

function in the absence of significant obstructive coronary artery disease. At the autopsy, its diagnosis is 

often challenging, since it is generally thought that it relates to no characteristic macroscopic or micro- 

scopic findings. In order to verify this last statement, we performed a systematic review of the literature 

following Preferred Reporting Items for Systematic Reviews and Meta-Analyses Statement (PRISMA) crite- 

ria. To the best of our knowledge, it is the first systematic review addressing this issue. We identified re- 

curring but not pathognomonic (microscopic) features of TTS: contraction band necrosis and non-specific 

inflammatory changes (e.g., interstitial infiltrates of mononuclear lymphocytes and macrophages) typi- 

cally in the absence of microscopic findings typical of acute myocardial infarction. In cases of TTS-related 

sudden death, careful evaluation of anamnesis, autopsy data and post-mortem genetic results (to exclude 

other causes) should be considered to overcome the complexity of these cases. 

© 2023 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Takotsubo syndrome (TTS) (ORPHA:66529) is an increasingly 

ecognized cardiac syndrome characterized by transient left 

entricular systolic dysfunction in the absence of significant ob- 

tructive coronary artery disease. Typically, cardiac dysfunction is 

dentified as “apical ballooning” or focal wall motion abnormalities 

 Fig. 1 ); actually, the term Takotsubo was taken from the Japanese 

ord meaning “octopus trap” due to the characteristic apical 

allooning appearance of the left ventricle. 
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TTS was firstly reported in Japan in 1991 [2] , but even before 

his, others reported people died of acute intense stress without 

vidence of any physical injury. It is also known as Takotsubo 

ardiomyopathy (TCM), stress-induced cardiomyopathy or bro- 

en heart syndrome. TTS is mainly caused by emotional and/or 

hysical catecholaminergic triggers thus suggesting an increased 

ympathetic activity. However, recent studies suggest that there is 

n interplay between inflammation, genetics, and oxidative status 

hich might explain susceptibility to the condition [3] . It was gen- 

rally considered a benign condition but is increasingly recognized 

hat TTS is not a benign condition and can be associated with 

evere clinical complications such as heart failure, thromboembolic 

vents, cardiogenic shock, and sudden cardiac death (SCD) [ 4 , 5 ]. 

TS mainly affects women older than 50 years, particularly those 

ostmenopausal, who have a 5-fold risk compared to younger 

omen and 10 times greater than men [6] . Despite this fact, men 

ave higher morbidity and mortality rates [7] . The in-hospital 
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Fig. 1. Akinesis of the midventricular segments in a noncoronary distribution: transthoracic echocardiogram parasternal long-axis view (A and B) with reconstruction (C); 

left ventricular contrast angiography right oblique view (D and E), with reconstruction (F). Reprinted from Cardiovascular Pathology, Del Buono et al. [1] . 
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ortality rate is about 4.5% [ 8 , 9 ], while long-term mortality data

uring follow-up are heterogeneous (ranging from 5% to 17%) [10] . 

ome recent studies suggest that the prognosis of TTS patients is 

imilar to that of patients with myocardial infarction, but other 

uthors found no significant difference in mortality between 

atients with TTS and age- and sex-matched people [ 11 , 12 ]. More-

ver, despite being uncommon, TTS has been described in children, 

ncluding premature neonates [13] . TTS accounts for about 2%- 

% of all patients presenting with acute chest pain, ischemic 

lectrocardiogram (ECG) changes and slight elevation of cardiac 

nzymes [ 5 , 14 ], although it may be underdiagnosed especially 

n patients who have coexisting coronary artery disease (CAD) 

15] . The incidence of the disease is increasing due to improved 

linical awareness and widespread access to coronary angiography 

CAG) [ 16 , 17 ]. Nowadays, despite pathophysiological mechanisms 

nderlying TTS appearing to correlate with catecholamine excess 

n the setting of stressful triggers, definite mechanisms underlying 

TS have not been fully clarified so far and diagnosis is often 

hallenging, possibly leading to misdiagnoses or missed diagnoses 

 4 , 5 ]. Today TTS is commonly divided into 2 clinical subtypes: 

rimary TTS is a leading cause of hospital admission, commonly 

riggered by psychosocial stress, although emotional stress may 

ot be identifiable in some cases; secondary TTS develops among 

atients already admitted to hospitals due to other various condi- 

ions, and may also involve drug-induced TTS [ 18 , 19 ] Furthermore, 

here is another clinical classification which subdivides TTS into 

pical, mid-ventricular, basal, focal, and biventricular based on the 

all motion abnormality location [20] . 

Focusing on tissutal alterations helping to make a differential 

iagnosis at autopsy, no conclusive pathognomonic/specific macro- 

copic and microscopic features of TTS are reported in the scien- 

ific literature so far. There are few reports on the pathomorpho- 

ogical features of the heart, which means that more research is 

eeded to look more closely at the pathophysiology of TTS and 
2 
o identify independent predictors of fatal complications. Nowa- 

ays, at the autopsy, TTS frequently shows ambiguous histopatho- 

ogical features and may also co-exist with coronary artery disease 

CAD) in a small proportion of cases, thus representing a challeng- 

ng diagnosis [ 21 , 22 ]. In recent studies, some microscopic alter- 

tions have been reported as myocardial thinning, Lewy body-like 

nclusions, interstitial edema with the accumulation of inflamma- 

ory cells, and myocardial necrosis [23] . In this review, given the 

ommon clinical features between TTS and other cardiac diseases 

such as CAD), we sought to evaluate the reliability of post-mortem 

iagnosis. To achieve this, we performed a systematic review fo- 

used on the reported macroscopic and microscopic cardiac find- 

ngs, observed at autopsies of people diagnosed with TTS. 

. Material and methods 

We performed a systematic literature search according to the 

urrent Preferred Reporting Items for Systematic Reviews and 

eta-Analyses Statement (PRISMA) criteria ( Fig. 2 ). We searched 

ubMed and Scopus databases for papers published between Jan- 

ary 1, 2004 and January 5, 2023. We used a search string (re- 

tricted to the terms in the paper titles and abstracts) in which, 

sing the Boolean operator “AND,” we combined the terms (“Takot- 

ubo or Broken heart syndrome”) with the terms (“sudden cardiac 

eath or died or cardiac arrest or death”) and with the terms (“ge- 

etic or histology or structural alternations or autopsy or findings 

r finding or biopsy or histopathology”). We developed and applied 

ne search strategy for each database. Two authors independently 

erformed a preliminary search and retrieved and selected articles 

hat fulfilled the inclusion criteria: research studies written in En- 

lish that evaluated a possible correlation between TTS and certain 

tructural cardiac alterations. 

Our preliminary research identified 195 papers, 106 through 

ubmed and 89 through Scopus. After the removal of 73 dupli- 



S. Grassi, O. Campuzano, F. Cazzato et al. Cardiovascular Pathology 65 (2023) 107543 

Fig. 2. PRISMA flow diagram followed in this review. 
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ates, 100 papers were excluded as they did not meet the inclusion 

riteria based on the title and abstract analyses. Of the 22 articles 

emaining, 2 were excluded due to the unavailability of the full 

ext. Hence, a total of 20 papers were assessed for eligibility. Full 

exts of reviews, experimental studies in animal models, confer- 

nce articles, articles that did not focus on macroscopic and micro- 

copic cardiac findings in TTS, and articles that were not published 

n English were removed from the pool of eligible papers. Follow- 

ng the exclusion criteria, 11 eligible publications were included in 

ur analysis and were critically reviewed by 3 investigators who 

xtracted data relevant to the purpose of the present study. All au- 

hors agreed on the final data included in our study. Relevant in- 

ormation of eligible papers was summarized in Table 1 consider- 

ng these variables: number of the reference, personal information, 

ain macroscopic/microscopic findings, technique used for micro- 

copic analysis, and whether toxicology/genetic testing was per- 
ormed. w

3 
. Results 

.1. Macroscopic and microscopic findings of TTS cases found at 

utopsy 

Bottari et al. [24] reported the sudden death (SD) of an ap- 

arently healthy 75-year-old woman who died of TTS after a rob- 

ery. The autopsy showed a heart (weight: 390 g) without signif- 

cant macroscopic anomalies (i.e., mild left ventricular dilatation 

nd non-occlusive atherosclerotic plaques in the coronary arteries). 

t the microscopic examination, diffuse areas of interstitial edema 

ith myocardial cell fragmentation and a focal polymorphonuclear 

eukocyte infiltrate were observed. Moreover, the left ventricle wall 

resented mild interstitial and subendocardial fibrosis and some 

reas of wavy fibers and contraction band necrosis. 

Del Buono et al. [1] reported an autopsy of a 23-year-old 

oman cannabis chronic consumer, revealing the presence of con- 
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Table 1 

Summary of the literature review regarding autopsy samples of TTS. 

Reference Gender Age Heart weight Macroscopic findings Microscopic findings Technique of 

microscopy 

Toxicology 

testing 

Genetic 

testing 

Bottari 

[24] 

Female 75 390 g Mild left ventricular dilatation, 

non-occlusive atherosclerotic 

plaques in the coronary 

arteries 

Fragmentatio cordis with focal 

polymorphonuclear leukocyte 

infiltrate, wavy fibers, 

contraction band necrosis, 

interstitial and subendocardial 

fibrosis 

Hematoxylin- 

eosin 

No No 

Del Buono 

[1] 

Female 23 NA Sub-acute subendocardial 

hemorrhages 

Inflammatory infiltrates, 

contraction band formations, 

myocardial necrosis 

Hematoxylin- 

eosin 

Yes 

(negative) 

No 

Iskander 

[25] 

Female 77 380 g Transmural hemorrhage with a 

slit-like rupture on the 

antero-apical surface extended 

into the papillary muscles, 

hypertrophy of the left 

ventricle, patent coronary 

arteries 

Hemorrhagic foci, neutrophilic 

infiltration, hypereosinophilic 

contraction band necrosis 

Hematoxylin- 

eosin 

No No 

Jan [26] Males 

and Fe- 

males 

4–69 

months 

NA NA Wavy myocytes, coagulative 

myocytolysis in the left 

ventricle 

Hematoxylin and 

eosin stain, 

Elastic 

tissue-Masson 

technique, in situ 

terminal deoxyri- 

bonucleotidyl 

transferase- 

mediated 

dUTP 

No No 

Kinbara 

[27] 

Male 69 NA Hypertrophic left ventricle, 

diffuse circumferential 

necrosis of the left ventricle 

Myocardial necrosis, 

contraction band necrosis 

Hematoxylin- 

eosin 

No No 

Kirigaya 

[28] 

Male 56 NA Patent coronary arteries Diffuse contraction band 

necrosis, myocardial atrophy 

Hematoxylin- 

eosin, 

Phosphotungstic 

acid hematoxylin 

stain 

No No 

Mitchell 

[29] 

Female 82 360 g Slit-like rupture of the base of 

the right ventricle, epicardial 

hemorrhage, patent coronary 

arteries 

Contraction band necrosis in 

the rupture site with 

polymorphonuclear leukocyte 

infiltrates; patchy 

mononuclear cell infiltrates of 

lymphocytes and 

macrophages, and rare 

polymorphonuclear 

leukocytes, mast cells and 

eosinophils 

Hematoxylin- 

eosin 

No No 

Mizutani 

[30] 

Female 91 360 g Dilation of the left ventricle in 

the mid-basal segment and 

thinning of the mid-apical 

segment, patent coronary 

arteries 

Wavy of myocytes, interstitial 

fibrosis, hemorrhage, 

neutrophil infiltration, 

contraction band necrosis on 

the posterior to inferior wall 

of the left ventricle 

Hematoxylin- 

eosin, Masson 

trichrome 

staining 

No No 

Toni [31] Female 65 480 g Apical biventricular 

ballooning, moderate left 

ventricle concentric 

hypertrophy, patent coronary 

arteries 

Scattered contraction bands 

necrosis, mild myocyte 

hypertrophy in the left 

ventricle 

Hematoxylin- 

eosin 

Yes 

(negative) 

No 

Tran [32] Female 34 326 g Dilatation of both ventricles at 

the base of the heart 

Wavy myocytes, contraction 

bands, focal subendocardial 

myocytolysis, inflammatory 

cells, focal perivascular fibrosis 

in the left ventricle; focal 

subendocardial fibrosis and 

mild myocyte hypertrophy in 

the right ventricle 

Hematoxylin- 

eosin 

Yes 

(therapeutic 

concentra- 

tion of an 

anti- 

inflammatory 

drug) 

No 

Tsunoda 

[33] 

Female 74 465 g Transmural myocardial 

necrotic zone with a small 

thrombus inside the left 

ventricular free wall rupture, 

obstructive lesion in the 

diagonal branch of the 

coronary arteries 

Inflammatory cell infiltrations, 

interstitial fibrosis, 

hemorrhage, coagulation 

necrosis; ostial lesion with 

stenosis due to plaque, 

dissection, and thrombus 

Hematoxylin- 

eosin 

No No 

NA, not available; No, toxicology/genetic testing not performed; Yes, toxicology/genetic testing performed; Negative, toxicology/genetic testing negative. 

4 
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Fig. 3. (A) areas of subendocardial hemorrhages in the midventricular anterior wall and papillary muscle at the gross examination; (B) macroscopic enlargement secondary 

to the subendocardial hemorrhage; (C) microscopic subendocardial hemorrhage (hematoxylin and eosin). Reprinted from Cardiovascular Pathology, Del Buono et al. [1] . 
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raction band formations, myocardial necrosis, inflammatory infil- 

rates, and subendocardial hemorrhages (described as sub-acute 

eportedly according to the characteristics of the inflammatory re- 

ponse, not better specified) at histopathological analysis ( Fig. 3 ). 

Iskander et al. [25] reported a SD due to TTS in a 77-year- 

ld woman who presented a heart (weight: 380 g) with an area 

f transmural hemorrhage and a with a slit-like rupture on the 

ntero-apical surface extended into the papillary muscles. More- 

ver, hemorrhagic foci with polymorphonuclear cells infiltrates and 

ypereosinophilic contraction band necrosis were observed micro- 

copically. 

Jan et al. [26] reported 7 children died of TTS while affected 

y Enterovirus 71 infection. The macroscopic cardiac findings were 

ot available. Microscopically, degeneration and wavering of the 

yocardial fibers with coagulative myocytolysis and different de- 

rees of cardiomyocyte apoptosis were observed, especially in the 

eft ventricle. Real-time polymerase chain reaction showed no evi- 

ence of viral myocarditis. 

Kinbara et al. [27] reported the autopsy findings of a 69-year- 

ld man died of TTS immediately after pacemaker implantation. 

acroscopically, slight hypertrophy of the left ventricle together 

ith diffuse myocardial necrosis along the entire circumference 

nd in all layers of this ventricle was observed. Focused on 

istopathological alterations, myocardial necrosis and contraction 

and necrosis were found. 

Kirigaya et al. [28] reported the case of a 56-year-old man 

ied of TTS after refractory hypoglycemia. The autopsy revealed no 

acroscopic anomalies. Histopathological examination of the heart 

howed myocardial atrophy and contraction band necrosis in both 

entricles. 

Mitchell et al. [29] reported the case of an 82-year-old woman 

ho died of TTS and secondary myocardial rupture after elective 

raniotomy for resection of a craniopharyngioma. At gross exam- 

nation, the heart (weight: 360 g) with myocardial rupture at an 

nusual site (at the base of the right ventricle) and an epicardial 

emorrhage was found. In addition, contraction band necrosis, in- 
5 
erstitial edema with mononuclear cell infiltrates of lymphocytes 

nd macrophages, and rare polymorphonuclear leukocytes, mast 

ells, and eosinophils involving both ventricles were detected at 

icroscopic analysis. 

Mizutani et al. [30] reported the case of a 91-year-old woman 

ho died after the recurrent episode of TTS. At autopsy, the 

eart (weight: 360g) showed dilation of the left ventricle in the 

id-basal segment and thinning of the mid-apical segment. At 

he histopathological examination, interstitial fibrosis, hemorrhage, 

eutrophil infiltration, and contraction band necrosis on the poste- 

ior to inferior wall of the left ventricle were observed. 

Toni et al. [31] described the SD of a 65-year-old woman after 

ocal anesthesia during a minor oral surgery with a clinical history 

f recurrent TTS. Post-mortem gross examination showed heart 

weight: 480 g) with apical biventricular ballooning and moderate 

eft ventricular concentric hypertrophy, while scattered contraction 

ands necrosis and mild myocyte hypertrophy in the left ventricle 

ere observed microscopically. 

Tran et al. [32] reported the case of a 34-year-old woman, who 

ied of inverted TTS. At gross examination, dilatation of both ven- 

ricles at the base of the heart (weight: 326 g) was observed. 

icroscopically, wavy myocytes, contraction bands, focal subendo- 

ardial myocytolysis, inflammatory cells, focal perivascular fibrosis 

ere detected in the left ventricle. In addition, focal subendocar- 

ial fibrosis and mild myocyte hypertrophy were found in the right 

entricle. 

Tsunoda et al. [33] reported a case of a 74-year-old woman 

ith left ventricular free wall rupture associated with a combina- 

ion of acute myocardial infarction and TTS. The autopsy revealed 

emopericardium and a rupture site on the left ventricle of the 

eart (weight: 465 g) with a transmural myocardial necrotic zone 

nd a small mural thrombus inside the necrotic wall. Moreover, 

n obstructive lesion in the diagonal branch of the coronary ar- 

eries was observed macroscopically. At histopathological exami- 

ation, inflammatory cell infiltrations, interstitial fibrosis, hemor- 

hage, and coagulation necrosis were observed at the rupture site 
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Fig. 4. Area of contraction band necrosis (hematoxylin and eosin, 200x magnifica- 

tion). Reprinted from Cardiovascular Pathology, Maréchaux et al. [38] . 
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nd an ostial lesion with stenosis due to plaque, dissection, and 

hrombus was found. 

. Discussion 

Recent several studies have shown that TTS is associated with 

ignificant short- and long-term morbidity and mortality [5] . The 

revalence of TTS among SCD cases is not reported probably be- 

ause it is included in the generic group of cardiomyopathies and 

ecause it is still an underestimated disease. SCD is a relatively 

ommon condition, and it may also show no or only ambiguous 

ndings at autopsy. For these reasons, clinical and forensic autop- 

ies in cases of TTS might be challenging. Our systematic review 

ocuses on post-mortem cases of TTS and shows that the main is- 

ues complicating the postmortem diagnostic process are the ab- 

ence of pathognomonic/specific features of TTS detectable at au- 

opsy. Thus, without a clinical suspicion or an ante-mortem diag- 

osis it could be difficult to distinguish it from other causes of SCD 

34] . 

In most of the cases analyzed, macroscopic structural changes 

ere absent or slight non-specific structural anomalies were re- 

orted (e.g., mild ventricular dilatation/hypertrophy) [ 24 , 27 , 28 , 30–

2 ]. However, some structural anomalies at gross examination of 

he heart have been observed in other TTS patients. Thus, Mizutani 

t al. [30] and Toni et al. [31] reported that at autopsy, the heart

ad a similar shape (Takotsubo-like) to that observed ante-mortem 

bserved at clinical examination by echocardiography. Both vic- 

ims were suffering from recurrent TTS. Therefore, it can be as- 

umed that in such cases the repeated myocardial damage be- 

omes progressively irreversible and may eventually lead to fatal 

eart failure macroscopically detectable at autopsy. In addition, a 

lit-like rupture in the left ventricular free wall was reported in 

 cases [ 25 , 33 ], and in one case this finding was observed at the

ase of the right ventricle (an unusual site) [29] . Cardiac ruptures 

re life-threatening mechanical complications of TTS, sharing the 

ame risk factors with acute myocardial infarction (MI) (e.g., fe- 

ale gender, advanced age, and hypertension) [ 25 , 35 ]. Since ven- 

ricular free wall rupture is more common in the apical form of 

TS, it has been hypothesized that these patients have a poorer 

rognosis than those with mid-ventricular and basal forms of TTS. 

t this regard, severe forms of TTS, such as those resulting in heart 

all ruptures, may be associated with different types of hemor- 

hages (i.e., subendocardial, subepicardial, or transmural) [ 1 , 36 ]. 

In most of the patients studied, the coronary arteries were 

atent. However, at clinical examination, differential diagnosis with 

cute MI can be challenging when underlying CAD coexists. At 

ostmortem investigation, the suspicion of acute MI at gross ex- 

mination is usually later ruled out by histopathological analysis 

f coronary arteries (i.e., absence of complicated atherosclerotic 

laques and an intact muscular layer) [24] . However, Tsunoda et al. 

33] reported a rare case in which TTS and acute MI are supposed 

o coexist. Even though some guidelines suggest that an obstruc- 

ive epicardial CAD should be excluded in the diagnosis of TTS, the 

uthors hypothesized that stress-related myocardial damage is one 

f the mechanisms by which these diseases might coexist [ 5 , 33 , 37 ].

Hence, microscopic analysis can be considered the main post- 

ortem diagnostic tool. Our comprehensive analysis identified re- 

urring but not pathognomonic microscopic features of TTS, in- 

luding some inflammatory changes (e.g., interstitial infiltrates 

f mononuclear lymphocytes and macrophages) and contraction 

ands with or without myocardial necrosis. These histopatholog- 

cal features -especially contraction band necrosis (CBN) ( Fig. 4 ) 

 resemble those usually observed in clinical situations character- 

zed by catecholamine excess, finally resulting in a “catecholamine- 

nduced cardiotoxicity” [ 25 , 27 ]. 
6 
At this regard, although pathogenesis of TTS has not been fully 

lucidated and several hypotheses have been postulated (e.g., mul- 

ivessel epicardial coronary artery spasm, coronary microvascu- 

ar impairment and neurogenic stunned myocardium), current evi- 

ence suggests myocardial catecholamine toxicity as the main un- 

erlying mechanism of the disease [ 32 , 39 ]. This hypothesis implies 

hat similar features could be found in exogenous catecholamines 

dministration or pheochromocytoma. However, to date this topic 

s still debated and there is no unanimous consensus within the 

cientific community [40] . For this reason, during the paper’s se- 

ection process, we decided to exclude from the eligible papers 

hose characterized by pheochromocytoma detection, according to 

he most widely diagnostic criteria proposed by the Mayo Clinic 

 5 , 21 ]. 

Therefore, especially in the absence of macroscopic evidence of 

bstructive CAD, these microscopic findings should be explored by 

he pathologist, as they may be suggestive of a TTS. Furthermore, 

istopathologically acute MI differs from TTS by the detection of 

oagulation necrosis and dense polymorphonuclear infiltrates. 

It should be noted that TTS is classified as a chronic disease: 

hus, irreversible myocardial alterations observed in some cases 

e.g., wavy change, thinning, and fibrosis) may result from the re- 

urrence of episodes of TTS, finally exposing the patient to life 

hreating events [30] . 

Thus, differential diagnosis may be of considerable forensic in- 

erest – for example – when a missed diagnosis of TTS is claimed 

ue to medical malpractice [ 24 , 39 ]. 

The forensic pathologist could be asked to establish whether 

he cause of death was a condition that the healthcare profession- 

ls should have detected [34] . 

Moreover, of great and challenging forensic interest are SCDs 

ue to TTS occurring after a criminal act (e.g., physical and verbal 

ssault), as the public prosecutor may require the forensic patholo- 

ist to establish whether there is a causal relationship between the 

ffender’s criminal action and the fatal event [24] . 

Although our literature review did not reveal conclusive neither 

acroscopic nor microscopic findings in TTS patients, the detection 

f these histopathological changes may help the forensic patholo- 

ist in the post-mortem diagnosis of TTS. In these cases, acute MI 

s still the main differential diagnosis. As mentioned, TTS can also 

oexist with coronary artery disease (CAD) in a small percentage 

f cases and the post-mortem differential diagnosis may be even 

ore challenging than the ante-mortem diagnosis. However, in au- 

opsy settings, the macroscopic absence of obstructive CAD, the 

resence of contraction band necrosis (found in 9 out of 11 cases), 

he detection of inflammatory changes (e.g., interstitial infiltrates 

f mononuclear lymphocytes and macrophages) and the absence 

f microscopic findings typical of acute MI (i.e., coagulation necro- 
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is and dense polymorphonuclear infiltrates) might be considered 

s suggestive of a TTS. 

As said in the introduction, TTS is a “regional” disorder in 

hich – in the classical variant – the impairment of contractil- 

ty is confined in the mid-apical portion, with a hypercontrac- 

ility of the basal segment. Therefore, it would of great transla- 

ional value if a correlation between functionally impaired areas 

nd microscopic alterations is found. That being said, the localiza- 

ion of microscopic alterations was not always addressed in the 

eviewed papers. When discussed, the anomalies were often de- 

cribed as diffuse (without a specific pattern of distribution) in the 

eft ventricle or in both ventricles [ 26 , 27 , 29 , 32 ]. At this regard, al-

eit reporting diffuse alternations, Mizutani et al. [30] described 

hich areas were mainly affected: wavy fibers, thinning of my- 

cardium, interstitial fibrosis, hemorrhages and neutrophil infiltra- 

ions were mainly found in the apex and in the anterior-to-lateral 

all of the left ventricle, in the interventricular septum and in the 

ight ventricle. Left ventricular involvement is generally predom- 

nant or exclusive. Indeed, Bottari et al. [24] reported mild inter- 

titial/subendocardial fibrosis, areas of wavy fibers and contraction 

and necrosis in the left ventricle’s wall. Toni et al. [31] reported 

cattered contraction bands and mild hypertrophy (without fibro- 

is) in the left ventricle. Only Tsunoda et al. [33] directly addressed 

he topic of the comparison between functionally and microscopi- 

ally alliterated areas. However, their results are of scarce transla- 

ional value, since the left inferior-posterior wall, that showed aki- 

esis at the ventriculography, presented no microscopic alterations. 

Furthermore, in cadavers with a conclusive ante-mortem diag- 

osis of TTS, performing a “molecular autopsy” should be highly 

ecommended for future genotype-phenotype correlations. Indeed, 

ecently, it has been hypothesized that the genetic predisposition, 

ay play a causal role in the development of TTS [41] . However, to

ate, a comprehensive investigation of genetic factors significantly 

ssociated with TTS is lacking [41] and also in the current study 

one of the patients had undergone post-mortem genetic testing 

 34 , 42 ]. Therefore, further research on genetic analysis of both liv- 

ng and deceased patients is needed to ensure maximum diagnos- 

ic yield. When a definitive ante-mortem diagnosis has not been 

ade, identification of a TTS at autopsy may be the only opportu- 

ity to detect it. 

. Conclusions 

TTS is a rare entity that gained increased recognition through- 

ut the medical community in last years. Despite being considered 

s a benign disease, TTS leads to an unfavorable outcome, with 

p to 17% risk of death due to acute hemodynamic instability and 

rrhythmic complications. TTS is mainly caused by catecholamin- 

rgic situations, despite pathophysiological mechanisms involved 

n TTS are still not completely understood to date. The diagnosis 

or both clinicians and pathologist are challenging and should look 

or signs distinguishing TTS from other entities. Further research 

tudies in large postmortem cohorts are necessary to solve current 

hallenges in forensic field and translate this knowledge into viable 

pproaches for post-mortem diagnosis of TTS. 
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