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Abstract
The benefits of early perfusion in ST elevation myocardial infarctions (STEMI) are established; however, early perfusion of non-ST elevation myocardial infarctions has not been shown to be beneficial. In addition, ST elevation (STE) caused by conditions other than acute ischemia is common. Non-ischemic STE may be confused as STEMI, but can also mask STEMI on electrocardiogram (ECG). As a result, activating the primary percutaneous coronary intervention (pPCI) protocol often depends on determining which ST elevation patterns reflect transmural infarction due to acute coronary artery thrombosis. Coordination of interpreting the ECG in its clinical context and appropriately activating the pPCI protocol has proved a difficult task in borderline cases. But its importance cannot be ignored, as reflected in the 2013 American College of Cardiology Foundation/American Heart Association guidelines concerning the treatment of ST elevation myocardial infarction. Multiples strategies have been tested and studied, and are currently being further perfected. No matter the strategy, at the heart of delivering the best care lies rapid and accurate interpretation of the ECG. Here, we present the different patterns of non-ischemic STE and methods of distinguishing between them. In writing this paper, we hope for quicker and better stratification of patients with STE on ECG, which will lead to be better outcomes.
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Core tip: At times, distinguishing between myocardial infarction with ST elevation (STEMI) from non-ischemic causes of elevation of the ST segment is difficult, especially in patients with atypical presenting symptoms. Understanding common patterns of ST elevation that are not caused by ischemia is crucial for rapid and accurate diagnosis. However, patients with baseline non-ischemic ST elevation (for example, early repolarization or repolarization changes caused by hypertrophy of the left ventricule) may develop acute myocardial infarction (true STEMI or non-ST elevation myocardial infarction with baseline ST elevation). Here we describe common patterns of non-ischemic ST elevation. 

Deshpande A, Birnbaum Y. ST-segment elevation: Distinguishing ST elevation myocardial infarction from ST elevation secondary to nonischemic etiologies. World J Cardiol 2014; In press

Today, the electrocardiogram (ECG) is the most commonly used diagnostic tool for recognizing and triaging of patients with symptoms suggestive of myocardial infarction (MI). Per the “Third Universal Definition of Myocardial Infarction” document, the ECG should be acquired and interpreted within 10 min of presentation[1]. Additionally, serial ECGs every 15 to 30 min should be performed in patients with ongoing symptoms in whom the initial ECG is not diagnostic of ST elevation MI (STEMI)[1].
ST elevation (STE) is considered to reflect acute transmural ischemia caused by a occlusion of an epicardial coronary artery by a blood clot. Therefore, it is recommended that patients with suspected acute STEMI and without contraindications should be subjected as soon as possible to therapy intended to recanalize the occluded artery by either primary percutaneous coronary intervention (pPCI) or fibrinolysis. In contrast, the guidelines recommend initial conservative therapy for patients with suspected MI without STE, as active ongoing ischemia may not be present and earlier studies have not shown a benefit for reperfusion therapy in patients without STE[2]. 
As per the 2013 ACCF/AHA Guideline for the Management of ST-Elevation Myocardial Infarction, ST elevation myocardial infarction is a clinical syndrome that compromizes typical symptoms of acute ischemia of the heart muscle in conjunction with elevation of the ST segment and increased blood levels of biomarkers that indicate necrosis of the cardiac muscle. By these guidelines, pPCI is recommended for those with symptoms indicative of ischemia of the heart muscle that began 12 h or less before medical encounter who have elevation of the ST segment[3]. Although the innovation of cardiac troponin (cTn) assays specific to the myocardium is changing the overall diagnosis of MI, the decision to proceed with angiography or give thrombolytics is made based on STE on the ECG and is usually reached before troponins are detectable in the blood. Further, the elderly, patients of female gender, and diabetic patients frequently present with symptoms that are not typical, further emphasizing the role of the presenting ECG for diagnosis and triage of such individuals[4-6].
In most of individuals without prior cardiac disease, the ST segment is at the level of the preceding P-R segment and/or the following T-P segment (so called isoelectric). Deviation of the ST-segment (elevation or depression compared to the isoelectric line) can be a sign of ischemia of the heart muscle. However, deviations of the ST segment relative to the isoelectric line due to nonischemic etiologies are often seen. Elevation of the ST segment due to non-ischemic etiologies was reported up to 15% in the general population. One study[7] found that 91% of 6014 men who served in the United State Air Force, between 16 and 58 years of age, without any apparent cardiac disease elevation of the ST segment of 0.1 to 0.3 mV in more than one of the precordial leads (most commonly seen in lead V2). Another study suggested that elevation of the ST segment above 0.1 mV in one or more leads (V1 to V4) in 529 men without apparent cardiac disease could be found in 93% among those who were between 17 and 24 years of age. As age progresses the prevalence of elevation of the ST segment declined[8]. Thus, most men have elevation of the ST segment greater than 0.1 mV in the precordial leads. Therefore, elevation of the ST segment should be regarded as a normal finding and is often termed “male pattern”. On the other hand, only fifth of patients of female gender have elevation of the ST segment above 0.1 mV, and this percentage is not influenced by the age of the female patients[9]. These thresholds are discussed in the “Third Universal Definition of Myocardial Infarction” document[1]. 
Different cutoffs for the amount of STE are causing confusion. The cutoffs for abnormal elevation of the ST segment, per the “Third Universal Definition of Myocardial Infarction” document for leads V2-V3, are elevation of the ST segment at the J-point of above 0.2 mV in men 40 years of age or older, 0.25 mV or above in men below 40 years of age, and 0.15 mV or above in women and/or 0.1 mV or above in all other leads in patients without hypertrophy of the left ventricule or block of the left bundle branch[1]. These criteria are based on the 2% extreme outside of the mean calculated from a population of 1321 Caucasians from the city of Glasgow and the region of Strathclyde in Scotland[9]. The 2013 ACCF/AHA STEMI guidelines have simplified these recommendations. In these guidelines as new STE at the J point in 2 contiguous leads or more of 0.2 mV or more in males or 0.15 mV or more in women in leads V2–V3 and/or of 0.1 mV or more in all other leads[3]. Considering the ethic homogeneity and the decreasing STE magnitude with age, these cutoffs should appreciated in this context[9]. It is unclear whether the same thresholds for STE can be used in populations of different ethnicity, as higher magnitude of STE was reported in Nigerian healthy men [10]. It is plausible that if the thresholds, endorsed by the “Third Universal Definition of Myocardial Infarction” document are used, the occurrence of anterior STEMI would decrease, especially in men younger than 40 years of age. Moreover, currently there are no guidelines as to what are considered “normal” STE for patients whose ECG shows criteria for hypertrophy of the left ventricular, left bundle branch or other forms of advanced intraventricular conduction defects. 
As abovementioned, many patients presenting with typical symptoms have elevation of the ST segment due to non-ischemic etiologies (NISTE)[3-6]. Physicians must use all tools at their disposable to reach accurate diagnosis and reduce the risk of false activation of the pPCI protocol or exposure to thrombolytic therapy from one hand, while not missing cases of true STEMI. There are patterns of NISTE that are frequent and typical and can be easily recognized and distinguished from ST elevation myocardia infarction. Yet, there are individuals with pre-existing ST elevation secondary to non-ischemic etiologies (e.g., hypertrophy of the left ventricle or “early repolarization”) that can develop superimposed acute MI (ST elevation myocardial infarction or non-STEMI (NSTEMI)); therefore, presence of benign patterns of NISTE does not always rule out acute coronary syndrome (ACS) and even STEMI.
The differential diagnosis of elevation of the ST segment is wide, including conditions with secondary ischemia of the myocardium (for example, dissection of the aortic wall), pre-existing elevation of the ST segment without acute ischemia, and instances with new elevation of the ST segment with chest pain but without evidence of ischemia of the heart muscle (for example, myocarditis or pericarditis, pulmonary embolus, electrolyte imbalance, rate-related repolarization changes, etc.). Obviously, with the current emphasis on diagnosing and triaging acute ST elevation myocardial infarction rapidly, the probability of over-diagnosing ST elevation myocardial infarction and false activation of the pPCI protocols or administration of fibrinolytic therapy may increase. 
Failure to identify NISTE has its costs. It may delay treatment for the original medical condition (i.e., aortic dissection, pulmonary embolus, peptic disease, etc.) and may expose the patient to unnecessary irradiation and exposure to contrast agents, in addition to increased health care costs and exhaustion of the catheterization laboratory personnel. 
False-positive activation of the catheterization laboratory activation (no culprit lesion) have been reported in 9% to 14% of the patients[11,12]. More importantly, the inappropriate activation rate, where the cardiologist did not perform an emergent coronary angiogram, is varied from 5% to 23%[12], largely depending on the training of the activator (paramedic or ED physician). 
In this paper, we describe different patterns of STE and their underlying causes. We intend to provide insight into pathological vs non-pathological STE (Table 1 – common causes of NISTE). A better understanding of STE will lead to faster and the more appropriate treatment, lower false-positive and inappropriate activation of urgent reperfusion protocols (fibrinolytic therapy or pPCI), ensuring the best patient outcomes.

“CONVEX” VS “CONCAVE” PATTERNS OF STE
As mentioned above, the ST segment is normally isoelectric. ST elevation with convex or straight pattern is traditionally considered as indicative of STEMI in contrast to a concave pattern, which is typically considered to be secondary to nonischemic etiologies. The 2004 ACCF/AHA guidelines supported this belief[13]; however, this recommendation has been omitted from the current 2013 ACCF/AHA guidelines[1]. 
Wang[14] also emphasized the importance of the concave tracing in establishing the male pattern, LBBB, and LVH forms of STE over STEMI. However, concavity verses convexity must be analyzed carefully and should not be relied on as the sole criteria for distinguishing NISTE from STEMI. Brady[15] reported 77% sensitivity, 97% specificity, 94% positive predictive value, and 88% negative predictive value for a non-concave STE morphology in acute MI diagnosis. Given the use of ECG for screening, such suboptimal sensitivity would yield poor patient outcomes. Figure 1 depicts an ECG of a man with acute anterior wall ST elevation myocardial infarction presenting with concave form of ST elevation in the precordial leads. Angiography of the coronary arteries revealed total occlusion of the left anterior descending coronary artery (LAD) and the STE resolved after pPCI.

EARLY REPOLARIZATION
The “early repolarization” pattern is usually found 1 to 5% of the patients. Most commonly found in young, athletic, black males[16,17]. In the past, early repolarization pattern of NISTE was considered a benign[17]. More recently, however, early repolarization pattern has been associated with cardiac arrhythmia and sudden cardiac mortality, mainly if there is 0.2 mV or more elevation of the ST segment. Nevertheless, this pattern is not caused by acute ischemia mandating emergent reperfusion therapy. The typical pattern appears as no S wave in V3; 1-4 mm concave elevation of the ST-segment in leads V2-V5 (most prominent in V3) and sometimes the inferior leads; and notching of the downstroke of the R waves (“J” wave), most distinct in lead V5 and V6[16-18]. However, other authors have used different definitions. Figure 2 is an example of early repolarization pattern.
In many cases of “early repolarization”, elevation of the ST segment is not lasting and decreases or disappears when the heart rate increases or if the patient hyperventilates. Therefore, significant changes in the magnitude of ST elevation are not necessarily diagnostic for acute myocardial ischemia. At times, concomitant inversion of the T-waves may be present in the precordial leads, which are due to “juvenile T wave pattern” in younger subjects. These changes could be mistaken for acute myocardial ischemia[16]. 
Hypothermia may cause prominent J-point notch (Osborne waves)[19] that must be distinguished from “early repolarization” pattern. Hypothermia frequently causes slow heart rate and muscle shiver. Osborne waves with elevation of the ST segment are occasionally seen in patients with severe hypercalcemia or disorders of the central nervous system. Low body temperature usually causes prolongation of the QT interval. On the other hand, hypercalcemia usually induces shortening of the QT interval[20]. Hyperkalemia can also cause elevation of the ST segment. In addition, hyperkalemia often presents with QRS widening and changes can be seen in the P waves and the PR segments. Another entity that can be mistaken for notching of the J-point (so called “epsilon waves”) that is typically observed in “Arrhythmogenic Right Ventricular Dysplasia”. In arrhythmogenic right ventricular dysplasia, however, epsilon waves are commonly present in the precordial leads V1-V3[21].

A “NORMAL-VARIANT” PATTERN OF NISTE
A “normal-variant” ST elevation typically presents as elevation of the ST segments mainly in the precordial leads V1 to V3 (Figure 3)[14]. It is typically seen in young persons, mainly in Hispanic or African American males. QRS criteria for hypertrophy of the left ventricular hypertrophy are not met and concomitant depression of the ST segments and T waves changes in the lateral leads are not seen. There are investigators who do not make the difference between a “normal variant” pattern and “early repolarization” pattern, grouping them together under the “early repolarization” umbrella. It should be remembered that “early repolarization” and “normal variant” patterns are frequently present in the same patients.

ELEVATION OF THE ST SEGMENTS DUE TO HYPERTROPHY OF THE LEFT VENTRICULAR
Just as the QRS complex amplitude may increase by a more massive left ventricle, changes in the ST segments can be amplified[22]. NISTE due to hypertrophy of the left ventricle is usually seen in leads V1-V3. Typically, there are QRS amplitude criteria for hypertrophy of the left ventricle and associated depression of the ST segments in the leads facing the lateral wall (V5-V6 and I and aVL) (Figure 4). Frequently elevation of the ST segment is seen in lead aVR. It is crucial not to misdiagnose this pattern as the pattern thought to represent left main induced- or circumferential- subendocardial ischemia (elevation of the ST segments in leads V1 and aVR with accompanying depression of the ST segments in the inferior as well as the anterolateral leads). Per the Third Global MI Task Force consensus paper[1], the cutoffs for the absolute amplitude of the ST segment elevation do not apply for patients with hypertrophy of the left ventricle. Yet; hypertension is an established risk factor for atherosclerotic heart disease, including acute MI. It should be remembered, however, that at times hypertrophy of the left ventricle may present with atypical configurations of ST elevation (Figure 5). Furthermore, frequently patients are presenting with more than one pattern of NISTE (LVH + early repolarization or nonspecific intraventricular conduction delay [IVCD] + LVH and even STEMI on top of ST segment deviations induced by LVH).

ACUTE PERICARDITIS
STE may be seen in the acute or first stage of pericarditis, which occurs in the first few days and may last up to weeks. In most cases, diffuse STE is seen in all the ECG leads, except in leads aVR and V1, that typically have reciprocal depression of the ST segments (Figure 6). This pattern is often associated with PR depression in all ECG leads, except leads V1 and aVR, which occasionally depict reciprocal PR elevation[23]. Focal pericarditis (for example, after acute MI or heart surgery), however, may induce more regional and non-typical forms of ST elevation, which at times could be associated with depression of the ST segments in leads other than V1 and aVR . These atypical patterns could be mistaken for STEMI.

STE SECONDARY TO LEFT BUNDLE BRANCH BLOCK 
LBBB typically causes marked ST changes (Figure 7), making it difficult to recognize STEMI when the LBBB pattern is present. 
New or presumably new LBBB was regarded in the past as an STEMI equivalent[13]. However, the majority of cases with LBBB at the time of presentation, are “not known to be old”, simply because an ECG prior to the index presentation is not available for comparison. Presumably new LBBB and even new left bundle branch block (LBBB) at presentation occurs infrequently, is interfering with the analysis of the ECG, and according to the current STEMI guidelines are not considered diagnostic of acute myocardial infarction without the presence of typical clinical symptoms[3].
Only 1% to 9% of patients suspected of an acute MI have LBBB (new or old) on their ECG[24]. Of the patients with LBBB on whom the STEMI protocol was initiated, 39% had a final diagnosis of true ACS, 36% had cardiac diagnoses other than ACS (hypertensive emergency, acute heart failure, atrial fibrillation, complete heart block, severe aortic stenosis, etc.) and 25% had non-cardiac chest pain[25,26].
LBBB pattern inherently has a masking feature that hides STEMIs. ST deviation typically is directed opposite to the direction of the QRS complex. Acute STEMI, on the other hand, typically presents with ST segment deviations that are concordant with the QRS complex deflections. As patients with LBBB typically show negative QRS complexes in leads V1- V3 (deep S waves), they typically have elevations of the ST segment in the precordial leads V1-V3. This pattern must not be confused with anterior STEMI.
Criteria for recognizing STEMI in patients with LBBB were published by Sgarbossa and colleagues: 1) STE more than 0.1 MV that is concordant with the vector of the QRS complex; 2) ST depression of more than 0.1 mV in lead V1, V2, or V3; and 3) STE of more than 0.5 mV that is directed opposite to the QRS direction[27,28]. Patients are given a point for each of the above criteria and can be stratified on the likelihood of having STEMI based on their Sgarbossa score.
These criteria have been validated in multiple studies[24]. These criteria are reported to have high specificity; however, their sensitivity for identifying acute MI in patients presenting with left bundle branch block is low[24,29]. In a recent meta-analysis, a three point Sgarbossa criteria score (≥ 0.1 mV of concordant STE or ≥ 0.1 mV ST depression in leads V1 to V3) had a sensitivity of 20% and specificity of 98%. If the third original criterion of discordant STE ≥ 0.5 mV in leads is added, the reported sensitivity is ranging between 20 and 79% and specificity between 61 and 100%[29].
Smith and colleagues[30] suggest replacing the third criteria of > 5mm absolute deviation in leads with discordant QRS complex with an ST/S ratio ≤ -0.25. Doing so increased the sensitivity from 67% to 91%, but the specificity remained unchanged at 90%. This modified Sgarbossa criteria needs to be validated with further studies[30].
The absolute magnitude of the deviation of the ST segments in patients with left bundle branch block is influence by the degree of aberrancy and could change secondary to changes in the QRS axis, duration or heart rate. In addition, the absolute magnitude of deviation of the ST segment could change between different ECGs secondary to different electrode placement; this is often observed in the anterolateral precordial leads (V4-V6) in patients showing axis deviation to the left.
There is no data as to the thresholds of ST segment deviation in cases with incomplete left bundle branch block (iLBBB; QRS duration of < 120 msec). Especially, it is unclear what are the cutoff values of “normal” STE in the precordial leads V1-V3 in cases with iLBBB.

STE SECONDARY TO OTHER INTRAVENTRICULAR CONDUCTION DELAYS 
Patients with nonspecific intraventricular conduction delay may also diplay ST changes secondary to repolarization abnormalities (Figure 8). The pattern and magnitude of ST segment elevation or depression in such patients is highly variable, and the right diagnosis of STEMI can often be made only with comparison the index ECG and previous tracings or following changes over time in followup ECGs. Once more, the absolute magnitude of ST deviation can change as the degree of conduction delay changes (QRS width and axis) and may also depend on the heart rate.
Right bundle branch block (RBBB) is considered not to affect the interpretation of ST elevation or depression. Tachycardia, however, may cause depression of the ST segments in the right precordial leads (V1-V3) in patients with RBBB. These dynamic changes in the ST segments are often mistakenly diagnosed as true inferolateral (posterior) STEMI equivalent. 
Pre-excitation (Wolf-Parkinson-White pattern) is occasionally associated with NISTE that are secondary repolarization alterations. The absolute magnitude of ST segment deviation is highly affected by the degree of pre-excitation. 

BRUGADA SYNDROME
The Brugada pattern includes a pattern resembling RBBB with elevation of the ST segment in the precordial leads (V1-V2)[31,32]. The Brugada syndrome is linked to an increased risk of ventricular arrhythmia and sudden cardiac death. Type 1 Brugada pattern is defined by a coved elevation of the ST segment smore than 0.2 mV, associated T wave inversion in more than one of the right precordial leads (V1-V3. This pattern can be seen spontaneously or only after the administration of a sodium channel blocker. The diagnosis of Brugada syndrome depends on the presence of ECG Brugada pattern in a patient with documented history of ventricular fibrillation or polymorphic ventricular tachycardia, or a history of sudden cardiac death in family members that are younger than 45 years, comparable ECG configuration in relatives, unexplained syncope, ability to induce of ventricular tachycardia with programmed electrical stimulation, or agonal respiration at night time[33]. Type 2 Brugada pattern typically presents with a saddleback pattern of STE of more than 0.2 mV that attenuates in the middle and distal partof the ST segment with a positive or biphasic T waves in the precordial leads V1 to V3. Type 3 Brugada pattern shows a saddleback or coved pattern of elevation of the ST segment (less than 0.1 mV). Type 2 and 3 Brugada patterns should not be used to diagnose the Brugada syndrome and are not associated with increased risk of ventricular arrhythmia and sudden death. The ECG changes associated with the Brugada syndrome fluctuate with time, with diverse patterns and magnitude of elevation of the ST segments seen on different ECG tracings[33]. Figure 9 is an example of Type 1 Brugada pattern.

TAKOTSUBO SYNDROME (APICAL BALLOONING SYNDROME)
Takotsubo syndrome is seen mainly in females after menopause. Typically, the syndrome follows acute physiologic or emotional stress. The subjects frequently experience chest pain or dyspnea. The presenting ECG typically shows elevation of the ST segment in the majority (up to 81.6%) of the patients. STE is typically seen in the precordial leads. In addition, abnormalities of the T waves (64.3%) and Q waves (31.8%) can be detected. Takotsubo syndrome is typically associated with mild elevation of the cardiac markers (up to 86.2% of the patients)[34]. 
In the acute phase, the ECG of Takotsubo patients classically show marked depression of the ST segment in lead aVR, no or minimal elevation of the ST segment in lead V1 and concomitant diffuse STE in the other ECG leads (Figure 10)[35].
Frequently, the initial ECG pattern is mistaken for anterior STEMI (especially the type caused by distal occlusion of a wrapping long LAD that results in concomitant STE in both the inferior and precordial leads). Echocardiogram may show regional wall motion abnormalities that are confined to the apex. This pattern is not typical of the common type of anterior STEMI, but may be seen in patients with apical occlusion of a wrapping LAD. It was suggested that the ECGs of patients with Takotsubo have more marked depression of the ST segment in lead aVR in conjunction with less elevation of the ST segment in the precordial lead V1 relative to the ECGs of patients with typical acute anterior STEMI[36].
Because of the variations in presentation, Takotsubo’s may be confused for other STE causes as well. Since many patients present with PR depression, Takotsubo cardiomyopathy often resembles acute pericarditis on EKG[35].
Acute stroke (particularly subarachnoid hemorrhage)[37,38] and pheochromocytoma[39,40] occasionaly present with ECG and trigonal wall motion dysfunction findings that are indistinguishable from Takotsubo cardiomyopathy. 

SPONTANEOUSLY REPERFUSED STEMI
The current STEMI guidelines advocate that subjects presenting with symptoms suggestive of ACS within the 12 h before presentation who have elevation of the ST segment in 2 or more adjacent ECG leads should undergo reperfusion therapy as soon as possible[3]. However, a significant percentage of patients probably have (partial) decrease in the severity of symptoms by the time of arrival to the hospital, more often after receiving chewable aspirin on route to the hospital. In many patients with spontaneous reperfusion the ECG depicts (incomplete) decline in STE with concomitant inversion of the last part of the T waves, as shown in Figure 11. This entity is not recognized by the current guidelines and there are no recommendations whether coronary angiography and revascularization can be delayed in patients with clinical suspicion of “spontaneous reperfusion” if they present within 12 h of onset of symptoms and still have some degree of STE. On the other hand, urgent pPCI is not recommended to asymptomatic patients who are hemodynamically stable despite having STE, if they present > 12 h of onset of symptoms[3].

LEFT VENTRICULAR ANEURYSM
Left ventricular aneurysm may result in persistent elevation of the ST segment after a previous MI. Freuqntly, the ECG may be very similar to that of acute STEMI. In fact, STE secondary to aneurysm may be the most frequently misinterpreted pattern in patients presenting to the emergency room with pain in their chest or dyspnea[41]. In Brady and colleagues’ study, where 11 hypothetical patients and accompanying EKGs were presented to 458 Emergency room physicians, left ventricular aneurysm was misdiagnosed 72% of the time, making it the most commonly misinterpreted STE pattern[42]. Diagnosis is extremely difficult when previous ECGs are unavailable for comparison. Typically, the ECGs of patients with left ventricular aneurysm depict abnormal Q waves in the ECG leads showing elevation of the ST segment. Figure 12 is an example of persistent STE due to aneurysm in a patient three months after acute MI. 

MIXED PATTERNS
In a large number of patients the ECG may show more than one pattern of elevation of the ST segments that makes the precise distinction between NISTE and STEMI extremely hard. At times patients with preexisting benign pattern of NISTE may present with chest pain secondary to NSTEMI. This is termed “pseudo”-STEMI and frequently is mistaken for true STEMI. Some forms of NISTE could show wide variations in the magnitude and extent of STE (for example, the Brugada syndrome or early repolarization). These changes over time; however, differ from the typical pattern of ECG evolution after STEMI. 

CONCLUSION
The physician receiving the patient with symptoms compatible with STEMI at the first encounter should make reperfusion decisions as soon as possible after interpreting the initial ECG[1,3]. This goal was set up because the benefits of reperfusion therapy decline rapidly as the duration of ischemia is prolonged. Rapid interpretation of the ECG is crucial to shorten door-to-balloon time[43]. In an attempt to shorten the time to reperfusion, new approaches are currently being tested[44].
One of the more successful strategies is pre-hospital activation of the coronary catheterization laboratory by emergency medical services. Systems have been established in which in addition to interpreting the transmitted ECG, the interpreting physician can directly communicate with the emergency medical system (EMS) team or even the patient via a mobile phone[44]. The pre-hospital activation strategy is associated with a door to balloon time reduction of 15.4 min[44]. In the systems used in the United States, on the other hand, the electrogradiographer does not have the advantage of a face-to-face history taking and physical examination of the patient. In addition, even if previous ECGs are stored in the (electronic) medical records, as a result of privacy issues, ECGs are transmitted without any identifier details, including names. Hence, the interpreter is not able to compare the transmitted ECG with preceding ECGs, even if they are readily available. Diercks and colleagues have shown an improvement in mortality for patients in whom pre-hospital activation system was used (6.7%), vs in patients without prehospital activation (9.5%)[45]. Although such approach might increase the sensitivity of detecting STE, the specificity and false activation remains a problem. The reported false-positive rate ranges from 5.6% to 25%[43,46-48]. These data suggest there is significant room for improvement.
To evaluate the capability of experienced experts in ECG reading to differentiate between STEMI to NISTE, 15 experienced ECG readers analyzed 116 ECGs showing elevation of the ST segments. The readers were asked whether the catheterization laboratory should be activated for possible STEMI if patients had symptoms suggestive of ACS[49]. In this set of ECGs, only 7% had adjudicated STEMI and 8 more patients had elevation of the heart muscle markers without clinical indication of STEMI. The number of cases for which acute reperfusion therapy was suggested by each of the ECG experts ranged between 7.8% to 33%. There were wide differences in sensitivity [50% to 100%, (average 75%)] and specificity [73% to 97%, (average 85%)] of the individual readers[49]. This study suggested that there is a need for refining the criteria for differentiating between NISTE and STEMI in different population setting and that the available criteria for diagnosing STEMI should be refined and standardized in order to maximize the accuracy of ECG interpretation.
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	Table 1 Common patterns of nonischemic ST elevation 

	ST elevation secondary to LVH

	ST elevation secondary to conduction defect (such as left bundle branch block and non-specific intracardiac conduction delay)

	Early repolarization patter (notched J-point typically in anterolateral leads)

	Normal variant of ST elevation (ST elevation mostly in leads V2-V3)

	Concave ST elevation

	Spontaneously reperfused STEMI 

	Aneurysm/ Old myocardial infarction

	Pericarditis/ myocarditis

	Wolf-Parkinson-White syndrome (pre-excitation)

	Brugada pattern 

	Takotsubo (apical ballooning) syndrome

	Hyperkalemia 

	Hypercalcemia


LVH: Left ventricular hypertrophy; STEMI: ST elevation myocardial infarctions.

[image: ]
Figure 1 A patient with acute anterior wall ST elevation myocardial infarctions with concave form of STE in the precordial leads (V3-V5). Coronary angiography revealed mid left anterior descending occlusion and primary percutaneous coronary intervention was performed.

[image: ]Figure 2 An example of ST elevation due to “early repolarization”. ST elevation with notched J waves is seen in the inferior and anterolateral leads.

[image: ]Figure 3 An electrocardiogram of a young male with a “normal variant” concave pattern of ST elevation in leads V2-V4.


[image: ]Figure 4 An electrocardiogram showing typical pattern of ST elevation due to hypertrophy of the left ventricular with secondary repolarization changes. There is ST elevation in leads V1-V2 and ST depression with T wave inversion in the inferolateral leads.

[image: ]Figure 5 An electrocardiogram of a patient with atypical form of ST elevation secondary to left ventricular hypertrophy. ST elevation is present in leads I, aVL, V1-V2. Mild ST depression is present in the inferior leads and V5-V6.

[image: ]Figure 6 Diffuse ST elevation secondary to acute pericarditis. There is typical depression of the PR segment (seen mainly in leads II and aVF. There is ST elevation in the inferolateral leads with ST depression in lead aVR.

[image: ]Figure 7 ST elevation secondary to left bundle branch block. The ST segment vector is directed opposite to the QRS vector. STE is present in the leads with negative QRS deflection (mainly leads V1-V3). There is typical ST depression in the leads with positive QRS deflection (the inferolateral leads).
[image: ]Figure 8 A patient with intraventricular conduction delay. There is mild elevation of the ST segment in the inferior leads and marked ST elevation in V2-V6. The patient is known to have non-ischemic dilated cardiomyopathy and this is his chronic electrocardiogram pattern.

[image: ]Figure 9 A patient showing a Brugada pattern with RsR’, elevation of the ST segment and negative T waves in leads V1-V2.

[image: ]Figure 10 An elderly female patient with ST elevation secondary to Takotsubo. Angiography of the coronary arteries did not demonstrate significant coronary artery narrowings. 
[image: ]Figure 11 A patient with ST elevation associated with inversion of the terminal portion of the QRS in leads aVL, V1-V5 due to recent anterior ST elevation myocardial infarctions. On presentation symptoms have already subsided.

[image: ]Figure 12 A patient with ST elevation secondary to aneurysm. There are Q waves in the inferior leads + V5-V6 and tall R waves in V1-V2, secondary to old inferolateral ST elevation myocardial infarctions. There is elevation of the ST segments in the inferior leads associated with reciprocal ST depression in leads I and aVL. The electrocardiogram (ECG) is compatible with both acute evolving inferior ST elevation myocardial infarctions or aneurysm. Comparison to previous ECG showed that this pattern is chronic and compatible with aneurysm.
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