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ABSTRACT

Objectives. Pericarditis, takotsubo cardiomyopathy and early repolarization syndrome (ERS) are wellknown to mimic ST elevation myocardial infarction (STEMI). We aimed to study whether ECG findings
of reciprocal ST depression, PR depression, ST-segment convexity or terminal QRS distortion can discriminate between ST elevation due to ischemia and non-ischemic conditions. Design. Eighty-five
patients with STEMI and 94 patients with non-ischemic ST elevation were included. All patients had
acute chest pain and at least 0.1 mV ST elevation. Presence of PR depression, ST-segment convexity,
terminal QRS distortion or reciprocal ST depression was assessed in each ECG. Results. In anterior ST
elevation, ST depression in lead II (0.025 mV) occurred in 40% of patients with STEMI but in none of
the non-ischemic cases. In inferior ST elevation, ST depression in lead I (0.025 mV) was present in
83% of patients with STEMI but in none of the non-ischemic cases. Chest-lead PR depression was
uncommon in STEMI (12%) compared to non-ischemic cases (38%; p < .001). Convex ST elevation
occurred in 22% of STEMI cases and in 9% of non-ischemic cases (p ¼ .01). Terminal QRS distortion
was more prevalent in STEMI (40%) than in non-ischemic ST elevation (7%). In multivariable analysis,
reciprocal ST depression was associated with an ischemic diagnosis, whereas ST depression in aVR and
chest-lead PR depression were associated with a non-ischemic diagnosis. Conclusions. Identification of
true STEMI among patients with different ST-elevation etiology may be improved by considering reciprocal ST depression, ST depression in aVR and chest-lead PR depression.
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Introduction

Methods

In patients with acute chest pain, it is important to rapidly
identify ST elevation myocardial infarction (STEMI) cases in
order to restore the coronary circulation [1,2]. In general,
this is done by determining whether the ECG fulfills STEMI
criteria [1–3]. However, these criteria have limited diagnostic accuracy, with low sensitivity for acute coronary occlusion [4,5]. “STEMI mimics” such as pericarditis, takotsubo
cardiomyopathy, and early repolarization syndrome (ERS)
are common diagnoses in cases of erroneous catheterization
laboratory activation [6–9].
Previous studies have reported different strategies to differentiate STEMI from single specific non-ischemic conditions [8,10–14]. However, in clinical reality, the differential
diagnosis is not often restricted to two diagnoses.
We aimed to study whether reciprocal ST-segment
changes, PR depression, ST-segment convexity or electrocardiographic findings of terminal QRS distortion can discriminate STEMI from non-ischemic conditions in a group of
patients with different ST-elevation etiology.

This is a retrospective study in which patients were included
from previously published studies [15–17]. In this study,
patients with chest pain, ST elevation 0.1 mV in at least
one lead and QRS width <120 ms were included.
Ninety-five STEMI patients referred to acute primary percutaneous coronary intervention (PCI) were recruited from a
study on pre-hospital oxygen treatment in STEMI patients
[16], of whom 85 patients met inclusion criteria (above).
ECGs were recorded within 3 h from PCI (98% within 2 h).
In case several ECGs were obtained, the ECG closest in time
to PCI was included. Cardiovascular magnetic resonance
imaging (CMR) was performed 2–6 d after the primary PCI
on a Philips 1.5T Achieva or a Siemens 1.5T Avanto. T2weighted images (triple inversion recovery imaging or T2prepared steady-state free precession) were acquired in shortaxis view, from base to apex of the left ventricle, to depict
the myocardium at risk (MaR) [18]. Analysis of MaR was
performed using the freely available post-processing software
Segment version 1.9 R3084 (http://segment.heiberg.se) [19].
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We recruited 95 patients with non-ischemic ST elevation
and final diagnoses of perimyocarditis (n ¼ 38), takotsubo
cardiomyopathy (n ¼ 22) or ERS (n ¼ 35), of whom 94
patients met the inclusion criteria. The patients with perimyocarditis or takotsubo cardiomyopathy were recruited
from a study where patients with these diagnoses had
undergone diagnostic CMR. All patients with takotsubo cardiomyopathy also underwent acute coronary angiography
without significant coronary stenoses and had imaging evidence of transient ventricular dysfunction with recovery at
follow-up CMR or echocardiography [15].
The 35 patients with ERS were included from the
Evaluation of Unknown Predictors of Electrocardiographic
Changes – a Transnational study (EXPECT) database [17].
These patients were identified by evaluating all ECGs for
ERS criteria in the database between October and December
2014 with at least 0.1 mV of ST elevation in any lead (except
aVR), a negative troponin test, and no cardiac diagnosis at
discharge (myocardial infarction, unstable angina, perimyocarditis). The ERS criteria used were QRS duration <120 ms
and an end-QRS slur or notch on the downslope of a prominent R wave, at least 0.1 mV from baseline to nadir of the
notch or slur in two contiguous leads [20].
The ST-J amplitude was defined as the amplitude at the J
point, relative to the PR junction in all 12 leads.
Pathological Q waves were defined as a) any Q wave in
leads V2–V3  0.02 s, or b) QS complex in leads V2–V3, c)
Q waves 0.03 s and 0.1 mV deep, or QS complex in any
two anatomically contiguous leads of I, II, III, aVL, aVF or
V4–V6, or d) an R wave 0.04 s in V1–V2 and R/S  1
with a concordant positive T wave in absence of a conduction defect [3]. The presence of an S wave was defined as
any deflection, following an R wave, below the PR junction.
J waves were defined as either QRS slurring or notching.
QRS slurring was defined as a slowed inscription of the end
of the QRS of a prominent R wave, initiated at least 0.1 mV
above the baseline. QRS notching was defined as a positive
deflection (entirely above the baseline) on the end of the
downslope of a prominent R wave, at least 0.1 mV to nadir
from the baseline [20].
PR-segment depression was defined as depression of
0.05 mV compared to the TP segment, measured adjacent
to QRS onset [12,13].
For analysis of terminal QRS distortion, all QRS complexes were designated to either a qR morphology (including qRs and qRS), Rs morphology (R-wave amplitude >
S-wave amplitude, including Rs, Rsr, RsR and R), or other
(QS and rS). All ECGs without pathological Q waves were
then analyzed for fulfillment of terminal QRS distortion criteria. Terminal QRS distortion was considered present in
leads with an initial R wave if the S wave and J wave were
absent [11], and in leads with qR configuration if the
J-point elevation exceeded 50% of the R-wave amplitude
[21–23]. In this analysis, the inverted version of aVR
(aVR) was used instead of aVR.
Reciprocal ST depression was studied at two different
cut-offs (0.025 and 0.05 mV). The cut-off of 0.025 mV has
been used in previous studies on reciprocal ST-segment
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changes [10]. A cut-off of 0.05 mV was also studied, in
order to explore whether this cut-off would change diagnostic accuracy, for example by improving specificity. Patients
with inferior ST elevation were analyzed regarding presence
of reciprocal ST depression in aVL and I, V2 and V3.
Patients with anterior ST elevation (V2–V4) were analyzed
regarding presence of reciprocal ST depression in inferior
leads (II, III and aVF). Further, patients with anterior ST
elevation were analyzed regarding ST-segment changes in
aVR, at the same two different cut-offs as above (0.025 and
0.05 mV), regarding both ST elevation and ST depression.
In this study, we included anonymized data from previous studies [15–17] approved by the regional ethical review
board. No additional personal data was registered for
this study.
Besides ST-J amplitudes, which were retrieved from the
previous studies, ECG interpretation regarding PR depression, ST-segment convexity, J waves and terminal QRS distortion was performed independently by three observers
(TL, DM and IN) who were blinded to the clinical diagnosis. DM and IN were also blinded to the study design, and
interpreted half of the ECGs each. In case of disagreement
between TL and DM/IN, a decision was reached
by consensus.
Continuous variables are presented as mean ± standard
deviation or median and inter-quartile range as appropriate.
The Shapiro–Wilk test was used to test for normality.
Student’s t-test or Mann–Whitney U test was used for comparisons of means or medians between groups for normally
or non-normally distributed variables, respectively. v2 test
was performed to compare proportions of prevalence of terminal QRS distortion, reciprocal ST-segment changes, PR
depression and ST-segment convexity between groups. Odds
ratios for the prediction of STEMI were calculated using a
univariate binary logistic regression model. Variables with a
p value <.05 at univariate analysis were entered into a multivariable model. Fleiss Kappa test was used to determine
the level of inter-observer agreement. Sensitivity was calculated as true positives/number of patients with the condition
tested for, specificity as true negatives/number of patients
without the condition tested for, positive likelihood ratio
(LRþ) as sensitivity/(1 – specificity) and negative likelihood
ratio (LR-) as 1 – sensitivity/specificity. Statistical analysis
was performed using SPSS Statistics version 25 (SPSS Inc.,
IBM Corporation, Somers, NY). A p value of <.05 was considered statistically significant.

Results
Baseline characteristics of patients and general ECG variables are presented in Table 1. The prevalence of the various
ECG findings in patients with STEMI and non-ischemic ST
elevation are presented in Tables 2 and 3. Diagnostic accuracy (sensitivity, specificity and likelihood ratios) is summarized in Tables 4 and 5. A convex ST-segment was present in
only 22% of STEMI patients but was still more common
than in non-ischemic patients (9%; p ¼.01). PR depression
occurred in 45% of non-ischemic cases (55% of pericarditis,
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Table 1. Baseline characteristics.
STEMI patients (n ¼ 85)

Non-ischemic patients (n ¼ 94)

Pericarditis (n ¼ 38)

Takotsubo (n ¼ 21)

ERS (n ¼ 35)

65 (13)
34
31 (11)

46 (18)
33
–

38 (16)
18
–

68 (10)
100
–

42 (14)
9
–

71 (60–87)
22 (26)
0.33 (0.22)
43 (51)
III (39)

73 (64–85)
8 (9)
0.18 (0.08)
74 (79)
V2 (39)

76 (69–96)
4 (19)
0.17 (0.07)
17 (81)
V3 (33)

65 (58–73)
3 (9)
0.17 (0.08)
35 (100)
V2 (66)

40 (47)

28 (30)

80 (67–90)
1 (3)
0.20 (0.09)
22 (58)
V2 (24)
V3 (24)
23 (61)

3 (14)

2 (6)

Age, years, mean (SD)
Sex, % women
MaR, mean % (SD)
ECG variables
HR, bpm (median (IQR))
Pathological Q waves, n (%)
Max STE (mV), mean (SD)
STE in V2–V4, n (%)
Max STE typical lead (%)
STE in II/aVF/III, n (%)

ERS: early repolarization syndrome; SD: standard deviation; MaR: myocardium at risk; bpm: beats per minute; IQR: inter-quartile range; HR: heart rate; STE:
ST elevation.
Table 2. Prevalence of ECG findings in patients with different ST-elevation etiology.
ECG finding
All patients
Convex STE, n (%)
J waves, n (%)
J waves in leads with STE, n (%)
PR depression any lead, n (%)
PR depression limb leads, n (%)
PR depression chest leads, n (%)
Patients without pathological Q waves
Absent S and J in V2/V3, n (%)
TQRSD, n (%)

STEMI
patients
N ¼ 85
19 (22)
23 (27)
22 (26)
26 (31)
25 (29)
10 (12)
N ¼ 63
5 (8)
25 (40)

Non-ischemic
patients
N ¼ 94
8 (9)
59 (63)
53 (56)
42 (45)
40 (43)
36 (38)
N ¼ 86
2 (2)
6 (7)

Sensitivity
p Value
.01
<.001
<.001
.06
.09
<.001
–
.13
<.001

STE: ST elevation; TQRSD: terminal QRS distortion.
Table 3. Reciprocal ST-segment changes in patients with anterior or inferior
ST elevation.

Anterior STE; STE V2–V4
STD in aVR
0.025 mV, n (%)
0.05 mV, n (%)
STE in aVR
0.025 mV, n (%)
0.05 mV, n (%)
STD in II
0.25 mV, n (%)
0.05 mV, n (%)
STD in aVF
0.25 mV, n (%)
0.05 mV, n (%)
STD in III
0.25 mV, n (%)
0.05 mV, n (%)
Inferior STE; STE in II, aVF, III
STD in aVL
0.25 mV, n (%)
0.05 mV, n (%)
STD in I
0.25 mV, n (%)
0.05 mV, n (%)
STD in V2
0.25 mV, n (%)
0.05 mV, n (%)
STD in V3
0.25 mV, n (%)
0.05 mV, n (%)

STEMI
patients

Non-ischemic
patients

N ¼ 43

N ¼ 74

13 (30)
5 (12)

59 (80)
36 (49)

Table 4. ECG findings to be used to detect patients with STEMI: Sensitivity,
specificity and likelihood ratio for an ischemic etiology.
Any STEMI
Convex STE
TQRSD
Anterior STEMI
Convex STE
STD in lead IIa
TQRSD
Inferior STEMI
Convex STE
STD in lead Ia
TQRSD

Specificity

LRþ/LR

22 (14–33)
40 (28–53)

91 (84–96)
93 (85–97)

2.6/0.9
5.7/0.7

14 (4–32)
40 (25–56)
21 (8–41)

93 (83–98)
100 (95–100)
96 (87–99)

1.9/0.9
b/0.6
4.8/0.8

26 (12–43)
83 (67–93)
61 (42–78)

90 (76–97)
100 (88–100)
81 (61–93)

2.5/0.8
b/0.2
3/0.5

A true positive test is defined as presence of the ECG finding AND a STEMI
diagnosis, a true negative result is defined as absence of the ECG finding AND
a non-ischemic diagnosis.
STE: ST elevation; TQRSD: terminal QRS distortion; STD: ST depression; LRþ:
positive
likelihood ratio; LR: negative likelihood ratio.
a
0.025 mV.

bLR þ cannot

be calculated since specificity is 100 %.

p Value
<.001
<.001

11 (26)
7 (16)

0 (0)
0 (0)

<.001
<.001

17 (40)
9 (21)

0 (0)
0 (0)

<.001
<.001

15 (35)
11 (26)

6 (8)
0 (0)

<.001
<.001

20 (47)
9 (21)
n ¼ 40

12 (16)
4 (5)
(n ¼ 28)

.001
.01
–

40 (100)
40 (100)

6 (21)
3 (11)

<.001
<.001

33 (83)
30 (75)

0 (0)
0 (0)

<.001
<.001

34 (85)
32 (80)

2 (7)
1 (4)

<.001
<.001

25 (63)
23 (58)

0 (0)
0 (0)

<.001
<.001

Max: maximal; STE: ST elevation; STD: ST depression.

62% of Takotsubo cardiomyopathy and 23% of ERS
patients) and in 31% of STEMI cases (p ¼.06). PR depression in the chest leads was more common in non-ischemic
conditions (58%) than in STEMI (12%; p < .001). J waves

Table 5. ECG findings to be used to detect non-ischemic patients: Sensitivity,
specificity and likelihood ratio for a non-ischemic etiology.
ECG finding

Sensitivity

Non-ischemic etiology and any STE pattern
Chest lead PR depression
38 (28–49)
80 (69–88)
STD in aVRa
Non-ischemic etiology and anterior STE
Chest lead PR depression
38 (27–50)
80 (69–88)
STD in aVRa
Non-ischemic etiology and inferior STE
Chest lead PR depression
46 (30–63)
77 (61–89)
STD in aVRa

Specificity

LRþ/LR

88 (79–94)
70 (54–83)

3.2/0.7
2.6/0.3

86 (72–95)
70 (54–83)

2.7/0.7
2.6/0.3

83 (66–93)
66 (48–81)

2.7/0.7
2.2/0.4

A true positive test is defined as presence of the ECG finding AND a nonischemic diagnosis, a true negative result is defined as absence of the ECG
finding AND a STEMI diagnosis.
STE: ST elevation; TQRSD: terminal QRS distortion; STD: ST depression; LRþ:
positive likelihood ratio; LR: negative likelihood ratio.
a
0.025 mV.

occurred in 63% of non-ischemic conditions (47% of pericarditis, 29% of Takotsubo and 100% of ERS patients) compared to 27% of STEMI cases (p < .001).
In patients without pathological Q waves, both the S and J
waves were absent in either V2 or V3 in only five patients
with STEMI and two patients with non-ischemic ST elevation
(p ¼.13). Terminal QRS distortion was more common in
STEMI than non-ischemic conditions (40% vs. 7%, p < .001).
There was no difference in MaR in STEMI patients positive
(MaR 29% of the left ventricle (LV)) versus negative (32% of
the LV) for terminal QRS distortion (p ¼.23).
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Reciprocal ST depression was more common in patients
with STEMI compared to patients with non-ischemic ST
elevation (Table 3). In patients with anterior ST elevation,
ST depression 0.025 mV in lead II occurred in 40% of
STEMI patients, but in none of the non-ischemic cases
(p < .001). In patients with inferior ST elevation, ST depression 0.025 mV in lead I occurred in 83% of STEMI
patients, but in none of the non-ischemic cases (p < .001).
For the majority of the leads studied, when a cut-off of
0.05 mV was used, reciprocal ST depression was less frequent in STEMI patients than when 0.025 mV was used
(Table 3), and this resulted in a decreased sensitivity with
only minor differences in specificity. For example, reciprocal
ST depression in lead II (anterior ST elevation) occurred in
21% of STEMI patients when a cut-off of 0.05 mV used, but
in 40% when 0.025 mV was used. Reciprocal ST depression
in lead II was absent in all non-ischemic patients using
either 0.025 or 0.05 mV as cut-off (Table 3).
In patients with anterior ST elevation, ST depression
0.025 mV in aVR was present in 80% of non-ischemic and
in 30% of STEMI patients (p < .001). ST elevation in aVR,
on the other hand, was present in 18% of STEMI patients
(regardless of the location of ST-elevation), but in none of
the non-ischemic patients (p < .001).
Results of the univariate and multivariable analysis of
predictors of STEMI (vs. non-ischemic ST-elevation etiology) are presented in Table 6. At multivariable analysis
adjusting for age and sex, reciprocal ST depression was the
strongest independent predictor of ischemic ST elevation
etiology (OR 9.9 (3.5–28.1), whereas chest-lead PR depression (OR 0.2 (0.05–0.5)) and ST depression in aVR (OR 0.2
(0.06–0.5)) were associated with a non-ischemic etiology.
Interobserver agreement was highest for the evaluation of
absent S and J waves in leads with Rs (or R) configuration,
with a j of 0.96 (0.821.0). For the combined assessment of
terminal QRS distortion, j was 0.75 (0.59–0.90). The j for
PR depression was 0.80 (0.66–0.95), for J waves 0.78
(0.63–0.94) and for J-wave type (notch or slur) 0.73
(0.48–0.97). Interobserver agreement was lowest for STsegment convexity (j 0.68 (0.54–0.83)).

Discussion
In this study, we analyzed ECG findings other than STelevation amplitudes for differentiating STEMI from nonischemic ST-elevation etiology (Figures 1 and 2), even in a
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heterogenous group of non-ischemic etiology. Reciprocal ST
depression was more common in patients with STEMI than
non-ischemic ST elevation and independently predicted an
ischemic etiology. PR depression occurred in both STEMI
and non-ischemic ST elevation, but PR depression in the
chest leads was uncommon in patients with STEMI.
Terminal QRS distortion and convex ST elevation were
more common in STEMI than non-ischemic ST elevation,
but convex ST elevation occurred only in a minority of
STEMI patients.
Correct ECG interpretation is essential for the management of patients with acute coronary syndrome, since treatment delay is associated with increased mortality [24]. At
the same time, it is important to avoid unnecessary coronary angiographies. False activation of the catherization
laboratory is not uncommon and the non-ischemic diagnoses included in this study are common in these situations
[9,25]. Of note, acute coronary angiography is often
included in the evaluation of patients with takotsubo cardiomyopathy because of elevated cardiac biomarkers and its
STEMI-like ECG appearance [26,27]. Besides ECG artifacts,
perimyocarditis and ERS were the most common causes of
false-positive software interpretations of STEMI in a prehospital study with >40.000 patients [28].
In this study, ST depression in both aVL and I was more
common in inferior STEMI than in inferior non-ischemic
ST elevation. Similarly, ST depression in lead II was more
common in anterior STEMI than in anterior non-ischemic
ST elevation. Reciprocal ST depression was the strongest
independent predictor of STEMI (Figure 2).
In patients with suspected acute myocardial infarction,
reciprocal changes in the ECG are important both for localizing the occlusion site and for assessment of infarct size
and prognosis [29–31], and also for differentiating STEMI
from non-ischemic conditions. For example, it has been
suggested that reciprocal ST depression in aVL in patients
with inferior ST elevation can be used to discriminate
between pericarditis and inferior STEMI [10]; and to discriminate STEMI from takotsubo cardiomyopathy [8].
Furthermore, in this study, ST depression in aVR was
common in patients with non-ischemic ST elevation, but
uncommon in patients with anterior STEMI. ST deviation
in aVR has been suggested as an important discriminator
between Takotsubo cardiomyopathy and anterior STEMI
[8,32]. Although ST depression in aVR is more common in
patients with Takotsubo cardiomyopathy than in STEMI

Table 6. Univariate and multivariable predictors of ischemic STE.

PR depression limb leads
PR depression chest leads
Reciprocal STDa
Convex STE
TQRSD
STD in aVRb

Model 1
Unadjusted
OR (CI 95)
0.6 (0.3–1.0)
0.2 (0.1–0.5)
12.5 (6.2–25.6)
3.0 (1.2–7.3)
6.7 (2.6–17.3)
0.2 (0.09–0.04)

p Value
.069
<.001
<.001
.017
<.001
<.001

Model 2
PR depression in chest leads,
reciprocal STD, convex STE,
TQRSD, STD in aVR
–
0.2 (0.1–0.4)
8.7 (3.8–19.9)
2.8 (0.9–8.6)
4.6 (1.4–15.5)
0.2 (0.08–0.5)

Model 3
PR depression in chest leads,
reciprocal STD, convex STE,
TQRSD, STD, in aVR, age, sex
–
0.2 (0.05–0.5)
9.9 (3.5–28.1)
2.2 (0.5–9.2)
3.9 (0.9–17.0)
0.2 (0.06–0.5)

Reciprocal STD is defined as presence of either STD  0.025 mV in lead II in patients with anterior STE or STD  0.025 mV in lead I in patients with inferior
STE.TQRSD, Terminal QRS distortion.
b
0.025 mV.
a
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Figure 1. ECGs (25 mm/s) from four patients with different ST elevation etiologies. (A) Patient with STEMI. ECG shows PR depression 0.05 mV in the limb leads,
but not in the chest leads, and slight ST elevation in aVR. (B–D) Non-ischemic patients with ST elevation (B: perimyocarditis; C: takotsubo cardiomyopathy; D: ERS).
Both (B) and (C) show PR depression in both limb leads and chest leads, in (D) minor PR depression is present in the limb leads, and PR depression 0.05 mV in lateral chest leads. All non-ischemic patients show some degree of ST depression in aVR.

patients, concerns have been raised that such ECG findings
are not accurate enough to safely exclude STEMI [33,34].
In this study, PR depression in limb leads occurred in
both non-ischemic ST elevation and STEMI but PR depression in chest leads was uncommon in STEMI (Table 2;
Figure 1). In previous papers, PR depression has been
described to occur in both pericarditis and Takotsubo cardiomyopathy [12,13]. In this study, PR depression was most
common in Takotsubo patients (62%). Porela et al. [13]
compared electrocardiographic features in STEMI and acute
perimyocarditis and also found chest-lead PR depression to
be rare in STEMI patients (9%). In their study, PR depression in any lead in perimyocarditis was more prevalent
(88%) than in our study (55%), even though the same electrocardiographic definition was used, perhaps due to
(unknown) differences in disease duration. The PR depression is dynamic during the disease process and has been
described to occur both earlier than ST elevation and have a
shorter duration [35]. Of note, PR depression in STEMI
patients can be a sign of atrial infarction, most often seen in
patients with occlusion of the right or the left circumflex
coronary artery and is associated with an increased risk of
supraventricular arrhythmias [36]. Prominent PR depression
(0.12 mV) in inferior leads in patients with acute inferior
STEMI has been described to be associated with an
increased risk of cardiac free-wall rupture and increased inhospital mortality [37].
Terminal QRS distortion was more prevalent in STEMI
patients than in non-ischemic patients (Figure 2) in this
study. ST changes during ischemia reflect altered repolarization due to changes in the action potentials in the ischemic
myocardium [38]. Depolarization changes are also present
[39], albeit often less evident and seldom used in in the routine diagnostic process. Terminal QRS distortion has been

Figure 2. ECGs (25 mm/s) from two STEMI patients. (A) ECG shows concave ST
elevation in V1 – V4 and ST depression in aVL, I and II. ST elevation is present
in aVR. PR depression is absent in both limb leads and chest leads. Terminal
QRS distortion is present in leads V2 and V3 (absent S and J wave in leads with
ST elevation (Rs configuration)). (B) ECG shows concave ST elevation in inferior
leads (II, aVF, III) with reciprocal ST depression in leads aVL and I, as well as precordial leads. PR depression is absent in both limb leads and chest leads.
Terminal QRS distortion is present in aVF and III (ST elevation 50% of Rwave amplitude).

shown to predict poor prognosis [21–23]. Absence of S
waves in leads V1–V3, which normally have a terminal S
wave, indicates severe ischemia [21]. However, S waves can
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be absent in these leads also in ERS. Lee et al. [11] showed
that absence of both S and J wave in V2–V3 was highly specific for LAD occlusion when compared to patients with
ERS. To determine the presence of an S wave requires very
little effort and might thus be a clinically useful sign of
ischemia. However, such findings in leads V2 or V3 were
rare in our material (8% of STEMI patients, 2% of nonischemic ST elevation). In this study, we combined “the Lee
criterion” with the classical definition of terminal QRS distortion criteria in leads with qR configuration, but applied it
to any lead with an initial R wave, not only V2–V3.
Although more prevalent in STEMI than in non-ischemic
ST elevation (40 vs. 7%), terminal QRS distortion was not a
statistically significant predictor at multivariable analysis
(OR 2.7 (0.7–11.1)), Table 6), perhaps due to the limited
number of patients.
Although ST-segment convexity was more common in
STEMI compared to non-ischemic conditions, it occurred in
less than 1=4 of STEMI patients. Previously, it has been suggested that STEMI is less likely in patients with concave ST
elevation [40]. This was dismissed by Smith et al., who
reported that upwardly concave morphology was more common than convex morphology in patients with LAD occlusion [41], which our study confirms.
This study confirms several previous observations on
ECG findings that can be used to identify true STEMI.
However, in contrast to previous studies which have compared findings in STEMI with those with ST elevation of a
specific non-ischemic etiology, this study supports the use
of selected criteria in situations with multiple non-ischemic
differential diagnoses. In patients with ST elevation of
unknown etiology, reciprocal ST depression increases the
likelihood of an ischemic etiology, whereas presence of
chest-lead PR depression and ST depression in aVR instead
suggests a non-ischemic etiology. Although inferior ST
depression seems to be specific for anterior STEMI, it lacks
in sensitivity, and hence a STEMI diagnosis cannot be ruled
out. In inferior ST elevation, on the other hand, ST depression in lead I, is highly sensitive and specific for STEMI,
also expressed as a lower negative likelihood ratio than for
reciprocal ST depression in anterior ST elevation. (0.2 vs.
0.6, Table 5). Similarly, chest-lead PR depression seems to
be specific for a non-ischemic diagnosis but lacks in sensitivity, whereas ST depression in aVR is highly sensitive for a
non-ischemic diagnosis in anterior ST elevation but lacks in
specificity. Thus, accurately differentiating STEMI from ST
elevation of non-ischemic etiology requires a holistic ECG
approach. Also, it should be taken into consideration when
applying these ECG criteria that the consequences of delaying revascularization of a true STEMI may be far worse
than performing an unnecessary coronary angiography.
A limitation to this study was that patients were included
from different studies and not consecutively from the
same setting. For example, STEMI patients were triaged for
primary PCI whereas most of the non-ischemic patients
were not. Nonetheless, all patients had acute chest pain
and at least 0.1 mV ST elevation, which makes STEMI a
relevant differential diagnosis in all these patients.
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Electrocardiographic changes during an ischemic process are
dynamic. Comparisons of electrocardiographic changes,
such as terminal QRS distortion, and CMR to assess myocardium at risk are therefore difficult. For example, in case
of a spontaneous opening of a previously occluded artery,
electrocardiographic changes will subside whereas MaR by
CMR will remain the same.
Different ERS patterns exist, for example with lateral or
inferior J waves and ST elevation [42]. Even though ERS
patients were randomly selected from an ED population, all
ERS patients had ST elevation in V2–V4 and the typical
lead for maximal ST elevation was V2 (66%). The results in
this study regarding ERS may, therefore, not be applicable
to patients with other ST elevation patterns.
Several other ECG criteria have been suggested to be
included in the differential diagnosis of ST elevation, such
as the QT interval and QRS amplitudes [43], but these were
not assessed in this paper.
Blinded interpretation of ECG parameters was made only
regarding terminal QRS distortion, PR depression and STsegment convexity, not regarding ST-J amplitudes. Also,
although TL was blinded to the clinical diagnosis during
interpretation, he was not unfamiliar with the ECGs from
previous studies [15], and he identified the ERS patients in
the EXPECT database. However, the other two ECG interpreters were blinded to both study design and final diagnoses, and in most cases inter-rater agreement was strong,
suggesting that the impact on the results was minor.
Reciprocal ST depression was based on ST-J amplitudes
from the previous studies, most of them from automated
measurements.
In this study, a validation group for the ECG signs found
to be useful in the differentiation of ischemic and nonischemic ST-elevation was lacking, and the findings, therefore, need to be confirmed in larger studies.

Conclusion
Identification of true STEMI among patients with different
ST-elevation etiologies may be improved by considering different ECG changes in addition to the ST elevation; primarily reciprocal ST depression, ST depression in aVR and PR
depression in the chest leads.
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