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[bookmark: _Hlk39064330]Abstract
Myocardial infarction (MI) is defined as myocardial cell death due to prolonged myocardial ischemia. Clinically, troponin rise and/or fall have become the “defining feature of MI” according to the universal definition of MI (UD-MI). Takotsubo syndrome (TS) and TS-related disease conditions also cause troponin elevation with typical rise and/or fall pattern but through a mechanism other than coronary ischemia. By strict application of the clinical criteria for type-1 MI, type-2 MI, type-3 MI, and MI with non-obstructive coronary arteries according to the UD-MI including the fourth one published recently, TS and most of the 26 other causes of troponin elevation mentioned in the fourth UD-MI may erroneously be classified as MI. The existing evidence argues for the case that TS by itself is not a MI. Hyper-activation of the autonomic-sympathetic nervous system including local cardiac sympathetic hyper-activation and disruption with nor-epinephrine churn and spillover is the most probable cause of TS. This autonomic neuro-cardiogenic (ANCA) mechanism results in myocardial ´cramp´ (stunning), the severity and duration of which depend on the degree of the sympathetic-hyperactivation and nor-epinephrine spillover. The myocardial cramp may squeeze the cytosolic free troponin pools causing mild to moderate troponin elevation in TS and TS-related disease conditions. This ANCA syndrome, which has hitherto been enveloped by the UD-MI over more than one decade, may occur in acute, recurrent, and chronic forms. In this critical review, the controversies of UD-MI, evidence for ANCA syndrome, and a hypothetical mechanism for the troponin elevation in ANCA syndrome are provided. 

[bookmark: OLE_LINK772][bookmark: OLE_LINK773][bookmark: OLE_LINK774][bookmark: OLE_LINK775][bookmark: OLE_LINK776][bookmark: OLE_LINK777][bookmark: OLE_LINK778][bookmark: OLE_LINK779][bookmark: OLE_LINK780][bookmark: OLE_LINK781][bookmark: OLE_LINK782][bookmark: OLE_LINK783]Key words: Universal definition; Myocardial infarction; Takotsubo; Myocardial stunning; Cardiac cramp; Autonomic neurocardiogenic syndrome; Heart failure; Chronic kidney diseases

[bookmark: _GoBack]Citation: Y-Hassan S. Autonomic neurocardiogenic syndrome is stonewalled by the universal definition of myocardial infarction. World J Cardiol 2020; 12(6): 231-247
URL: https://www.wjgnet.com/1949-8462/full/v12/i6/231.htm
DOI: https://dx.doi.org/10.4330/wjc.v12.i6.231

[bookmark: _Hlk39064468]Core tip: The fourth universal definition of myocardial infarction (MI) needs reconsideration. Type 2 MI and MI with non-obstructive coronary arteries are not evidence-based. Autonomic neuro-cardiogenic (ANCA) syndrome is the second important cause of troponin elevation after acute coronary ischemia. Troponin release in ANCA syndrome is most probably due to cardiac cramp squeezing the cardiomyocyte causing mild to moderate release of troponin from the cytosolic free pool. ANCA syndrome may occur in an acute form as in takotsubo syndrome. The syndrome may also occur in recurrent or a chronic form as in chronic heart failure with acute exacerbations, and chronic kidney diseases.



[bookmark: _Hlk39064505]INTRODUCTION
Myocardial infarction (MI) is defined as myocardial cell necrosis due to protracted myocardial ischemia. Cardiac troponin (cTn) rise and/or fall have been regarded as the “defining feature of MI” according to the universal definition of MI (UD-MI). The fourth UD-MI classified non-procedure-related MI into type-1 MI (T1MI), type-2 MI (T2MI), and type-3 MI (T3MI)[1]. In addition, the term MI with non-obstructive coronary arteries (MINOCA) has been introduced to include patients from both T1MI and T2MI[1] and other causes of troponin elevations with non-obstructive coronary arteries. Regrettably; no efforts have been made to elucidate mechanisms other than ischemic causes of cTn elevation. Almost all cTn elevations have been described as MI as seen in T1MI, T2MI, T3MI, and MINOCA. Moreover, the definitions and the criteria of different types of MI are full of controversies. By strict application of the clinical criteria for the 3 types of MI (Table 1), most of the patients who suffer takotsubo syndrome (TS), TS-related disease conditions (described below) and even other non-ischemic conditions as myocarditis will be incorrectly diagnosed as MI. Most of the researchers agree that TS is not an ischemic heart disease[2,3]. Even the authors of the fourth UD-MI acknowledge that not all patients included in different types of MI have ischemic heart disease[1]. Consequently, it is justified to raise the question, whether all the non-ischemic causes of cTn elevations should be classified as MI? In this critical review, the controversies of the UD-MI and the confusions, which the terms T1MI, T2MI, T3MI, and MINOCA have caused, are explained. In addition, substantial evidences for the autonomic neuro-cardiogenic (ANCA) involvement and the mechanism by which it causes cTn elevation in TS and TS-related disease conditions is highlighted. Evidence for the contention that the ANCA syndrome may occur in acute form as TS and TS-related conditions and in recurrent or chronic forms as in undiagnosed pheochromocytoma, chronic heart failure (CHF) with acute exacerbations, and chronic kidney diseases (CKD) is also provided. 

CONTROVERSIES OF THE FOURTH UNIVERSAL DEFINITION OF MYOCARDIAL INFARCTION
[bookmark: _Hlk27557988][bookmark: _Hlk27558306][bookmark: _Hlk27558267]According to the fourth UD-MI, the pathogenesis of T1MI is coronary plaque rupture/erosion with occlusive or non-occlusive thrombus[1]. This implies that invasive coronary angiography (CAG) and in some cases intravascular imaging such as intravascular ultrasound or optical coherence tomography should be performed to confirm the diagnosis of T1MI. Strangely, the clinical diagnostic criteria of T1MI in the fourth UD-MI do not mandate invasive CAG (or, as an alternative, non-invasive coronary computed tomography angiography) in all cases (Table 1). This is clear from registry studies, which strictly adhere to the use of the UD-MI. In a study by Baron et al[4], 12841 (24.1%) of 53342 classified as T1MI were treated conservatively without performing CAG. How could the authors be convinced of plaque rupture with occlusive or non-occlusive thrombus in such huge numbers of patients when invasive CAG, intravascular ultrasound or optical coherence tomography were not performed, and when TS has an almost identical clinical presentation as that of T1MI[2,5,6]? In addition, according to the fourth UD-MI, the pathogenesis of T2MI is due to imbalance between myocardial oxygen supply and demand unrelated to coronary thrombosis[1]. The diagnosis of supply and/or demand imbalance is a very subjective one and based rather on guesswork than on scientific evidence and hitherto this hypothesis has not been confirmed. Furthermore, after so many years, the investigators of UD-MI have not been able to confirm MI by endomyocardial biopsy or cardiac magnetic resonance (CMR) imaging in most of the patients deemed to have T2MI[7]. The highly varied reported incidence of “T2MI “across the studies from 1.6% to 29.6% is an indication for that not all clinicians believe in this diagnosis[7,8]. T2MI is really a figment of imagination. By the strict application of the criteria for both “T1MI” and “T2MI”, the diagnosis of TS and other non-ischemic causes of troponin elevation would almost disappear[8]. Interestingly, even some co-authors of the fourth UD-MI agree entirely with the above-mentioned controversies and confusion, which T2MI have caused. Collinson and Lindahl[7] also believe that the term T2MI is confusing and not evidence-based. They have appropriately described T2MI as the “chimera of cardiology”. Moreover, the authors have stated that “T2MI has always been defined by what it is not rather than what it is”, and that “T2MI as defined according to the UD-MI is a mixed bag of patients, in whom the pathophysiology is different and, in fact in many cases, is unknown”. They have concluded that “T2MI should be abandoned and replaced with secondary “myocardial injury”[7]; it is perhaps worth to mention, that secondary myocardial injury is also not appropriate
[bookmark: _Hlk27429625]The fourth UD-MI has also introduced the term MINOCA, which might have aggravated the state of confusion for all these types of MI. According to the European society of cardiology (ESC) position paper[3] (Table 2), the most common causes of MINOCA are plaque rupture or erosion, coronary artery spasm, thrombo-embolism, spontaneous coronary artery dissection (SCAD), TS, unrecognized myocarditis, and other forms of T2MI (Table 2). In principle, this implies that almost all the conditions causing troponin elevation and included in MINOCA are regarded as MI, because the MI in MINOCA stands for myocardial infarction. Despite all the criteria, the definition, and causes of MINOCA (Table 2), the authors of the ESC position paper acknowledge that cardiac troponin is “organ specific” and not “disease specific” and that elevated cardiac troponin is not necessarily indicative of acute MI but reflects “myocardial injury”. Interestingly, in 2013 when John F Beltrame[9] introduced the term MINOCA instead of myocardial infarction with normal coronary arteries, he stated that an important first step in the assessment of patients with apparent MINOCA is to exclude the causes of non-ischemic of troponin elevations such as pulmonary embolism, acute or chronic renal failure, acute on chronic heart failure, myocarditis, “cardiomyopathies” (infiltrative, takotsubo, and peripartum), stroke, septic shock, acute respiratory distress syndrome, acute trauma (including iatrogenic), severe burns, chemotherapeutic agents and strenuous exercise. This contrasts the ESC reported causes of MINOCA[3].
Furthermore, most of the MINOCA patients who were investigated by CMR imaging have shown no signs of MI. Collste et al[10] reported normal CMR imaging in 102 of 152 patients (67%) with myocardial infarction with normal coronary arteries. Bière et al[11] reported on CMR imaging findings in 131 patients with MINOCA. There was late gadolinium enhancement (LGE) consistent with MI in only 34 patients (26%). The LGE observed was consistent with myocarditis in 47 patients (36%) and there was no LGE in 50 patients (38%). Interestingly, 20 patients with TS were excluded in that study. If TS patients would have been included in that study, only 22.5% of patients with MINOCA in that study would have MI; 77.5% had not MI. In a review of 16 CMR studies (CMR undertaken within 6 wk) in patients with MINOCA, Pasupathy et al[12] reported CMR findings of MI in 24%, myocarditis in 38%, TS in 16% and no significant abnormality in 21%. Consequently 76% of patients with MINOCA had no MI. Recently, Hausvater et al[13] reported on 292 patients with MINOCA pooled from three prospective cohort studies and found that 81% of patients had no CMR signs of MI. All these studies confirm that most patients included in MINOCA have no MI. 
Interestingly, most of the patients who fulfill the criteria of “NOCA in MINOCA” have no MI[13] and some of those who fulfill the criteria of “MI in MINOCA” have obstructive coronary arteries (OCA) and not NOCA[14]. One real example for such controversy and the confusion which MINOCA causes is elaborated in figure 1 and 2. TS and SCAD are 2 conditions among the causes of MINOCA according to the ESC position paper. Most of the patients with pure TS have no MI but have “NOCA” as in figure 1. The reverse is true in patients with SCAD where most of the patients with SCAD have MI and have obstructive coronary artery disease (CAD), consequently no “NOCA” as illustrated in Figure 2. Why should TS be included under MINOCA when TS per se is not a MI?[2,6] Or why should SCAD be included under MINOCA whilst most of the cases with SCAD have obstructive CAD[15,16]? In VIRGO study[17], 61 of 299 (20%) MINOCA patients had SCAD where 51% of SCAD patients had ST-elevation MI (STEMI) ECG changes, which also indicates OCA and not NOCA. In a recent large study, 29.7% of 750 patients with SCAD had STEMI, which usually indicate a total coronary occlusion due to SCAD[14]. In the same study, the median angiographic stenosis in patients with SCAD was 79.0% (65%-100%)[14]. The most probable explanation for the classification of SCAD patients under MINOCA is that the diagnosis of SCAD is frequently missed by coronary interventionalists[15]. In conclusion almost 80% of patients in different MINOCA studies have no MI, and half of patients with MI have OCA and not NOCA; consequently only 10% of patients included in MINOCA studies fulfill the criteria of both MI and NOCA.

OTHER ESSENTIAL FINDINGS IN PATIENTS CLASSIFIED AS T2MI AND MINOCA ARGUING AGAINST MI 
Patients with” T2MI” and MINOCA are predominantly women, have more co-morbidities, show smaller extent of “myocardial necrosis” and more normal coronary arteries[1,3,18]. These findings are also characteristic features encountered in patients with TS[2,6]. Recently, Nordenskjöld et al[19] in a study on MINOCA patients reported that lower level of total cholesterol was among the independent predictors for significant increase in major adverse cardiovascular events and long-term mortality. This finding contrasts the known confirmed evidence in large studies that the hyper-cholesterolemia is an important risk factor for coronary artery disease and that lowering of total cholesterol and LDL reduces the cardiovascular risk in both primary and secondary settings. Because of this, the authors used the term “cholesterol paradox” in MINOCA patients. One conceivable explanation for the “cholesterol paradox” may be associated co-morbidities such as malignancy and chronic critical illnesses which may act as predisposing factors for TS and that these chronic co-morbidities may explain the lower cholesterol as well as the increased major adverse cardiovascular events and mortality in MINOCA patients. Consequently, the cholesterol paradox in MINOCA patients argues against MI in MINOCA patients. The same group of investigators[20] reported on the medical therapy for secondary prevention and long-term outcome in patients with MINOCA and found a neutral effect of dual anti-platelet therapy, arguing against an athero-thrombotic coronary cause of MINOCA. Despite mild-moderate troponin elevation in T2MI and MINOCA, the mortality in T2MI is significantly higher than T1MI during a mean follow up period of 3.2 years in one study[21]. The high mortality in that study was attributed mainly to the non-cardiovascular causes of death[21]. Furthermore, most of the patients with T2MI or MINOCA have no MI on CMR imaging[10-13,22].

EVIDENCE FOR THE AUTONOMIC NEUROCARDIOGENIC (ANCA) SYNDROME AND ITS ROLE IN CAUSING TROPONIN ELEVATION 
Signs of hyperactivation of sympathetic nervous system and cardiac sympathetic disruption has been reported in different cardiac disease as CHF, CKD complicated by heart failure, and TS. ANCA syndrome is a continuum of syndromes with a constellation of clinical presentation, repolarization ECG changes, troponin elevation, left ventricular wall motion abnormality (LVWMA), and histopathological findings. TS has played a pivotal role and has paved the path to an understanding of this broad continuum of ANCA manifestation, which may occur in acute, recurrent and chronic forms. The evidence for that is discussed below. 

TAKOTSUBO SYNDROME 
TS, also known as neurogenic stunned myocardium, is now a recognized acute cardiac disease entity[2,5]. The term takotsubo (tako = octopus, tsubo = a pot) was introduced by Sato and Dote in 1990 and 1991 to describe the left ventricular silhouette during systole in patients with clinical features of MI but no obstructive coronary artery disease[23,24]. This acute syndrome has clinical and electrocardiographic features resembling that of an acute coronary syndrome (ACS). The main defining feature of TS is the regional LVWMA with a unique circumferential pattern resulting in a conspicuous ballooning of the left ventricle during systole[2,6]. The LVWMA extends beyond the coronary artery supply regions and is transient with almost complete resolution of ventricular dysfunction in hours to weeks[2,6]. The LVWMA may be localized to the apical, mid-apical, mid-ventricular, basal or mid-basal segments of the left ventricle[5]. Focal and global LVWMA has also been reported[25-27]. The right ventricle may be involved in about 30% of the patients with TS[28]. The syndrome is preceded by a trigger factor in more than two thirds of patients[25]. Emotional trigger factors as death of a close relative or acute grief may trigger the syndrome and hence the term broken heart syndrome[29]. Myriads of physical triggers (Figure 3), extending from serious diseases as acute sepsis, subarachnoid hemorrhages to the most physiological processes as pregnancy and sexual intercourse, may also trigger the syndrome[30,31]. 
TS is a typical example of a disease entity causing troponin elevation with a typical rise and/or fall pattern as that of MI but is not a MI by itself. However, the existing criteria for “T1MI, T2MI, T3MI, and MINOCA” (Tables 1 and 2) may submerge and classify TS as a MI as illustrated in Figure 1. This is also applied on patients with TS-related syndromes i.e., syndrome which have the same pathogenesis of TS described below. 

EVIDENCE FOR THAT TAKOTSUBO SYNDROME IS NOT A MI
TS has a clinical presentation, electrocardiographic changes and troponin elevation pattern like that of an ACS. However, invasive CAG is normal in most cases of TS[2,32]. Cardiac image studies (echocardiography, contrast left ventriculography, and CMR imaging) usually disclose LVWMA which extends beyond the coronary artery supply territory especially when the LVWMA involves only the mid-ventricular segments or the basal segments[5]. There is great discrepancy between the extensive LVWMA and the modest troponin elevations, which argues against significant necrosis seen in MI[6]. The CMR imaging may also show edema corresponding to the segments with LVWMA but there is no late gadolinium enhancement (LGE) in most of the cases, a finding argues against MI[5]. CMR imaging, if done early during TS, may reveal LGE in the affected hypokinetic segments in about one third of cases[33]. However, the signal intensity of LGE in TS is less than that of MI and myocarditis and the LGE is patchy in appearance and in some cases described as myocarditis[34,35]; chemical (neuro-mediated by norepinephrine) myocarditis may be a feature of TS[36] and may explain the patchy LGE findings in TS; it is usually reversible (neurogenic stunning). Moreover, the most important sign, which challenges MI in TS, is the histo-pathological finding of contraction band necrosis, which is distinct from coagulation necrosis seen in MI[37].
However, one confounding factor is that ACS irrespective of its cause (athero-thrombotic coronary artery disease, SCAD, coronary spasm, or coronary embolism) as any other physical stress may also trigger TS[38]. Furthermore, TS may also be complicated by acute MI due to coronary embolism secondary to left ventricular thrombus, which may itself be a complication of TS[39]. In such cases, the patients will have features of both MI and TS[39]. 

[bookmark: _Hlk27468612]OTHER DISEASE CONDITIONS INVOLVED IN TROPONIN ELEVATION
Apart from the atherosclerotic plaque disruption with thrombosis as a cause of troponin elevations, 26 other disease conditions mentioned in the fourth UD-MI may cause troponin elevation[1]. The list may be longer if other causes of troponin elevations are added such as pheochromocytoma and paraganglioma[31,40]. TS is mentioned as only one of the 26 disease conditions, which may cause troponin elevation. However, with critical analysis, most of the remaining 25 other mentioned conditions causing troponin elevations may act or have been reported as a trigger factor for TS as sepsis and infectious diseases[41], stroke and subarachnoid hemorrhage[42], chemotherapeutic agents[26], acute critical diseases[43], strenuous exercise, pulmonary embolism, coronary spasm, acute coronary syndrome including SCAD[2,32,38], chronic obstructive pulmonary disease with acute exacerbation, bradycardia and AV-block, and many others[2,32]; an example for that is given in figure 3. Some other conditions mentioned causing troponin elevation may be a complication of TS as coronary embolism, brady-arrhythmias, tachy-arrhythmias, hypotension and shock[2,32,39]. Consequently, it would be reasonable to conclude that most of the disease conditions mentioned that cause troponin elevation is directly or indirectly associated to TS or TS-related syndromes discussed below. The mechanism of troponin elevation will be the same as that of TS[5,44,45].

[bookmark: _Hlk27516804][bookmark: _Hlk27515954]TS-RELATED DISEASE CONDITIONS
[bookmark: _Hlk27471442]In addition to the distinctive circumferential LVWMA, TS have also other characteristic features namely: the repolarization ECG changes[46]; modest troponin elevation with a rise and/or fall pattern; patchy LGE or myocarditis like changes on CMR imaging[33]; and the contraction band necrosis on histopathological examination[37]. However, all the afore-mentioned constellations of findings are not always found in TS. Many of the clinical diseases reported to cause troponin elevations, as among others stroke, subarachnoid hemorrhage[42], sepsis[41], chronic obstructive pulmonary diseases[2], and pheochromocytoma[40] have been reported to trigger TS. However, the same clinical condition may cause repolarization ECG changes, troponin elevations, chemical (norepinephrine) myocarditis on CMR imaging, or contraction band necrosis alone or in combination without any LVWMA[42]. One plausible explanation for the absence of LVWMA in TS-related conditions may be the swift reversibility of LVWMA, which can occur within minutes, hours, or days in some cases of TS[6]. Typically, among patients with acute subarachnoid hemorrhage[42], up to 70% may show left ventricular diastolic dysfunction. In 67%, ECG changes may be present including repolarization abnormalities, in 30% troponin elevation[47], and only near 20% LVWMA. Consequently, substantial numbers of patients with subarachnoid hemorrhage may be complicated by repolarization ECG changes and troponin elevation without LVWMA. The same pattern of findings is seen in pheochromocytoma-and paraganglioma-induced acute cardiac disease[31,40,48]. During the last 10 -15 years, dozens of cases of pheochromocytoma-triggered TS have been reported[40]. For more than 50 years, cases of pheochromocytoma-induced acute “focal myocarditis”, confirmed by either endomyocardial, autopsy[49], or by CMR imaging[35] have been reported. Critical analysis of some of these reports shows that those patients have features consistent with TS also[35]. As late as 2018, Khattak et al[35] reported on a case with pheochromocytoma and CMR imaging findings consistent with acute myocarditis at the basal segments of the left ventricle. However, the ECG findings and the hypokinesis of the basal segments with cardiac image studies (echocardiography and CMR) argue strongly for inverted TS. CMR imaging may show patchy LGE in about one third of patients with TS[33]. Cases of pheochromocytoma-induced chest pain and ECG findings of MI have also been reported[50-52]. Analysis of some of those cases reveals findings consistent with TS. In 1983, McGonigle et al[51] reported on a case of “recurrent MI” in a patient with pheochromocytoma. During one admission, the patient had reversible marked ST elevation and the coronary arteries were normal. Left ventriculography revealed discrete left ventricular apical “aneurysm” with thrombus in the aneurysmal sac. This case can justifiably be deemed as recurrent TS triggered by pheochromocytoma with our current knowledge about TS[31]. Cases of reversible pheochromocytoma-induced cardiomyopathy with features consistent with global TS have also been reported[31]. Cases of pheochromocytoma-induced hypercontracted sarcomere and contraction band necrosis as that seen in TS has also been reported[53]. A similar pattern of ECG changes, troponin elevations, LVWMA, or histopathologic findings of contraction band necrosis, alone or in different combination is seen in other diseases reported to trigger TS as sepsis[41,43,54,55]. Consequently, substantial numbers of disease conditions may cause a continuum of manifestation as troponin elevation, ECG repolarization changes, and other features seen in TS without causing LVWMA; all driven by the same pathophysiology of TS described below and these conditions are coined here as TS-related conditions.

RECURRENT AND CHRONIC ANCA SYNDROME (RECURRENT AND CHRONIC TS)
The recurrence rate of TS has ranged from 0 to 22%[25,56]. In patients with pheochromocytoma- and paraganglioma triggered TS, a recurrence rate of 17.7% has been reported[31,40], which is most probably due to undiagnosed pheochromocytoma where the trigger factor remains and result in recurrent TS[31]. These repeated TS episodes may lead to permanent myocardial damages resulting in “pheochromocytoma induced cardiomyopathy[57]. There are two other clinical conditions, which may cause mild to moderate troponin elevation in a chronic form and they are decompensated CHF[58] and CKD[59]. Acute exacerbation of CHF is a well-known cause of troponin elevation. Critical review of the sequence of events occurring in decompensated CHF reveals events resembling that happen in TS but in chronic form[58,60]. In both TS and decompensated CHF, there are evidences for the local cardiac sympathetic disruption and norepinephrine seethe and spillover triggered by a physical stress or an emotional trigger in TS and by multiple trigger factor in decompensated CHF. This sympathetic disruption causes a unique circumferential LVWMA resulting in a conspicuous ballooning of the LV in TS; worsening of LVWMA in CHF causes remodeling of the LV and changing the LV geometry from ellipsoid to spherical shape[58]. The LVWMA is transient in TS and the worsening of the LVWMA in CHF is also reversible when properly treated. Both conditions are characterized by modest elevation of the cardiac troponins and marked elevation of NT-pro- BNP. The difference between the two conditions is that the above-mentioned sequence of events occurs acutely in TS and chronically with acute exacerbation in CHF[2,58]. Consequently, chronic ANCA with acute exacerbation may be the main pathogenesis for the increased morbidity and mortality in patients with decompensated CHF irrespective of the underlying cause of heart failure[58]. 
The second chronic condition which may cause chronic troponin elevation is CKD[59]. Heart failure and cardiovascular death are common in patients with CKD and extremely prevalent in patients undergoing dialysis[59]. Evidences supporting the occurrence of sympathetic over-activity in patients with dialysis and non-dialysis dependent CKD[59] are substantial. Several studies have also been reported on reversible segmental LVWMA consistent with myocardial stunning in association with dialysis especially hemodialysis[61]. In the literature, the most acceptable underlying cause for the myocardial stunning in CKD is “demand myocardial ischemia”, which has never been confirmed. However, the repeated reversible myocardial stunning and the occurrence of cardiac sympathetic overactivation disruption in patients with CKD can be compared to that occurring in acute TS where the acute circumferential pattern of myocardial stunning is most probably caused by the local cardiac sympathetic disruption and norepinephrine seethe and spillover[5,45].

[bookmark: _Hlk27472302]EVIDENCES FOR HYPERACTIVATION OF AUTONOMIC (SYMPATHETIC) NERVOUS SYSTEM IN TS AND TS-RELATED SYNDROMES
Evidences for the involvement of the autonomic nervous system including local cardiac sympathetic system in the pathogenesis of TS and TS-related conditions are substantial[6,45] and include: (1) The profound suffering that arises from bereavement and induces myocardial stunning in an individual reflects the feeling and the degree of sadness of that individual for the loss of another. This highly argues for the extreme sympathetic stimulation of the myocardium likely mediated via the neurocardiogenic cause of TS[45]. (2) Acute brain diseases and injuries or brain death is a well-recognized trigger factor of TS[42,45] indicating that TS is a neuro-cardiac disease. (3) The prevalence of diabetes mellitus is low in patients with the first episode of TS[62]. Remarkably, the prevalence of diabetes in patients with TS recurrence is also significantly lower compared to those without TS recurrence[63]. Autonomic neuropathy as a complication in patients with diabetes mellitus may lead to brain-heart disconnection and may have protective cardiac effects in situations with powerful emotional or physical stress factors[62]. (4) Signs of cardiac sympathetic denervation assessed by 123 meta-iodobenzylguanidine (123I-MIBG) scintigraphy is detected in patients with TS[64]. The principal 123I-MIBG scintigraphic findings are reduced regional uptake of the 123I-MIBG in the hypokinetic/akinetic left ventricular segments and augmented washout rate of 123I-MIBG[64]. (5) One of the characteristic electrocardiographic changes in TS is sympathetic T-wave changes in the form of T-wave inversion and prolongation of the corrected QT-interval[46]. Patients with TS and long QTc may suffer life threatening arrhythmias as torsade’s de pointe and asystole, ventricular tachycardia, ventricular fibrillation, usually in the subacute phase of the disease[65]. Remarkably, the sympathetic nervous system plays also a central role in the pathogenesis of the congenital long QT syndrome (LQTS). Physical manipulations of the stellate ganglia have produced dramatic ventricular irritability arrhythmia in LQTS and removal of the left stellate ganglion normalized the electrocardiographic abnormalities[66]. A distinct regional pattern of impaired cardiac sympathetic function, assessed by 123I-MIBG scintigraphy, is identified in the majority of symptomatic LQTS patients[67]. Interestingly, the episodes of arrhythmias in congenital LQTS are often associated with, if not precipitated by a physical or an emotional[66] as that in some patients with TS. (6) Increased nor-epinephrine levels in the coronary sinus have been demonstrated in patients with TS, suggesting increased local myocardial nor-epinephrine release from the cardiac sympathetic nerve terminals[68]. Intracranial disease processes including subarachnoid haemorrhage and brain death are well-recognised physical trigger factor for TS. Increased myocardial interstitial, but not plasma, nor-epinephrine release have been proved after brain death induction in pigs[69]. The local myocardial nor-epinephrine spill-over may explain the focal myocarditis changes seen in some patients with TS; focal myocarditis in TS has been confirmed both by endomyocardial biopsy[70] and even in the form of patchy LGE by CMR imaging[33,35]. (7) One of the vital and consistent histopathological changes in TS are the hypercontracted sarcomeres and contraction bands[37]. In a baboon model of catastrophic cerebral insult, Novitzky et al[71] demonstrated that contraction band necrosis could be prevented by cardiac denervation (cardiac sympathectomy) but not by vagotomy. (8) A remarkable finding in 2 of the 3 cases with successful heart transplantation of donor heart afflicted by TS was the documentation of a rapid resolution of LVWMA occurred at the accomplishment of heart transplantation; the simultaneous surgical sympathectomy in association with the donor cardiectomy may have resulted in relief of the myocardial stunning (cardiac cramp) caused by disinhibition of the cardiac sympathetic tone during donor brain death[5]. (9) Templin et al[72] have recently demonstrated evidence for hypoconnectivity of the central brain regions associated with autonomic function and regulation of the limbic system in patients with TS. The investigators deemed that those findings suggest that autonomic-limbic integration might play an important role in the pathophysiology and contribute to the understanding of TS. and (10) The LVWMA in TS has a characteristic systematized pattern. It affects the ventricular myocardium circumferentially with a sharp transition between the normal or hyperkinetic myocardium and the stunned myocardium[5,73]. The heart is densely innervated with sympathetic nerves, which are distributed on a regional basis. The pattern of LVWMA in TS appears to follow the anatomical sympathetic innervation from the left and right stellate and caudal ganglia[5,74]. The left ventricular systolic dysfunction after subarachnoid haemorrhage was studied in 30 patients by Zaroff et al[75]. The authors observed that many of regional wall motion patterns did not follow a coronary artery supply territory but correlated with the distribution of the myocardial sympathetic nerve terminals providing an indirect evidence for a neuro-mediated mechanism of myocardial injury[75]. This circumferential pattern of LVWMA is congruent with cardiac nerve distribution[76,77]. Details of further evidence for the local cardiac sympathetic nervous system involvement in TS is described elsewhere[5,6,44,45]. For these reasons, it will be plausible to coin TS and TS-related disease conditions as ANCA syndrome. 

MECHANISM OF TROPONIN ELEVATION IN ANCA SYNDROME (INCLUDING TS)
The cardiac specific isoforms, cardiac troponin T and cardiac troponin I, are components of the troponin complex. This consists of proteins attached to the myofibrils of the contractile apparatus in cardiomyocytes, but 6% of cardiac troponin T and 3% of cardiac troponin I exist in an unbound free form in the cytosol[78]. The discussed mechanisms of troponin elevation in the literature are: Myocardial ischemia, inflammatory and immunological processes, trauma, drugs and toxins. 
Some investigators believe that troponin elevation indicates myocardial injury. However, troponin elevation in association with exercise and even during walking[78], no delayed gadolinium enhancement in the CMR imaging in the almost two thirds of patients with TS[2] and in patients classified having so called “T2MI” or “MINOCA”[10-13] argue against myocardial injury in every patient with troponin elevation. Exocytosis of the early releasable unbounded cytosolic troponin free pool into the blood stream from hypercontracted cardiomyocytes by neuro-adrenergic stimuli may be the most probable cause of elevated cardiac troponin values in TS and TS-related disease conditions i.e., ANCA syndrome. There are findings in TS that may support the exocytosis mechanism of troponin release (Figure 4). The LVWMA in TS has the characteristic features of myocardial stunning[5], where the myocardium is in a state of cardiac cramp[79], which may cause release of the troponin through squeezing the unbound cytosolic troponin free pool[79,80]. This may explain the only mild-moderate elevation of troponin in all TS and TS-related disease conditions and even in decompensated CHF with acute exacerbation and CKD. 
The evidence for the myocardial cramp in TS is discussed in details elsewhere[5] and will be briefed here: The systo-diastolic compression of the left anterior descending artery segments with myocardial bridging during the acute and sub-acute stages of TS and the relief of the diastolic compression during recovery of the LVWMA argues for the fact that the myocardial stunning in TS is in a cramp state[79] (Figure 5). The evidence of slow flow in the coronary arteries especially in the left anterior descending artery may indicate the increased microvascular resistance to the coronary flow caused by rigid stunned myocardium[5] (Figure 6). The valve-like hyperactive motility of the basal segments of the left ventricle in the mid-apical or mid-ventricular TS pattern and the slingshot-like motion of the apical segments in the apical sparing TS pattern is partially attributed to the stiff and rigid hypo-/akinetic involved segments in TS[5,80]. One of the important and consistent histo-pathological changes in TS is the presence of contraction bands and hyper-contracted sarcomeres[37]. This morphologic histopathologic alteration seems to constitute a spectrum, with mere hypercontraction at one end to cardiac rupture at the other. The hypercontracted sarcomeres may squeeze the unbound cytosolic troponin causing mild-moderate troponin elevation. In advanced and repeated episodes of TS, it may lead to necrosis where the cardiomyocyte dies in tonic state. A typical condition for recurrent TS is that occurring in undiagnosed pheochromocytoma and paraganglioma[31,40], and for repeated myocardial stunning is that occurring in CKD[59]. 

PROPOSAL FOR THE DIAGNOSIS OF MYOCARDIAL INFARCTION AND THE MAIN CAUSES OF TROPONIN ELEVATION 
Because of the reasons mentioned above about the different types of MI, the currently used classification of MI needs urgent reassessment. Consequently, to diagnose MI and its differential diagnoses, the following investigations are required: detection of a rise and/or fall of cTn values with at least one value above the 99th percentile upper normal limit, clinical presentation (cardiac signs and symptoms), ECG changes, invasive CAG findings, and cardiac imaging studies such as: echocardiography, left ventriculography, and in some cases CMR imaging. The working diagnosis should concentrate on the following main causes of troponin elevations: (1) Coronary ischemic mechanism and consequently MI (caused by coronary atherothrombotic changes, SCAD, coronary thrombo-embolism, epicardial coronary spasm, myocardial bridging with coronary compression, percutaneous coronary intervention-related, or coronary artery bypass graft surgery-related); (2) ANCA causes of troponin elevation (TS and TS-related disease conditions). The research should be concentrated on neurocardiogenic diseases, which has been disregarded and regrettably to say blocked by the UD-MI for many years; (3) Inflammatory and toxic cell destruction; and (4) Other miscellaneous causes.

[bookmark: _Hlk39065385]CONCLUSION
[bookmark: _Hlk23354190]The clinical criteria for the diagnosis of MI according to the fourth UD-MI document show controversial aspects. T2MI and MINOCA are not evidence-based. Most of the cases included under MINOCA have no MI and some of those with MI have missed obstructive instead of nonobstructive coronary arteries. In addition, the UD-MI have blocked thoughts to search for mechanisms other than coronary ischemia that may cause troponin elevation. The clinical diagnostic criteria of T1MI, T2MI, T3MI, and MINOCA need to be revised categorically. ANCA caused troponin elevation is probably the second most common cause of troponin elevation after acute coronary ischemia. The mechanism of troponin elevation in ANCA syndrome is most probably due to cardiac cramp squeezing the cardiomyocyte causing mild to moderate release of troponin from the cytosolic free pool. ANCA syndrome may occur in an acute form as in TS or TS-related disease conditions. The syndrome may also occur in a recurrent or a chronic form as in undiagnosed pheochromocytoma, CHF with acute exacerbations, and in CKD. A proposal for the diagnosis of MI and its differential diagnosis and the main causes of troponin elevation is provided. 
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Figure 1 A case of midventricular takotsubo syndrome discharged under diagnosis of myocardial infarction. A typical mid-ventricular takotsubo syndrome triggered by an emotional stress in a 79-years-old man with chronic co-morbidities in the form of chronic obstructive pulmonary disease and carcinoma of urinary bladder. The case was incorrectly diagnosed as type 2 myocardial infarction according to the universal definition of myocardial infarction as seen in the discharge diagnosis. A: Electrocardiogram during admission; B: Left coronary artery shows moderate stenosis in the left anterior descending artery, which cannot explain the circumferential mid-ventricular left ventricular wall motion abnormality; C: Normal right coronary artery (RCA); D and E: Contrast left ventriculography during diastole and systole showing mid-ventricular ballooning pattern. There was modest elevation of troponin T (595 ng/L); F and G: Echocardiography during diastole and systole confirming the left ventriculography finding of mid-ventricular ballooning.
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[bookmark: _Hlk40187937]Figure 2 A case of obstructive coronary artery disease due spontaneous coronary artery dissection. A 35-years-old female patient with a spontaneous coronary artery dissection (SCAD) of the diagonal artery with documented myocardial infarction (MI) by cardiac magnetic resonance imaging and obstructive coronary artery stenosis. A: Recurrent troponin elevation with a rise and/or fall pattern (red circles); B: A diagonal artery with a peripheral stenosis (thin white arrows); C: Proximal propagation of diagonal artery narrowing during repeated left coronary artery angiography 9 d later (thick white arrows); D and E: Cardiac magnetic resonance imaging shows MI corresponding to the diagonal artery supply territory (yellow arrows); F: Follow up left coronary artery angiography 4 mo later reveals complete resolution of the diagonal artery lesion consistent with SCAD (broken white arrows). Consequently, this patient has documented MI caused by obstructive coronary artery disease due to SCAD. LGE: Late gadolinium enhancement; LGA: Left coronary artery.
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[bookmark: _Hlk40188090]Figure 3 Eight clinical conditions causing troponin elevation have triggered different patterns of takotsubo syndrome. Most of the reasons for troponin elevation mentioned in the fourth universal definition of myocardial infarction have been reported to trigger takotsubo syndrome. In this figure, 8 of the mentioned reasons (pheochromocytoma, sepsis, cerebellar bleeding, chronic obstructive pulmonary disease with acute exacerbation, heart block, capecitabine, pancreas operation, and strenuous physical exercise in the form of sexual intercourse) triggering different ballooning’s pattern of takotsubo syndrome are demonstrated.
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[bookmark: _Hlk40188342]Figure 4 Mechanism of troponin elevation in autonomic neurocardiogenic syndrome. Illustration of the hypothetical mechanism of troponin release in autonomic neurocardiogenic syndrome including takotsubo syndrome and takotsubo-related conditions. The systo-diastolic compression of a coronary artery segment specially left anterior descending artery with myocardial bridging, the coronary slow flow due to increased microvascular resistance, the stiff and rigid myocardial stunning, and the hyper-contracted sarcomeres indicate that the affected myocardium in autonomic neurocardiogenic syndrome including takotsubo syndrome is in a state of cardiac cramp. This cardiac cramp may squeeze the cardiac myocyte causing release of troponins from the cytosolic free pool resulting in mild-moderate troponin elevation as demonstrated in the figure. C: Troponin C; I: Troponin I; T: Troponin T; ANCA: Autonomic neurocardiogenic. 
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Figure 5 Systo-diastolic compression of a coronary artery segment with myocardial bridging. A, B, and C: Left anterior descending artery (LAD) during diastole (A) and systole (B) in the acute stage of takotsubo syndrome (TS) in a patient where contrast left ventriculography revealed mid-apical pattern of TS (C). During the acute stage of the disease: Note the diastolic and systolic compression of a segment of LAD with myocardial bridging (white arrows) bordered by normal segments (Asterix) before and after the segment with myocardial bridging. D, E, and F: Four weeks later, there was complete relief of LAD compression during diastole (D, white arrows) and only mild systolic compression (E, white arrows) after normalization of left ventricular function (F). This indicates that the stunned myocardium was in a cramp state during the acute-subacute stage of TS. LAD: Left anterior descending artery.
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Figure 6 Slow flow in the left anterior descending artery in a patient with takotsubo syndrome. A case of mid-apical ballooning pattern of takotsubo syndrome (middle, lower panel) showing the marked slow flow in the left anterior descending artery (yellow Asterix) compared to left circumflex artery (white Asterix) in panel 1 to 5.


[bookmark: _Hlk40189213]Table 1 Diagnostic criteria for type 1, type 2, and type 3 myocardial infarction according to the fourth universal definition of myocardial infarction
	Criteria for type 1 MI, type 2 MI, type 3 MI according to the fourth universal definition of myocardial infarction[1]

	Type 1 MI

	Detection of a rise and/or fall of cTn values with at least one value above the 99th percentile URL and with at least one of the following:

	Symptoms of acute myocardial ischaemia

	New ischaemic ECG changes

	Development of pathological Q waves

	Imaging evidence of new loss of viable myocardium or new regional wall motion abnormality in a pattern consistent with an ischemic etiology

	Identification of a coronary thrombus by angiography including intracoronary imaging or by autopsy

	Type 2 MI

	Detection of a rise and/or fall of cTn values with at least one value above the 99th percentile URL, and evidence of an imbalance between myocardial oxygen supply and demand unrelated to coronary thrombosis, requiring at least one of the following:

	Symptoms of acute myocardial ischaemia

	New ischaemic ECG changes

	Development of pathological Q waves

	Imaging evidence of new loss of viable myocardium or new regional wall motion abnormality in a pattern consistent with an ischaemic aetiology

	Type 3 MI

	Patients who suffer cardiac death, with symptoms suggestive of myocardial ischaemia accompanied by presumed new ischemic ECG changes or ventricular fibrillation but die before blood samples for biomarkers can be obtained, or before increases in cardiac biomarkers can be identified, or MI is detected by autopsy examination


MI: Myocardial infarction; ECG: Electrocardiogram; cTn: Cardiac troponin; URL: Upper reference limit.

Table 2 Diagnostic criteria and causes of myocardial infarction with non-obstructive coronary arteries
	Diagnostic criteria and causes for myocardial infarction with non-obstructive coronary arteries according to the ESC working group position paper[3]

	Diagnostic criteria:

	The diagnosis of MINOCA is made immediately upon coronary angiography in a patient presenting with features consistent with an acute myocardial infarction, as detailed by the following criteria:

	AMI criteria

	Positive cardiac biomarker (preferably cardiac troponin) defined as a rise and/or fall in serial levels, with at least one value above the 99th percentile upper reference limit

	Corroborative clinical evidence of infarction evidenced by at least one of the following:

	Symptoms of ischaemia

	New or presumed new significant ST-T changes or new LBBB

	Development of pathological Q waves

	Imaging evidence of new loss of viable myocardium or new RWMA

	Intracoronary thrombus evident on angiography or at autopsy

	Non-obstructive coronary arteries on angiography:

	Defined as the absence of obstructive CAD on angiography, (i.e. no coronary artery stenosis ≥ 50%), in any potential infarct-related artery. This includes both patients with:

	Normal coronary arteries (no stenosis < 30%)

	Mild coronary atheromatosis (stenosis > 30% but < 50%).

	No clinically overt specific cause for the acute presentation:

	At the time of angiography, the cause and thus a specific diagnosis for the clinical presentation is not apparent

	Accordingly, there is a necessity to further evaluate the patient for the underlying cause of the MINOCA presentation

	Causes

	Plaque rupture or erosion 

	Coronary artery spasm

	Thromboembolism

	Coronary dissection 

	Takotsubo syndrome 

	Unrecognized myocarditis, and 

	Other forms of type-2 myocardial infarction


[bookmark: OLE_LINK760][bookmark: OLE_LINK761][bookmark: OLE_LINK762][bookmark: OLE_LINK763][bookmark: OLE_LINK764][bookmark: OLE_LINK765]CAD: Coronary artery disease; ESC: European society of cardiology; MINOCA: Non-obstructive coronary arteries; RWMA: Regional wall motion abnormality; LBBB: Left bundle branch block; AMI: Acute myocardial infarction.
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