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ORIGINAL ARTICLE

Low diagnostic yield of ST elevation myocardial infarction amplitude criteria in
chest pain patients at the emergency department

Thomas Lindowa,b , Henrik Engblomb,c, Olle Pahlmb, Marcus Carlssonb, Annmarie Touborg Lassend,
Mikkel Brabrandd,e, Jakob Lundager Forbergf, Pyotr G. Platonovg and Ulf Ekelundh

aDepartment of Clinical Physiology, Department of Research and Development, V€axj€o Central Hospital, V€axj€o, Sweden; bClinical Physiology,
Skåne University Hospital, Clinical Sciences, Lund University, Lund, Sweden; cClinical Physiology, Karolinska Institute, Stockholm, Sweden;
dDepartment of Emergency Medicine, Odense University Hospital, Odense, Denmark; eDepartment of Emergency Medicine, Hospital of
South West Jutland, Esbjerg, Denmark; fDepartment of Emergency Medicine, Helsingborg Hospital, Helsingborg, Sweden; gDepartment of
Cardiology, Clinical Sciences, Lund University, Lund, Sweden; hEmergency Medicine, Skåne University Hospital, Department of Clinical
Sciences, Lund University, Lund, Sweden

ABSTRACT
Objectives: To evaluate the diagnostic yield of the ECG criteria for ST-elevation myocardial infarction
in a large cohort of emergency department chest pain patients, and to determine whether extended
ECG criteria or reciprocal ST depression can improve accuracy. Design: Observational, register-based
diagnostic study on the accuracy of ECG criteria for ST-elevation myocardial infarction. Between Jan
2010 and Dec 2014 all patients aged �30 years with chest pain who had an ECG recorded within 4 h
at two emergency departments in Sweden were included. Exclusion criteria were: ECG with poor tech-
nical quality; QRS duration �120ms; ECG signs of left ventricular hypertrophy; or previous coronary
artery bypass surgery. Conventional and extended ECG criteria were applied to all patients. The main
outcome was acute myocardial infarction (AMI) and an occluded/near-occluded coronary artery at
angiography. Results: Finally, 19932 patients were included. Conventional ECG criteria for ST elevation
myocardial infarction were fulfilled in 502 patients, and extended criteria in 1249 patients. Sensitivity
for conventional ECG criteria in diagnosing AMI with coronary occlusion/near-occlusion was 17%, spe-
cificity 98% and positive predictive value 12%. Corresponding data for extended ECG criteria were
30%, 94% and 8%. When reciprocal ST depression was added to the criteria, the positive predictive
value rose to 24% for the conventional and 23% for the extended criteria. Conclusions: In unselected
chest pain patients at the emergency department, the diagnostic yield of both conventional and
extended ECG criteria for ST-elevation myocardial infarction is low. The PPV can be increased by also
considering reciprocal ST depression.

ARTICLE HISTORY
Received 20 April 2020
Revised 31 July 2020
Accepted 6 January 2021

KEYWORDS
STEMI criteria; ECG;
emergency department;
myocardial infarction; STEMI

Introduction

In patients with suspected ST elevation myocardial infarc-
tion (STEMI), i.e. acute myocardial infarction (AMI) due to
coronary occlusion, treatment decisions must often be made
before cardiac biomarkers are available. These decisions are
usually based on electrocardiographic (ECG) criteria for
STEMI, i.e. significant ST elevation in at least two anatomic-
ally contiguous leads [1].

The diagnostic accuracy of STEMI ECG criteria in the
prehospital setting has been described previously. An early
meta-analysis of the ECG criteria for STEMI in prehospital
chest pain patients showed a fairly high sensitivity of 68%
and an excellent specificity of 97% for detecting AMI [2 but
a modern study in the same setting reported lower diagnos-
tic accuracy [3].

STEMI incidence at the emergency department (ED) is
declining [4] at least partly due to an increased direct trans-
port of STEMI patients to the catherization laboratory,
bypassing the ED. In the ED, besides a declining presence
of STEMI patients, new high sensitivity troponins for diag-
nosing AMI and an overall increased number of coronary
angiographies [5] may affect the diagnostic yield of ECG
criteria in identifying STEMI patients. In general, data on
the diagnostic accuracy of STEMI criteria at the ED are
scarce [6], and no previous study has analyzed the accuracy
of STEMI criteria among chest pain patients at the ED set-
ting in Scandinavia.

In some small studies, sensitivity has been increased by
“extending” the ECG STEMI criteria to include leads –aVL,
–III, –aVR, –I, –V1, –V2 and –V3 [7,8].
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We aimed to evaluate the diagnostic accuracy of ECG
amplitude criteria for STEMI in a large cohort of unselected
ED chest pain patients, and to analyze the incremental value
of reciprocal ST depression and of extended ECG
STEMI criteria.

Methods

We performed a retrospective, observational register-based
diagnostic study in which all patients admitted to the emer-
gency departments at Skåne University Hospital in Lund
and Helsingborg General Hospital (total contingency popu-
lation >500000) between January 1, 2010 and December 31,
2014 who had an ECG recorded upon admission were eli-
gible for inclusion (the Swedish part of the EXPECT study
(Evaluation of Unknown Predictors of Electrocardiographic
Changes – a Transnational study) [9]. According to clinical
routine at both EDs, an ECG was recorded in all patients
who presented with chest pain at the ED. From this popula-
tion, we included all patients �30 years old with a chief
complaint of chest pain who had an ECG recorded
within 4 h.

We excluded patients with conduction abnormalities
(right or left bundle branch block or ventricular pacing)
based on QRS duration �120ms, and patients with ECG
signs of left ventricular hypertrophy (LVH) using the
Sokolow-Lyon criterion [10] (largest S-wave amplitude in
V1 or V2þ largest R-wave amplitude in V5 or
V6> 3.5mV), since STEMI criteria, are not fully applicable
in these cases according to the 4th Universal Definition of
MI [1]. We also excluded patients with previous coronary
artery bypass surgery (CABG) and cases with technically
deficient ECGs, defined as the words “unsuitable” or “error”
appearing in the computer-based interpretation statement
(Glasgow ECG analysis program/Marquette 12SL) for each
ECG, or when measurement data were non-biological (e.g.
QRS duration �60ms, heart rate <25 beats per minute, or
QTc <200ms or >700ms). A flow chart of patient inclu-
sion and exclusion is presented in Figure 1.

If several ECGs were recorded for a patient, the first
ECG was included in the analysis. Automated ECG meas-
urements were used for all analyses. The following STEMI
criteria were applied to all patients: ST elevation in at least
two contiguous leads of at least 0.1mV in all leads except
V2 – V3, and at least 0.25mV (males <40 years), 0.2mV
(males �40 years), or 0.15mV (females) in leads V2-V3 [1].
Extended STEMI criteria7,8 which include leads –V1 to –V3
and –aVL, –I, –aVR and –III (Figure 2) were also applied,
by which the following contiguous lead pairs were also con-
sidered for significant ST elevation (�0.1mV): –III/aVL, I/
–aVR, –aVR/II, III/–aVL, –aVL/–I, –I/aVR, and –V1/-V2,
-V2/-V3. For leads –V2 and –V3 the threshold was set at
0.05mV [8].

We also analyzed the additive diagnostic value of recipro-
cal ST depression, i.e. ST depression (�0.025mV) in leads
II, III or aVF in patients with anterior ST elevation (V2 –
V4), or in I, aVL, V2 or V3 in patients with inferior ST ele-
vation (II, aVF, III). A cut-off value of 0.025mV was

suggested in a previous paper [11] and is probably large
enough to be observed by “eye balling” the ECG.

Data were extracted from patient records, the regional
ECG and clinical chemistry databases, the Swedish phar-
macy register, and the Swedish population register. The
study database was cross-linked with the Swedish coronary
angiography and angioplasty register (SCAAR) [12], which
includes (practically) all patients who undergo coronary
angiography or percutaneous coronary intervention (PCI) in
Sweden, and is a part of the Swedish web-system for
enhancement and development of evidence-based care in
heart disease evaluated according to recommended therapies
(SWEDEHEART) register. During the study period, 1806
patients were sent to coronary angiography due to suspected
STEMI directly from the ambulances, from the EDs or from
the wards at the two hospitals. Since this study is based on
patient data from the ED, only patients who were first
admitted to the ED are included in the analysis and the
results of the angiographies performed for the remaining
patients are unknown.

In this register-based study, a reference standard for the
diagnosis of a “true STEMI” could not be reliably defined
by a single outcome. Fulfillment of STEMI criteria and a
diagnosis of AMI does not necessarily equal STEMI, since
patients may have ST elevation for reasons other than
STEMI, e.g. early repolarization etc, and have a non-ST

Figure 1. Flow chart of patient inclusion and exclusion. Patients were excluded
in a stepwise process.
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elevation myocardial infarction (NSTEMI) despite that amp-
litude criteria are met. Further, ICD codes do not distin-
guish between STEMI and NSTEMI [13]. Nor can an
occluded coronary artery at angiography define STEMI since
occlusion is often a dynamic event [14,15]. We therefore
chose to evaluate the accuracy of STEMI criteria for predict-
ing multiple outcomes. The main outcome was a discharge
diagnosis of AMI and coronary occlusion or near-occlusion
(stenosis �90%) at angiography. Secondary outcomes were
a) AMI and a coronary occlusion at angiography, b) AMI
and coronary stenosis �90% at angiography with acute
intervention (PCI ad hoc or CABG), c) AMI alone, and d)
major adverse cardiac events (MACE) within 30 days. A
MACE was defined as AMI, unstable angina, cardiogenic
shock, cardiac arrest, ventricular tachycardia/fibrillation, car-
diopulmonary resuscitation or death.

The present study was approved by the Regional Ethics
Review Board in Lund (Dnr 2015/129 and 2018/705) and is
reported according to the STARD guidelines for diagnostic
studies [16].

Continuous variables are presented as mean± standard
deviation or as medians and interquartile range, as appro-
priate. Student’s t-test was used for comparison of means
between groups and Mann-Whitney U-test was used for
comparison of medians. v2-test was used for comparison of
frequencies between groups. Logistic regression was used to
calculate the odds ratio (OR) for ECG criteria in predicting
patient outcomes, both unadjusted and adjusted for age, sex,
hypertension, hypercholesterolemia, diabetes, AMI, angina
pectoris, heart failure, peripheral artery disease, cerebrovas-
cular disease, chronic obstructive pulmonary disease, and
renal failure. No power analysis was performed prior to this

study. Statistical analysis was performed using SPSS
Statistics (Version 26; IBM Corporation, NY, USA).

Results

After exclusions, 19932 ED chest pain patients with an ECG
recorded were included in the final analysis (Figure 1).
Baseline characteristics are presented in Table 1. Median
time from arrival to the ED to ECG recording was 18min
(IQR 26min). Eighty-nine percent had an ECG recorded
within 1 h and 98% within 2 h. Clinical outcomes are sum-
marized in Table 2. The diagnostic accuracies of conven-
tional and extended STEMI criteria are described in Table
3. Results stratified by age and sex are presented in supple-
mental Tables A and B.

Among the 19932 patients, 502 (2.5%) fulfilled STEMI
criteria, of which 127 (24.9%) were diagnosed with AMI.
STEMI criteria were not fulfilled in 19430 patients (97.5%),
among which 1211 (6.2%) were diagnosed with AMI
(Table 2).

A larger proportion of those meeting STEMI criteria
underwent coronary angiography (29%) compared to those
not meeting STEMI criteria (11%; p< .01). At angiography,
an occluded or nearly occluded artery was more commonly
detected and intervened upon in patients with AMI who
met versus not met STEMI criteria (52% vs. 24%, ad hoc
PCI: 83% vs. 69%; p< .01).

Sensitivity and PPV for AMI and coronary occlusion/
near-occlusion were low (17% and 12%). Similar values
were found for patients who also underwent PCI/CABG
(Table 3). STEMI criteria fulfillment was associated with an
increased likelihood of AMI (OR 5.0 (4.0–6.2)), occluded

Figure 2. Explanation and basis of the extended STEMI criteria. Limb leads (to the left) and chest leads (to the right) presented in anatomical context.
Left image: The inverted version of lead III (–III) is contiguous and presented adjacently to aVL, the inverted version of aVL (–aVL) is contiguous to lead III, and the inverted version of lead
I (–I) is contiguous to both –aVL and aVR. The inverse of aVR (–aVR) is contiguous to lead I and lead II. In this purely illustrative example, significant ST elevation is present in only one of
the conventional leads (lead III), but in two contiguous leads when the extended STEMI criteria are applied (III and –aVL).
Right image: In the extended STEMI criteria, the inversion of leads V1, V2 and V3 (–V1, –V2, –V3) are also included in order to cover the lateral aspects of the left ventricle. ECG shows ST
depression in V1 – V3, which is equivalent to ST elevation in –V1, –V2 and –V3.
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Table 1. Patient characteristics.

All patients N¼ 19932 STEMI criteria met N¼ 502 STEMI criteria not met N¼ 19439

Female sex (n (%)) 9858 (50.5) 155 (30.9) 9919 (51.0)
Age, years (mean (SD)) 59.7 (15.5) 59.7 (16.2) 59.7 (15.4)
Medical history (n (%))
Hypertension 3477 (17.4) 76 (15.1) 3401 (17.5)
Hypercholesterolemia 1066 (5.3) 25 (5.0) 1041 (5.4)
Diabetes 1804 (9.1) 43 (8.6) 1761 (9.1)
Acute myocardial infarction 893 (4.5) 30 (6.0) 863 (4.4)
Angina pectoris 1859 (9.3) 59 (11.8) 1800 (9.3)
Heart failure 628 (3.2) 12 (2.4) 616 (3.2)
Peripheral artery disease 252 (1.3) 8 (1.6) 244 (1.3)
Stroke/TIA 681 (3.4) 16 (3.2) 665 (3.4)
COPD 732 (3.7) 18 (3.6) 714 (3.7)
Renal failure 276 (1.4) 4 (0.8) 272 (1.4)

Medications (n (%))
Anti-platelet drugs 3608 (18.1) 101 (20.1) 3507 (18.8)
Lipid-lowering medications 3747 (18.8) 104 (20.8) 3646 (18.8)
Diuretics 2431 (12.5) 58 (11.6) 2489 (12.5)
ACE/ARB-inhibitors 3841 (19.3) 92 (18.3) 3749 (19.3)
Betablockers 3763 (18.9) 85 (16.9) 3678 (18.9)
Calcium channel blockers 2013 (10.4) 52 (10.4) 2065 (10.4)

Abbreviations: STEMI: ST elevation myocardial infarction; ACE: angiotensin converting enzyme; ARB; angiotensin II receptor blocker; TIA: transitory
ischemic attack; COPD: chronic obstructive pulmonary disease.

Table 2. Outcomes for patients meeting and not meeting STEMI criteria.

All patients (n¼ 19932) STEMI criteria met n¼ 502 STEMI criteria not met n¼ 19439 p

Admitted to hospital 7620 (38.2) 290 (57.8) 7330 (37.8) <.001
Length of stay, days (median (IQR)) 2 (2–4) 4 (2–5) 2 (2–4) <.001
Coronary angiography performeda 2202 (11.0) 146 (29.1) 2056 (10.6) <.001
Same-day angiography 1333 (60.5) 129 (88.4) 1204 (59) <.001
Acute myocardial infarctiona 1336 (6.7) 127 (24.9) 1211 (6.2) <.001
Coronary occlusion/near occlusion 351 (26.2) 60 (52.2) 291 (24.0) <.001
Coronary occlusion 198 (14.8) 47 (37.0) 151 (12.5) <.001
PCI performed ad hoc 942 (70.5) 105 (82.6) 837 (69.1) <.05
CABG decision 193 (14.4) 8 (6.3) 185 (15.3) <.05
MACE within 7 days 2207 (11.1) 141 (28.1) 2066 (10.6) <.001
MACE within 30 days 2261 (11.3) 142 (28.3) 2119 (10.9) <.001
All-cause death �30 days 128 (0.6) 5 (1.0) 123 (0.6) .22

Data are presented as n (%), except for length of stay (median (IQR).
p Values refer to comparison between patients who met STEMI criteria with patients who did not meet STEMI criteria. Mann Whitney U-test was used for com-
parison of medians (length of stay). v� 2 test was used for comparison of frequencies between groups.
aSame-day angiography results are presented as n (% of patients who underwent coronary angiography) and coronary angiography results, PCI and CABG deci-
sion as n (% of patients with acute myocardial infarction), i.e. not as % of total number of patients.
Abbreviations: STEMI: ST elevation myocardial infarction; IQR: inter-quartile range; PCI: percutaneous coronary intervention; CABG: coronary artery by-pass graft-
ing surgery; MACE: major adverse cardiac events.

Table 3. Diagnostic accuracy of conventional and extended STEMI criteria.

STEMI criteria STEMI criteria AND reciprocal STDa Extended STEMI criteria Extended STEMI criteria AND reciprocal STDa

AMI AND� 90% coronary stenosis/occlusion (n¼ 351)
Sensitivity, % 17.1 (13.3–21.4) 13.1 (9.8–17.1) 29.6 (24.9–34.7) 14.3 (10.8–18.5)
Specificity, % 97.8 (97.5–98.0) 99.2 (99.1–99.4) 94.2 (93.8–94.5) 99.0 (99.0–99.3)
PPV, % 12.0 (9.6–14.8) 23.7 (18.5–29.8) 8.4 (7.1–9.8) 22.9 (18.1–28.6)
NPV, % 98.5 (98.4–98.6) 98.5 (98.4–98.5) 98.7 (98.6–98.8) 98.5 (98.5–98.6)

AMI AND coronary occlusion (n¼ 198)
Sensitivity, % 23.7 (18.0–30.3) 19.9 (14.0–25.4) 34.9 (28.2–41.9) 20.7 (15.3–27.0)
Specificity, % 97.7 (97.5–97.9) 99.2 (99.1–99.3) 93.4 (93.6–94.2) 99.1 (99.0–99.2)
PPV, % 9.4 (7.3–11.9) 19.6 (15.0–25.2) 5.5 (4.6–6.7) 18.8 (14.5–24.0)
NPV, % 99.2 (99.2–99.3) 99.1 (99.1–99.2) 99.3 (99.2–99.4) 99.2 (99.2–99.3)

AMI AND� 90% coronary stenosis/occlusion and PCI ad hoc (n¼ 294) or CABG decision (n¼ 46)
Sensitivity, % 17.7 (13.8–22.2) 13.6 (10.1–17.7) 30.7 (25.8–35.9) 14.8 (11.2–19.0)
Specificity, % 97.7 (97.5–98.0) 99.2 (99.1–99.4) 94.2 (93.8–94.5) 99.1 (99.0–99.3)
PPV, % 12.0 (9.6–14.8) 23.7 (18.5–29.8) 8.3 (7.1–9.7) 22.9 (18.1–28.6)
NPV, % 98.6 (98.5–98.6) 98.5 (98.5–98.6) 98.7 (98.7–98.8) 98.5 (98.5–98.6)

AMI alone (n¼ 1429)
Sensitivity, % 9.4 (7.9–11.0) 6.0 (4.8–7.4) 17.4 (15.4–19.5) 6.5 (5.3–8.0)
Specificity, % 97.8 (97.8–98.2) 99.4 (99.3–99.5) 94.5 (94.2–94.9) 99.3 (99.2–99.4)
PPV, % 24.9 (21.4–28.7) 41.2 (34.7–48.2) 18.6 (16.7–20.6) 39.9 (33.8–46.4)
NPV, % 93.8 (93.7–93.9) 93.6 (93.6–93.7) 94.1 (94.0–94.2) 93.7 (93.6–93.8)

aAny ST depression (�0.025mV) in II, III or aVF in case of anterior ST elevation or any ST depression (�0.025mV) in either I, aVL, V2 or V3.
Abbreviations STEMI: ST elevation myocardial infarction; STD: ST depression; AMI: acute myocardial infarction; PPV: positive predictive value; NPV: negative pre-
dictive value.
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coronary artery (OR 11.3 (8.3–15.5)), ad hoc PCI (OR 2.0
(1.4–2.9)) and MACE (OR 3.2 (2.6–3.9)) (Supplements
Table C).

Among those who met STEMI criteria, patients with
AMI and coronary occlusion/near occlusion were slightly
older, had higher troponin levels and larger maximum ST
elevation than patients without AMI (Supplements Table
D). Among patients who fulfilled STEMI criteria but did
not undergo coronary angiography (n¼ 366), only 12
had AMI.

Among the 1249 patients (6.3%) meeting extended
STEMI criteria, 217 (17.4%) had a discharge diagnosis of
AMI. Among those, an occluded or nearly occluded artery
was detected and intervened upon in 351 (28.1%) and 293
(23.5%) cases respectively. For AMI with coronary occlu-
sion/near-occlusion sensitivity increased from 17% to 30%,
whereas PPV decreased from 12% to 8%, compared to con-
ventional STEMI criteria.

When reciprocal ST depression was added to STEMI cri-
teria, PPV increased from 12 to 24% for AMI with occlu-
sion/near-occlusion (Table 3).

Discussion

The results of the present study indicate that STEMI criteria
have a low diagnostic yield in detection of AMI due to acute
coronary occlusion in single ECGs recorded in unselected
chest pain patients at the ED. In patients with AMI and cor-
onary occlusion/near occlusion, STEMI criteria were met in
only 17% of cases, and the PPV was low (12%). Although
the PPV was increased when reciprocal ST depression was
present, the false positive rate was still high because of the
low prevalence. Guidelines state that an ECG should be
acquired within 10min in ED chest pain patients with sus-
pected AMI [17,18] but our results indicate that the vast
majority of those meeting STEMI criteria will have neither
AMI nor an occluded or nearly occluded coronary artery.

Although several papers have addressed different ECG
aspects in STEMI detection (e.g. interpretative skills [19],
computer interpretation accuracy [20], culprit artery identi-
fication [21], neural networks or automated algorithms
[22,23]), few studies have addressed the diagnostic accuracy
of the ECG criteria, especially at the ED. Hillinger et al.
found that these criteria have low sensitivity (35%) and low
PPV (54%) for a STEMI diagnosis at the ED, as adjudicated
by two cardiologists [6]. In our study, the sensitivity and
PPV for AMI and occlusion/near-occlusion (which may cor-
respond to an adjudicated STEMI diagnosis) were even
lower. In addition to our lack of adjudication, the difference
might be due to different patient populations. Hillinger
et al. only included patients with symptom onset or peak
within 12 h, whereas we included patients with chest pain of
any duration. Further, 7% of our patients had AMI and
1.3% an occluded coronary artery at angiography compared
to 18% and 5.5% in Hillinger’s study.

STEMI criteria are aiming to detect patients with acute
coronary occlusion, since these patients may benefit from
early revascularization. In our study, a large proportion of

patients (24%) with AMI who did not meet STEMI criteria
had an occluded/near-occluded coronary artery at coronary
angiography, similar to previous reports of the occlusion
rate in NSTEMI patients [24,25]. This highlights the import-
ance of finding other ECG criteria to detect patients with
acute coronary occlusion.

Extending STEMI criteria or adding reciprocal ST
depression improved the diagnostic accuracy less than
expected. With the use of extended STEMI criteria, 44 add-
itional patients with AMI and coronary occlusion/near-
occlusion could be detected (104 vs. 60 patients), i.e. 73%
more patients, but this was accomplished at a cost of more
false positives. To detect one additional patient with AMI
and coronary occlusion/near-occlusion, 16 more patients
would be false positive.

Reciprocal ST-segment changes are known to be valuable
in the differential diagnosis of ST elevation [11,26–28] and
in the present study, reciprocal ST depression improved the
prediction of AMI with coronary occlusion/near occlusion.
While sensitivity was lower, extended criteria and reciprocal
ST-segment changes combined decreased the number of
false positives, compared to STEMI criteria alone. STEMI
criteria alone detected 20% more patients with AMI and
occlusion/near occlusion, than the combination of extended
STEMI criteria and reciprocal ST changes, but the number
of false positives was more than twice as large (442 vs. 168).
NPV was high for both conventional and extended STEMI
criteria, due to the low AMI prevalence at the ED and did
not change by adding reciprocal ST depression.

The causes behind the low diagnostic yield of the ECG
criteria for STEMI in ED patients are probably multiple.
First, ECG interpretation typically includes more than evalu-
ating simple ST amplitude criteria. In addition to reciprocal
ST depression, the identification of PR depression [28,29]
QRS changes [28,30] or STEMI-equivalent patterns [31,32]
are diagnostically helpful. Second, absence of ST elevation is
not equivalent to absence of severe ischemic heart disease.
Coronary artery disease in need of acute reperfusion can
occur without ST elevation, e.g. in left main stenosis or sub-
total LAD occlusion [33,34] Culprit vessel patency may
change rapidly so that a patient with occlusion and spontan-
eous reperfusion may be classified as NSTEMI [32]. Third,
partly because of ED bypass, there is a low prevalence of
patients with true STEMI at the ED. Many patients instead
have ST elevation from non-ischemic causes, e.g. pericarditis
[35], LVH [36] and early repolarization syndrome [37].
Also, many ED patients have episodical chest pain, while
the guidelines recommend that ECG criteria for STEMI
should be applied to patients with persistent chest pain [17].
In clinical practice, however, a STEMI diagnosis is initially
considered in every ED chest pain patient, since the charac-
teristics of chest pain is not a good predictor of
AMI [38,39].

When a large proportion of STEMI patients are directed
to the coronary care unit instead of the ED, it is likely that
the patients who turn up at the ED have a more atypical
presentation, for example atypical symptoms or atypical
ECG changes. This is a likely explanation for the observed
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low sensitivity of STEMI criteria. Although sensitivity and
specificity are not generally related to the prevalence of dis-
ease (as opposed to PPV and NPV), they can still be
affected by a difference in attributes of the patients. When
patients with acute coronary occlusion who present with
obvious ST elevation are triaged for acute coronary angiog-
raphy and bypass the ED, the proportion of patients with
acute coronary occlusion without obvious ST-segment
changes likely becomes larger at the ED, compared to the
entire population of patients with acute coronary occlusion
(Figure 3). This negatively affects sensitivity of the
STEMI criteria.

This is the largest study evaluating the diagnostic yield of
STEMI amplitude criteria in the ED so far. Our findings,
together with those of Hillinger et al. [6], indicate a need
for improved ECG criteria in the detection of ED chest pain
patients needing acute coronary reperfusion. Automated
diagnostic aids using algorithms derived from body-surface
potential mapping techniques [40] or using a vectorcardio-
graphic approach [23] have shown promising results, but
validation studies in clinical populations are lacking.

Limitations

Since only a minority of the patients underwent coronary
angiography, our results need to be interpreted with caution.
To overcome the limitation of discrepant results of the cor-
onary angiography and ECG findings of acute coronary

occlusion, we analyzed both occluded and near-occluded
arteries as outcomes.

Patients with increased QRS duration were excluded
from this study since STEMI criteria are not fully applicable
to patients with left or right bundle branch block or ven-
tricular pacing. It is possible that exclusion based on QRS
duration erroneously excluded some cases where STEMI cri-
teria would have been applicable, i.e. patients with increased
QRS duration not due to bundle branch block, LVH or ven-
tricular pacing. AMI prevalence was indeed higher among
the excluded patients (12%) than in the study group (7%),
but only 2% of these patients had AMI and an occluded/
nearly occluded coronary artery, which was similar to the
study population.

ECG was registered as a part of routine care in any
patient with a complaint of chest pain, i.e. the study likely
included patients for which STEMI is an unlikely differential
diagnosis, but the number of these patients is unknown.
Only single ECGs from the ED were analyzed, while in rou-
tine care repeated ECGs are often recorded. Information
whether the chest pain was persistent or not, and about
symptom duration is lacking, which is a limitation to the
study. Also, all types of chest pain were included, i.e. there
was no differentiation of typical, atypical or non-anginal
pain. The findings in the present study clearly indicate that
management decisions must include more information than
STEMI criteria fulfillment and acute chest pain, such as
other ECG findings (PR depression, QRS changes, reciprocal

Figure 3. Schematic explanation of how sensitivity of STEMI criteria is affected in different populations.
Although sensitivity and specificity are not related to the prevalence of disease (as opposed to PPV and NPV), they can still be affected by a difference in attributes of the patients.
A. The entire population of patients with acute coronary occlusion is heterogeneous and patients may present with either typical ECG changes and typical symptoms on one end of the
spectrum, or with atypical symptoms and atypical ECG changes on the other. In this illustration, patients with typical presentation are represented by an intense red color and patients
with atypical presentation represented by pink/white colors.
B: The rectangle represents all patients with acute coronary occlusion – here referred to as the general “STEMI” population. STEMI criteria have been assigned a hypothetical sensitivity,
50%, for the detection of acute coronary occlusion. Patients to the left of the dashed line meet STEMI criteria (positive), while patients to the right of the dashed line do not (negative).
C: Patients with typical symptoms and/or typical ECG changes (more red) are more likely to be directed to the coronary care unit (CCU) than those with atypical presentation (pink/white),
who instead are more likely to present at the emergency department (ED).
D: Since atypical ECG changes are more common among those patients who present at the ED, STEMI criteria will not detect as many patients with acute coronary occlusion as in the
population in B, i.e. sensitivity decreases.
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ST-segment changes, ST-elevation morphology), other diag-
nostic findings, clinical history as well as the entire gestalt.
In this study, most patients who fulfilled STEMI criteria did
not undergo coronary angiography, indicating that clinical
decision making is indeed based on more than STEMI crite-
ria fulfillment. Even among those who met STEMI criteria
and underwent angiography, only half of them had AMI
and occlusion/near-occlusion. The results from this study
indicate that STEMI criteria alone cannot be used as inclu-
sion criterion in STEMI trials, for example.

In our study, we aimed to evaluate the accuracy of the
ECG STEMI criteria in the specific setting of the ED, and
our results may not be generalizable to other settings or ED
settings with a different proportion of STEMI ED bypass.

The validity of AMI as an outcome in the context of
STEMI is questionable, since AMI includes NSTEMI diag-
noses. However, AMI as an outcome is less affected by veri-
fication bias since it does not require angiographical data.
Seventy-five percent of ED chest pain patients who fulfilled
STEMI criteria did not have AMI, which is important infor-
mation to the ED clinician.

Computerized ECG measurements were used in the ana-
lysis. We thereby limited the variability of the measurements
and avoided human error but may also in some cases have
introduced errors. The use of computerized measurements
may differ from manually defined ST-J amplitudes. Eskola
et al. found slightly larger amplitudes for human measure-
ments compared to computerized measurements [41]. This
may have led to slight underestimation of sensitivity and
overestimation of specificity compared to if human meas-
urements would have been used.

Conclusion

We found that the diagnostic yield of ECG criteria for
STEMI in unselected ED chest pain patients is low. A
minority of patients with acute coronary occlusion and AMI
met STEMI criteria, and most patients meeting STEMI cri-
teria had neither coronary occlusion nor AMI. Future stud-
ies to improve the ECG detection of ED patients with AMI
due to acute coronary occlusion are warranted.
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