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ST‑segment elevation myocardial 
infarction mimics: The 
differential diagnosis of nonacute 
coronary syndrome causes of 
ST‑segment/T‑wave abnormalities in 
the chest pain patient
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Abstract:
The evaluation of adult patients suspected of ST‑segment elevation myocardial infarction (STEMI) 
includes a focused history and examination, 12‑lead electrocardiogram (ECG), and cardiac serum 
marker analysis. The ECG plays a pivotal role in the early diagnosis and management of STEMI. 
A number of ECG entities in this patient population will present with ST‑segment elevation and 
other electrocardiographic abnormalities which can mimic STEMI. In this article, we review the most 
frequent STEMI mimic patterns, highlight their ECG characteristics, and compare these individual 
ECG entities to the electrocardiographic abnormalities present with STEMI.
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Introduction

The approach to the adult patient with 
chest pain focuses on the recognition 

and treatment of life‑threatening conditions, 
such as ST‑segment elevation myocardial 
infarction  (STEMI), other high‑risk acute 
coronary syndrome  (ACS) presentations, 
and a range of noncoronary ailments. 
Considering STEMI and other high‑risk 
ACS presentations, the core emergency 
department  (ED) evaluation includes a 
focused history and physical examination, 
s e r u m  m a r k e r s ,  a n d  t h e  1 2 ‑ l e a d 
electrocardiogram  (ECG). The ECG plays 
a pivotal role in the early diagnosis and 

management of STEMI. In fact, the presence 
of anatomically oriented ST‑segment 
elevation is required for the diagnosis of 
STEMI and also provides an indication 
for emergent reperfusion therapy, such 
as fibrinolysis or percutaneous coronary 
intervention (PCI).

The most recent definition of STEMI, 
published jointly by the American College 
of Cardiology (ACC), the American Heart 
Association  (AHA), the European Society 
of Cardiology  (ESC), and the World 
Heart Federation  (WHF), has adjusted 
the prior ST‑segment magnitude required 
for STEMI diagnosis with both age and 
gender considerations. [1] This revised 
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electrocardiographic definition includes newly noted 
ST‑segment elevation, at the J point, in two anatomically 
contiguous leads, meeting the following criteria:
•	 In  men,  <40   years  o f  age   –   ST‑segment 

elevation ≥2.5 mm in leads V2 or V3 or ≥1 mm in 
any other lead

•	 In  men,  ≥40  years  of  age   –   ST‑segment 
elevation ≥2.0 mm in leads V2 or V3 or ≥1 mm in 
any other leads; and

•	 In women, regardless of age  –  ST‑segment 
elevation ≥1.5 mm in leads V2 or V3 or ≥1.0 mm in 
any other leads.

One important consideration is the statement “…lacking 
features of a noninfarction syndrome.” This statement 
addresses a significant challenge faced by emergency 
clinicians worldwide, namely the electrocardiographic 
identification of STEMI as well as the ECG recognition 
of this range of noninfarction syndromes, also referred 
to as the STEMI mimics. The STEMI mimics include a 
number of ECG presentations, including left ventricular 
hypertrophy (LVH) through voltage criteria with the strain 
pattern, left bundle branch block (LBBB), right ventricular 
paced rhythm (RVPR), benign early repolarization (BER), 
acute myocarditis/myopericarditis, and left ventricular 
aneurysm (LVA), among other entities [Figure 1].

When the emergency clinician considers the various 
etiologies of ST‑segment elevation in the ED patient 
with chest pain, one must realize that approximately 
60%–80% of these individuals ultimately are found to 
not be associated with STEMI [Figure 1] in other words, 
the electrocardiographic abnormalities are caused by 
a STEMI mimic pattern.[2,3] Importantly, these STEMI 
mimics frequently meet the electrocardiographic 
criteria for STEMI.[1] Herein lies one of the major clinical 
challenges of the emergency diagnosis of STEMI, the 
electrocardiographic distinction of STEMI from the 
various STEMI mimicking patterns.

Figure 1: Electrocardiographic causes of ST segment elevation in adult chest pain 
patients in the prehospital and emergency department settings. EMS: Emergency 
medical service, ED: Emergency department, LVH: Left ventricular hypertrophy, 

LBBB: Left bundle branch block, STEMI: ST‑segment elevation myocardial 
infarction, BER: Benign early repolarization, RBBB: Right bundle branch block, 

NSIVCD: Nonspecific intraventricular conduction delay[9]

ST‑segment Elevation Myocardial Infarction

A brief review of the electrocardiographic abnormalities 
of STEMI [Figure 2] is indicated here. STEMI is defined 
electrocardiographically by at least two ECG leads 
demonstrating anatomically oriented ST‑segment 
elevation of a certain amplitude. These two leads must 
be in the same anatomic segment, such as anterior 
(leads V1–V4), lateral  (leads I, aVL, V5, and V6), or 
inferior  (leads II, III, and aVF). The amplitude of the 
elevated ST‑segment is dependent on age, gender, 
and specific ECG lead, as described by the revised 
definition of acute myocardial infarction  (AMI) from 
the ACC/AHA/ESC/WHF.[1] The emergency clinician 
should be cautioned to consider ST‑segment elevation of 
lower magnitudes (i.e., less than that described above) in 
patients with classic presentations for AMI, particularly 
early in the course of the infarction.

The elevated ST‑segment in STEMI can assume three 
different morphologies, including convex, obliquely 

Figure 2: Electrocardiogram (ECG) abnormalities in the ST‑segment elevation 
myocardial infarction (STEMI) patient. (a) Convex ST‑segment elevation 

morphology, very common in the acute myocardial infarction (AMI) patient, 
(b) Obliquely straight ST‑segment elevation morphology, very common in the AMI 

patient, (c) Concave ST‑segment elevation morphology, frequently seen early in the 
course of the acute infarction; this ST‑segment elevation morphology, however, is 
much less common later in course of the AMI patient, (d) The hyperacute T wave 
of early STEMI, usually seen in the initial 5–30 min of STEMI; with the appropriate 

clinical presentation, the hyperacute T wave is considered a STEMI equivalent, 
(e) Reciprocal ST‑segment depression, more commonly known as reciprocal 
change, is defined as ST‑segment depression on the ECG of a patient with 

simultaneous ST‑segment elevation. Its presence, in a patient with the appropriate 
clinical presentation, is strongly suggestive of STEMI. Note that the concept 

of reciprocal change cannot be used in the setting of left bundle branch block, 
right ventricular paced pattern, and the left ventricular hypertrophy via voltage 
pattern– the ST‑segment depression seen in these patterns is not considered 

reciprocal change. STEMI: ST‑segment elevation myocardial infarction
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straight, and concave  [Figure  2a‑c]. Both convex and 
obliquely straight morphologies are very common in 
STEMI while the concave contour is encountered less 
frequently; of note, the concave pattern can be seen in 
STEMI patients, particularly very early in the course of 
the acute infarction.[2,4] Nonetheless, a concave pattern 
of ST‑segment elevation can be used to exclude STEMI, 
when employed in conjunction with other features of 
the clinical presentation which do not suggest AMI. In 
fact, a nonconcave elevated ST‑segment morphology 
(either convex or obliquely straight) is highly specific for 
STEMI while a concave contour is similarly specific for 
a STEMI mimic.[2] The emergency clinician should also 
consider the hyperacute T wave [Figure 2d] as an early 
indication of STEMI, again assuming that other features 
of the clinical presentation suggest AMI.

Finally, two other important electrocardiographic 
features can be potentially useful in situations involving 
difficult electrocardiographic distinction of STEMI from 
the STEMI mimics, including the presence of reciprocal 
ST‑segment depression  [Figure  2e] and serial ECGs 
demonstrating the dynamic nature of the ST segment/
T‑wave abnormalities,  both of which are present in 
STEMI and can be useful in considering the ultimate 
ECG diagnosis. Reciprocal ST‑segment depression, also 
known as reciprocal depression or reciprocal change, is 
defined as ST‑segment depression occurring in one ECG 
lead on an ECG which also demonstrates ST‑segment 
elevation; this concept cannot be used in patients with 
LBBB, RVPRs, and LVH with strain (via voltage criteria). 
The presence of reciprocal ST‑segment depression in 
this instance provides a very high degree of certainty 
that the ST‑segment elevation is produced by STEMI. 
The dynamic nature of the ECG in early STEMI can 
also be used as a diagnostic aid. Realizing that early 
the ECG in STEMI produces ST segment and T‑wave 
abnormalities which are dynamic and can evolve over 
very short periods of time (i.e., minutes–hours), serial 
ECGs can be used to demonstrate this rapid change 
and thus “rule‑in” STEMI; conversely, the absence of 
change over a short period of time (i.e., minutes–hours) 
can suggest a STEMI mimic.

Differential Diagnosis of Nonacute 
Coronary Syndrome Causes of ST 
Segment/T‑Wave Abnormalities

The electrocardiographic differential diagnosis of 
ST‑segment elevation in the adult chest pain patient 
suspected of ACS is quite broad; of note, it is important 
to realize that the entities in this differential diagnosis all 
meet the electrocardiographic criteria for STEMI… and 
yet, STEMI represents a minority of these presentations, 
ranging from 20% to 40% of these patients.[2,3] A list of 

the differential diagnosis [Figure 1] includes LVH with 
strain pattern, LBBB, RVPR, BER, acute myocarditis/
myopericarditis, and LVA, among other entities.

Left Ventricular Hypertrophy Pattern

LVH by voltage criteria is a leading a cause of ST‑segment 
elevation encountered in the ED and is associated with 
“negative” (i.e., no evidence of acute coronary occlusion) 
cardiac catheterization.[5‑7] In fact, the LVH pattern 
is the most common cause of ST‑segment elevation 
among ED patients with chest pain.[2,3] In the setting 
of chronic hypertension, the left ventricle undergoes 
anatomic remodeling with increased muscle mass, and 
resultant electrical remodeling with larger amplitude 
QRS complexes.[8]

The resultant increased muscle mass of the left ventricle, 
manifested by larger amplitude QRS complexes, causes 
in an increased negative amplitude of the S‑wave in 
leads V1–V4 and an accompanying positively deflected 
ST segment in these same leads.[9] The lateral leads, 
leads V5 and V6, will have the opposite findings with 
a large, positively deflected R‑wave and associated 
ST depression.[9] In other words, the ST segment 
will be discordant with  (opposite the isoelectric line 
from) the dominate component of the QRS complex. 
The Sokolow–Lyon criteria can be used to diagnose 
electrocardiographic LVH pattern; these criteria include 
the following: S‑wave in lead V1 + R wave in lead V5 
or V6 >35 mm or R wave in lead V5 or V6 >26 mm.[10] 
Approximately 80% of patients with the LVH by voltage 
pattern will demonstrate the so‑called “strain pattern;” 
the strain pattern is defined as ST segment and T‑wave 
abnormalities related to the LVH pattern. The strain 
pattern produces ST‑segment elevation in leads with 
negatively oriented QRS complexes and ST‑segment 
depression with T‑wave inversion in leads with 
positively oriented QRS complexes. The elevated 
ST‑segment is noted to be concave in contour while the 
depressed ST segment is asymmetric, with a gradual 
downslope fusing with the inverted T wave and an 
abrupt return to the baseline [Figure 3].[11]

Unlike the dome or “tombstone‑” shaped ST‑segment 
elevation found in STEMI  [Figure  4], the positively 
deflected ST segment in LVH will usually have a concave 
appearance as judged from the top of the page (i.e., a 
“smile” or “teacup‑” shaped appearance). The ST 
elevation is typically <3 mm in amplitude,[7,8,12] but can 
be as high as 5 mm.[9] An important distinction between 
STEMI and ST‑segment elevation due to LVH is that 
the latter will not manifest dynamic changes. Of note, 
patients with the LVH pattern are at increased risk for 
cardiovascular disease and can present with a STEMI. 
A  prior ECG can be immensely helpful in discerning 
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whether ST‑segment elevation in in the setting of LVH 
could coexist with those ST‑segment elevation caused 
by STEMI.

Left Bundle Branch Block

LBBB is another common cause of ST‑segment elevation 
among ED chest pain patients; in fact, it is the second 
most frequently encountered form of noninfarction 
ST‑segment elevation. LBBB is rather common among 
the ED chest pain patient, which is unfortunate for 
several reasons:  (1) LBBB is a marker of significant 
heart disease with extreme risk of acute cardiovascular 
complication and death in patients with ACS; and (2) 
LBBB markedly reduces the diagnostic power of the ECG 
in the evaluation of potential ACS.

The concept of appropriate discordance predicts the 
normal ST‑segment–T‑wave findings  [Figure  5]; this 
“rule” notes that the ST segment and T wave are 
directed opposite of the primary portion of the QRS 
complex.[12]  In leads with a negatively oriented QRS 
complex, ST‑segment elevation with upright T‑wave 
is noted while, in leads with positively directed QRS 
complexes, the ST segment is depressed with an inverted 
T‑wave. This relationship translates into the following 
ST‑segment and T‑wave configurations:
•	 In leads V1 and V2, a wide, primarily negative 

QS or rS complex is noted with ST segment 
elevation and prominent T waves; the ST‑segment 
elevation ranges from minimal (1 to 2 mm) to very 

prominent (<5 mm) and is proportional to the size of 
the QRS complex [Figure 5]; and

•	 In leads I, aVL, V5 and V6, a positive, monophasic R 
wave is encountered with the ST‑segment depression 
and T‑wave inversion, again with the magnitude of 
the depression proportional to the size of the QRS 
complex [Figure 5a and b].

It is important to recognize the anticipated ST‑segment 
and T‑wave configurations of uncomplicated 
LBBB  [Figures  5 and 6] such that the clinician can 
identify inappropriate abnormalities, suggestive of 
ACS. Briefly, these unanticipated abnormalities of the ST 
segment/T wave include ST segment deviation located 
on the same side of the primary portion of the QRS 
complex (i.e., concordant ST‑segment changes) and/or 
disproportionate ST‑segment deviations, located opposite 
the major, terminal portion of the QRS complex (excessive 
discordant ST‑segment changes). These abnormal 
findings are described by the modified Sgarbossa rule.[13]

Right Ventricular Paced Rhythm

The RVPR is another electrocardiographic entity 
which will produce ST‑segment and T‑wave changes 
which can lead the unwary clinician in the wrong 
diagnostic‑therapeutic direction. Similar to the LVH 
and LBBB patterns, the RVPR reduces the ECG’s ability 
to detect AMI and is thus considered a confounding 
ECG pattern as well. In addition to its confounding 
effect, the right ventricular paced pattern also mimics 
the ECG findings of AMI and other more significant 
ACS presentations. Recognition of the anticipated 
electrocardiographic findings in RVPR is vital, allowing 

Figure 3: The ST‑segment and T‑wave abnormalities seen in left ventricular 
hypertrophy pattern (LVH) via voltage. Note that the ST‑segment and T‑wave 

abnormalities seen in LVH via voltage are seen in approximately 80% of patients 
with this pattern and are referred to as the strain pattern. (a) Asymmetric, 

down sloping ST‑segment depression, fusing with an inverted T wave in lead I, 
(b) Asymmetric, down sloping ST‑segment depression, fusing with an inverted 
T wave in lead V6, (c) Concave morphology ST‑segment elevation in the LVH 
patient, commonly seen in leads V1–V4. Note ST‑segment–T wave complex 
is directed opposite the primary direction of the QRS complex. Note that the 

ST‑segment–T‑wave complex is directed opposite the primary direction of the QRS 
complex. It is important to note that the modified Sgarbossa criteria is not applicable 

in the LVH with strain pattern. Yet, the anticipated relationship of the ST segment 
and T wave is directed opposite of the primary polarity of the QRS complex

a

b c

Figure 4: A comparison of the elevated ST segment in left ventricular 
hypertrophy (LVH) and ST‑segment elevation myocardial infarction (STEMI). Note 

the concave morphology of the elevated ST segment in LVH as compared to STEMI 
with the convex and obliquely straight morphologies of ST‑segment elevation. 

Furthermore, note the large amplitude of the negatively oriented QRS complex in 
the LVH patient. STEMI: ST‑segment elevation myocardial infarction
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the clinician to identify the unanticipated findings of acute 
pathology, such as AMI. In the uncomplicated RVPR, the 
anticipated ECG findings are as follows [Figure 7]:
•	 A broad, mainly negative QRS complex with a QS 

configuration in leads V1–V6
•	 R waves are usually absent yet can appear in leads 

V5 and/or V6
•	 A large monophasic R wave in leads I and aVL and 

occasionally in leads V5 and/or V6; and
•	 Negatively oriented QRS complex in leads II, III, and 

aVF with QS configurations.

The concept of appropriate discordance describes 
the anticipated ST segment  –  T‑wave configurations, 
relative to the QRS complex polarity. The anticipated 
ST segment  –  T‑wave configurations are discordant, 
directed opposite from the terminal portion of the 
QRS complex, similar to the electrocardiographic 
principles applied in the setting of LBBBs. The 
anticipated ST‑segment – T‑wave configurations are as 
follows [Figures 7 and 8]:
•	 Leads with primarily negative QRS complexes (i.e., QS 

complexes) will demonstrate ST‑segment elevation 
with an upright T wave
•	 As noted in inferior leads  (II, III, and aVF) and 

entire precordial leads (V1–V6); and
•	 Leads with primarily positive QRS complexes (i.e., large 

R wave) demonstrate ST‑segment depression with 
T‑wave inversion
•	 As noted in leads I, aVL, and occasionally leads 

V5 and V6.

As with the LBBB electrocardiographic presentation, it 
is important to recognize the anticipated ST‑segment 
and T‑wave configurations of uncomplicated RVPR, 
such that the clinician can identify inappropriate 
abnormalities, suggestive of AMI or other forms of 
ACS  [Figure  8]. The modified Sgarbossa criteria is 
also applicable in the ECG evaluation of the RVPR 
presentation. These unanticipated abnormalities of 
the ST‑segment‑T wave include ST‑segment deviation 
located on the same side of the primary portion of the 
QRS complex  (i.e.,  concordant ST‑segment changes) 
and/or disproportionate ST‑segment deviations, 
located opposite the major, terminal portion of the QRS 
complex  (excessive discordant ST‑segment changes). 
These abnormal findings are described by the modified 
Sgarbossa rule.[14]

Benign Early Repolarization

BER is responsible for approximately 10% of ST‑segment 
elevation presentations in the adult ED patient with 
chest pain. The term, BER, describes a normal variant 
presentation in which the ST segment is elevated at the 
J point, most frequently in the precordial leads; some 

Figure 5: The anticipated electrocardiogram findings in the patient with 
uncomplicated left bundle branch block (LBBB). In general, the anticipated 

findings in LBBB are described as follows: The ST segment–T wave complex is 
directed opposite (i.e., discordant) to the primary direction of the QRS complex. (a) 
Discordant ST‑segment elevation with upright T wave, (b) Discordant ST‑segment 

depression with inverted T wave

a b

Figure 6: A comparison of the elevated ST segment in left bundle branch 
block (LBBB) and ST‑segment elevation myocardial infarction (STEMI). Note the 

concave morphology of the elevated ST segment in LBBB as compared to STEMI 
with the convex and obliquely straight morphologies of ST‑segment elevation. 
In addition, note the widened QRS complex, typical of bundle branch block. 

STEMI: ST‑segment elevation myocardial infarction

Figure 7: The anticipated electrocardiogram findings in the patient with 
uncomplicated right ventricular paced pattern. In general, the anticipated findings 

in right ventricular paced pattern are described as follows: The ST‑segment–T 
wave complex is directed opposite (i.e., discordant) to the primary direction of 

the QRS complex. (a) Discordant ST‑segment depression with inverted T wave, 
(b) Discordant ST‑segment elevation with upright T wave. In both “A” and “B,” note 

the widened QRS complex and pacer spike

a b
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clinicians refer to this ECG entity as a “high take‑off” 
pattern, meaning that the J point is elevated with 
initiation of the ST segment at this elevated position. In 
addition, this entity is benign; patients who demonstrate 
BER‑related ST‑segment changes have normal lifespans 
and no greater occurrence of cardiovascular disease than 
those individuals who do not have BER. Lastly, the term 
“early repolarization” is a misnomer; the repolarization 
cycle seen in these patients is similar to those individuals 
who do not demonstrate BER‑related changes; the exact 
cause of the elevated ST segment is not known.

BER is a common finding in the general population 
with a prevalence noted to be 1%.[15] It is found very 
frequently in younger male patients, as noted in a 
review of 6014 male military recruits, noting that 91% 
had ST‑segment elevation of up to 3 mm in at least one 
precordial lead.[16] The “most typical” patient with BER 
is a young adult male of African American descent; the 
least common patient is an older white female. BER is 
uncommon in patients over age 50 years of age.[7,9] BER 
is at times confused with STEMI; it is a common cause 
of false positive STEMI activation of the catheterization 
laboratory among patients with ultimately “negative” 
evaluations for AMI.[17]

BER demonstrates a characteristic ECG presentation. 
Essentially, the ST segment is elevated at the J point, most 
often in the precordial leads [Figure 9]; it appears as if the ST 
segment has been evenly lifted off the electrocardiographic 
baseline with preservation of the normal concavity of the 
ST segment–T‑wave complex. The electrocardiographic 
criteria include the following [Figure 9]:
•	 Upward concavity of the initial portion of the elevated 

ST segment
•	 Slurring or notching of the QRS complex at the J point
•	 Prominent asymmetric T waves, concordant with the 

QRS complex (except in V1–V2 where there should 
be a prevailing S wave)

•	 Widespread distribution of the ST‑segment elevation, 
usually in the precordial leads and occasionally 
involving both the precordial leads and the limb 
leads (note that isolated BER in the limb leads is very 
uncommon); and

•	 Relative temporal stability of the pattern (i.e., does 
not change over short periods of time).[9,18]

Additional electrocardiographic features, as described 
by Macfarlane et al., include the three criteria:
•	 QRS complex slurring or notching (i.e.,  J wave) on 

the downslope of an R wave; occurring above the 
isoelectric line

•	 Peak of the J wave  >0.1 mV in two or more 
leads (except V1–V3); and

•	 QRS complex duration <120 ms.[19]

The morphology of the ST‑segment elevation in BER 
is concave, whereas the contour of elevated segment is 
convex or obliquely straight [Figure 10]; this distinction, 
however, has only a 77% sensitivity for STEMI yet the 
finding is very specific for acute infarction.[2,20]

The distribution of ST‑segment elevation is as follows: (1) 
precordial leads–  most frequent distribution pattern, 
seen in the majority of patients  (60%) with BER,  (2) 
precordial and limb leads – seen in approximately 30% of 
patients; and “isolated” in the limb leads – no precordial 
involvement, seen in only 5% of patients. The ST‑segment 
elevation is usually <2.0–3.0 mm in magnitude with a 

Figure 8: A comparison of the elevated ST segment in right ventricular paced 
pattern and ST‑segment elevation myocardial infarction (STEMI). Note the 

concave morphology of the elevated ST segment in right ventricular paced pattern 
as compared to STEMI with the convex and obliquely straight morphologies of 

ST‑segment elevation. In addition, note the widened QRS complex, typical of a right 
ventricular paced pattern as well as the pacing spike, immediately prior to the QRS 

complex. STEMI: ST‑segment elevation myocardial infarction

Figure 9: Electrocardiogram findings of benign early repolarization. (a) Concave 
morphology ST‑segment elevation. In both examples, it appears that the ST 

segment has been lifted evenly off the baseline at the J point, with preservation 
of the concave ST segment, (b) Concave morphology ST segment. Also note 
irregularity of the J point, a finding which is strongly suggestive of benign early 
repolarization, (c) Prominent T wave and concave morphology ST segment; T 

waves can be very prominent, particularly in leads V2–V4. J point irregularity is also 
noted

a b c
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range of 0.5–5.0 mm in the precordial leads.[9] If the limb 
leads are involved, the magnitude of the elevation is 
much lower, ranging from 0.5 to 1.0 mm; lead II usually 
has larger magnitude than lead III; in contrast, with 
inferior STEMI‑related ST‑segment elevation, lead III 
usually has greater elevation compared to lead II.[7,21] 
The T waves, particularly in leads V1–V4, are frequently 
quite prominent, with heights approaching 6.5 mm in 
precordial leads and 5.0 in the limb leads.[9]

A caveat must be noted regarding BER and its distinction 
from early repolarization syndrome or “J wave 
syndrome” which is associated with sudden cardiac 
death. In the J wave syndrome, the J waves appear as 
prominent deflections at the terminal portion of the QRS 
complex, similar to the Osborne waves of hypothermia; 
in addition, the ST‑segment changes are usually isolated 
to the inferior leads.[22]

Myocarditis/Myopericarditis

Acute myocarditis/myopericarditis, yet another cause of 
noninfarction ST‑segment elevations, thus representing yet 
another STEMI mimic; acute myocarditis/myopericarditis 
presents most often with chest pain accompanied 
by various electrocardiographic changes, including 
ST segment and T‑wave abnormalities. Significant 
ST‑segment elevation can be seen in up to 70% of patients, 
representing the STEMI mimicking presentation.[23] In 
fact, the challenge of diagnosing myocarditis can be 
demonstrated by the number of patients who receive 
cardiac catheterization for a presumed STEMI, only to 
find myocarditis as the ultimate diagnosis.[24]

The inflammatory process produces ST segment and 
related electrocardiographic changes, along with 
various symptoms such as chest pain along with cardiac 
dysfunction (acute heart failure, shock, dysrhythmias) 
in severe cases. Acute myocarditis/myopericarditis 
involves inflammation of the myocardium and/or the 

pericardium with associated symptoms related to cardiac 
dysfunction; the inflammatory process can affect all 
layers of myocardium to include the conduction system 
that will affect the ECG.

Acute myocarditis/myopericarditis is most often 
secondary to a viral, autoimmune, or idiopathic process.[25] 
Common viruses include influenza, coronavirus, and 
parvovirus B19. Common autoimmune‑driven 
processes can involve lupus, vaccines, and drug 
reactions.[26] Recall that pericarditis  (i.e.,  without 
myocardial involvement) does not present with ECG 
abnormalities in that the pericardium is electrically silent. 
Myocarditis/myopericarditis is a cause of noninfarction 
ST‑segment elevation, among other ECG findings, thus 
representing yet another STEMI mimic.

The most common ECG presentation of acute 
myocarditis/pericarditis is sinus tachycardia with 
nonspecific ST‑segment–T‑wave abnormalities. 
Early‑stage acute myocarditis/myopericarditis presents 
electrocardiographically with ST‑segment elevation and 
PR segment depression [Figure 11].[27] The ST‑segment 
elevation, the most prominent electrocardiographic 
feature, is usually  <5  mm in magnitude, concave 
in morphology, and widespread in distribution. 
The magnitude of ST‑segment elevation usually 
ranges from 2.0 to 4.0  mm in height; ST‑segment 
elevation >5 mm is unusual. The morphology of the 
elevated ST segment is most frequently concave in 
shape, in contrast to the convex or obliquely straight 
morphologies of STEMI  [Figure  12]. ST‑segment 
elevation is usually widespread, noted in the following 
electrocardiographic leads: I, II, III, aVL, aVF, and 
V2–V6‑essentially, all leads except leads aVR and V1; 
“reciprocal” ST‑segment depression is seen in lead aVR 
and occasionally in lead V1. The ST‑segment elevation 
is most often seen in many leads simultaneously 
though it may be limited to a specific anatomic segment 
if the process is focal; if focal inflammation is present, 
the inferior wall is often involved with leads II, II and 
aVF commonly affected.

PR segment abnormality [Figure 11a and b], resulting 
from atrial inflammation, is a highly suggestive 
electrocardiographic feature of early‑stage I acute 
myocarditis/myopericarditis. PR segment depression 
is described as “almost diagnostic” and is best observed 
in the lateral precordial  (V5 and V6) and the inferior 
(II, III, and aVF) leads. “Reciprocal” PR segment 
elevation is seen in lead aVR; in many cases, this finding 
is in fact more obvious to the clinician compared to PR 
segment depression.

T‑wave inversion, a later stage electrocardiographic 
manifestation, is usually transient. The T‑wave 

Figure 10: A comparison of the elevated ST segment in benign early 
repolarization (BER) and ST‑segment elevation myocardial infarction (STEMI). 

Note the concave morphology of the elevated ST segment in BER as compared 
to STEMI with the convex and obliquely straight morphologies of ST‑segment 

elevation. STEMI: ST‑segment elevation myocardial infarction
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inversions most often occur in the leads which had 
recently manifested early‑stage ST‑segment elevation. 
The magnitude and morphology of the inverted T 
wave are nonspecific. The inverted T waves are usually 
of normal amplitude with symmetric initial (down 
sloping) and final  (up sloping) limbs–  characteristics 
which can be confused with an ACS presentation. 
Additional electrocardiographic findings may be 
noted in patients with different presentations, such 
as myocarditis/myopericarditis with pericardial 
effusion (widespread diminished electrical forces with 
smaller QRS complexes and electrical alternans). With 
increasing involvement of the myocardium, a more 
pronounced version of myocarditis is encountered. 
Recall that myopericarditis must often only involves 
epicardial irritation; in this instance, a more extensive 
form of myocarditis is active, which can manifest with 
Q waves, bundle branch block, and dysrhythmias).

A range of other electrocardiographic abnormalities, 
including both malignant rhythms and abnormal QRS, 
ST segment, and T‑wave issues have been noted.

When a patient presents with chest pain and ECG 
changes, particularly ST‑segment elevation, it can be 
difficult to differentiate a STEMI from myocarditis/
myopericarditis. Electrocardiographic clues can assist 
in this differentiation. Reciprocal ST depression is 
more commonly found with STEMI as compared to 
nonischemic causes. PR segment depression suggests 
myocarditis/myopericarditis.[28] The PR depression seen 
in pericarditis should be present in multiple leads. The 
presence of ST‑segment depression and the absence of 
PR segment depression have been found to be more 
indicative of STEMI.[29] STEMI is more likely if there is 
(1) Reciprocal ST‑segment depression (with the exception 
of lead V1 or lead aVR) or, (2) ST‑segment elevation in 
lead III greater than in lead II.[30]

Although myocarditis and pericarditis can have changing 
electrocardiographic abnormalities including ST‑segment 
morphologic alterations, the changes are usually over a 
longer period of time rather than minutes–hours as in 
an STEMI. Performing serial ECGs and noting dynamic 
changes can be suggestive of STEMI.[9]

Other ECG abnormalities can distinguish acute 
myocarditis/myopericarditis from STEMI. The degree 
of ST‑segment elevation can assist with identification. 
With inferior ST‑segment elevation, the elevation in 
acute myocarditis/myopericarditis rarely exceeds 
5 mm.[7] The presence of any ST‑segment depression in 
lead aVL is highly sensitive for acute coronary occlusion 
and thus STEMI.[31] Spodick’s sign [Figure 11c], down 
sloping of the TP segment between consecutive P‑QRS‑T 
cycles  (best seen in leads II, V5, and V6), is strongly 
suggestive of acute myocarditis/myopericarditis.[32]

Left Ventricular Aneurysm

LVA is responsible approximately 5% of ST‑segment 
elevation in adult ED patients being evaluated for acute 

Figure 11: Electrocardiogram abnormalities encountered in some patients with acute myocarditis/myopericarditis. (a) ST‑segment elevation with PR segment depression, (b) 
Pronounced ST‑segment elevation with subtle PR segment depression, (c) Spodick’s sign, down sloping TP segment, seen in some patients with acute myopericarditis

a

b

c

Figure 12: A comparison of the elevated ST‑segment in acute myocarditis/
myopericarditis and ST‑segment elevation myocardial infarction (STEMI). Note 

the concave morphology of the elevated ST segment in myocarditis as compared 
to STEMI with the convex and obliquely straight morphologies of ST‑segment 

elevation. In addition, note the PR segment depression in myopericarditis. 
STEMI: ST‑segment elevation myocardial infarction
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the contralateral leads.[36,37] Smith proposed and validated 
a decision rule which holds that when the ratio of the 
T wave to the negative component of the QRS complex 
amplitude is >0.36, STEMI is more likely.[38] The use of 
this ratio as the sole discriminator is not encouraged 
yet, based on this relationship, a smaller amplitude T 
wave, accompanied by a large negative QRS complex, 
is most often seen in LV aneurysm as compared to 
STEMI. Reciprocal ST‑segment depression is not usually 
encountered; dynamic ECG changes usually do not occur 
over relatively short periods of time.[9] A comparison of 
ST‑segment elevation between LVA and STEMI is noted 
in Figure 14.

While not diagnostic of an LVA‑related ST‑segment 
elevation, the presence of a LVA on point‑of‑care 
ultrasound is also helpful and suggestive of such 
an aneurysm being responsible for the ST‑segment 
deviation.[39]

Right Bundle Branch Block

Right bundle branch block (RBBB) is responsible for 5% 
of noninfarction ST‑segment elevation in ED chest pain 
patients.[2] Unlike LBBB, RBBB does not confound the 
electrocardiographic diagnosis of AMI. In RBBB, the QRS 
complex duration is prolonged, usually >0.12 s. The most 
obvious and distinctive electrocardiographic feature is a 
prominent R wave in lead V1. This R wave is broad and 
may assume any of several morphologies: monophasic R, 
biphasic RSR’, or qR formation. In lead V6, a wide RS wave 
is seen. In the inferior leads, QS complexes are observed. 
Significant ST‑segment–T‑wave changes are encountered 
in the patient with RBBB. In general, the correct and 
appropriate position of the ST‑segment–T‑wave complex 
is dictated by the major, terminal portion of the QRS 
complex. Using this concept, the ST‑segment–T‑wave 
complex is located on the opposite side of the isoelectric 
baseline from the major, terminal portion of the QRS 

chest pain. Persistent ST‑segment elevation after an 
AMI is thought to be related to the formation of a LVA. 
LVA is a late complication has long been defined as an 
area of systolic dyskinesia with paradoxical bulging 
related to localized area of infarcted myocardium.[33] 
The pathophysiological basis of the aneurysm leading 
to persistent elevation has been questioned as of late, 
and it has been suggested that the persistent ST‑segment 
elevation after anterior wall myocardial infarction 
is related to transmural necrosis with persistent 
microvascular damage rather than the aneurysmal 
dilation leading directly to electrical conduction 
changes of the myocardium.[34] The incidence of LVA 
has decreased in recent years, thought to be a result of 
the early identification and reperfusion treatment of 
coronary occlusion in STEMI.[34] Of the patients with 
a persistent ST‑segment elevation after PCI, 30% of 
patients will have an LVA.[35]

The elevated ST‑segment [Figure 13] resulting from a LVA 
varies considerably, ranging from minimal (<1.0 mm) to 
maximal elevation  (up to 5.0  mm). The morphology 
can assume all three contour types, including concave, 
convex, and obliquely straight. Of course, the distribution 
of the ST‑segment changes is dependent on the 
aneurysm’s anatomic location.

The electrocardiographic diagnosis of ST‑segment 
elevation from a LVA can be difficult. If a prior ECG 
is available for review and demonstrates persistent 
ST‑segment elevation, this comparison can greatly aid 
the diagnosis of LVA. If previous ECGs are not available, 
several electrocardiographic features exist that can aid 
in the distinction of LVA from STEMI. The ST‑segment 
elevation of a ventricular aneurysm is most always 
associated with mature, fully developed Q‑waves in 
the same. The thinning of the myocardium in the left 
ventricle after an evolved infarctions leads to Q‑waves 
in the same distribution as the ST elevation. The ST 
elevations found with an aneurysm are often found in the 
precordial leads and the ST depressions are not found in 

Figure 13: ST‑segment elevation seen in the patient with left ventricular 
aneurysm (LVA). The ST‑segment elevation ranges from minimal to maximal 

regarding magnitude of the elevation, as seen in these examples with progressively 
larger magnitude ST‑segment elevation in (a‑c). Also note the presence of large 
Q waves and small amplitude T waves in all three examples. The “ratio” of the 

amplitudes of the T wave relative to the negative component of the QRS complex is 
usually very low in the LVA patient

a b c

Figure 14: A comparison of the elevated ST segment in left ventricular 
aneurysm (LVA) and ST‑segment elevation myocardial infarction (STEMI). The ST 
segment can be elevated minimally or maximally in the LVA pattern; in addition, a 

large Q wave is usually present in LVA, accompanied by a small amplitude T wave, 
which can be either upright or inverted. STEMI: ST‑segment elevation myocardial 

infarction
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complex. As such leads with a positive or predominantly 
positive QRS complex would display ST-segment 
depression and T-wave inversion that are discordant 
or opposite the isoelectric line. Conversely, a primarily 
negative or entirely negative QRS complex would be 
associated with ST‑segment elevation and prominent, 
upright T wave–discordant ST‑segment elevation. The 
ECG features of RBBB are noted in Figure 15a.

Brugada Syndrome

Brugada syndrome is a constellation of ECG findings 
coupled with an association for sudden cardiac death. It 
is an inherited entity, seen in patients of all ages, with a 
peak age of presentation between 38 and 48 years with an 
average of 41 years.[40] The Brugada syndrome is a genetic 
entity with an autosomal dominant pattern of inheritance 
with variable penetrance.[41] Patients can present to the ED 
in one of three scenarios: After resuscitation from sudden 
cardiac death with subsequent ECG demonstrating 
the Brugada pattern; after an episode of syncope or 
palpitations with the Brugada pattern noted on the 
ECG; and incidentally without symptoms of malignant 
dysrhythmia and the pattern noted on the ECG. The 
Brugada pattern is to be differentiated from Brugada 
syndrome. The Brugada pattern is the ECG presentation 
with the patient in sinus rhythm while Brugada syndrome 
involves the occurrence of malignant dysrhythmia.

The electrocardiographic presentation of the Brugada 
pattern can easily be misinterpreted as a STEMI with 
the presence of ST‑segment elevations in right precordial 
leads; in fact, the ST‑segment elevation has been described 
as a STEMI mimic.[42,43] The electrocardiographic features 

of the Brugada pattern stem from a different etiology 
then the ST‑segment elevation seen in STEMI and caused 
by acute coronary occlusion. The most frequent ECG 
findings in the Brugada pattern include incomplete 
(or complete) RBBB and ST‑segment elevation in leads 
V1 and V2. These ECG abnormalities are caused by 
myocardial sodium channel dysfunction. Brugada 
syndrome has a 70% predominance of males.[44]

There are three subtypes of Brugada pattern, based 
on the configuration of the elevated ST segment 
in leads V1 and V2  [Figure  15b]; all three subtypes 
include RBBB, either incomplete or complete. The 
type  1 morphology  [Figure  15b, first example], the 
more ominous pattern, involves a coved or convex 
form of ST‑segment elevation in leads V1 and/or V2. 
Type 1 is the only ECG abnormality that is potentially 
diagnostic of the syndrome; this form of ST‑segment 
abnormality is referred to as the Brugada sign. Types 2 
[Figure 15b second example] and 3 are described as the 
saddle‑type morphology of the ST‑segment elevation; 
these two subtypes are suggestive findings yet require 
additional investigation to confirm the diagnosis. All 
three subtypes involve ST‑segment elevation in leads 
V1 and V2 and can be confused with STEMI.

Other Noninfarction Causes of ST‑segment 
Abnormalities

Multiple other ECG presentations demonstrate 
ST‑segment  e levat ion and other  s ignif icant 
electrocardiographic abnormalities, which can suggest 
STEMI to the unwary emergency clinician. Premature 
ventricular complexes will demonstrate ST‑segment 

Figure 15: Other cause of nonacute coronary syndrome ST‑segment elevation. (a) Right bundle branch block, (b) Brugada syndrome, (c) Premature ventricular 
contractions (depolarizations), (d) Osborne J Waves of hypothermia, (e) Hypertrophic cardiomyopathy, (f) Sinoventricular rhythm of hyperkalemia

a

b

c

d

e

f
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and T‑wave abnormalities  [Figure 15c]. Hypothermia 
presents with the classic triad of ECG abnormalities, 
including bradycardia, motion artifact (from shivering), 
and the Osborne (or J) wave [Figure 15d]. Hypertrophic 
cardiomyopathy presents electrocardiographically with 
large prominent R waves in leads V1 and V2, Q waves 
in lateral leads  (I, aVL, V5, and V6), and ST‑segment 
elevation in the right precordial leads  [Figure  15e]. 
Hyperkalemia, particularly in situations involving a 
widened QRS complex, can present with ST‑segment 
deviations [Figure 15f].
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