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ABSTRACT
Background: Patients with occlusion myocardial infarction (OMI) who
meet the ST-elevation myocardial infarction (STEMI) criteria experience
inequitable delays in care, because of sociodemographic factors, such
as age and sex. OMI patients who do not meet STEMI criteria and are
admitted to the hospital as non-STEMI patients, experience further
delays. However, whether equity gaps exist in OMI care remains
unknown.
Methods: A retrospective chart review included patients with acute
coronary syndrome admitted to the hospital through 2 academic
emergency departments, in the period from January 1, 2021 to
December 31, 2022. Patients were categorized as having one of the
following: OMI (acute culprit with Thrombolysis In Myocardial Infarction
[TIMI] 0-2 flow, or acute culprit with TIMI 3 flow, and a troponin I level>
10,000 ng/L; or if they had no angiogram, a troponin I level > 10,000
ng/L plus new regional wall-motion abnormality on echocardiogram);
non-OMI (MI that did not meet the OMI threshold); or MI ruled out.
Results: Among 662 charts, 260 were OMI patients, 296 were non-
OMI patients, and 106 were patients with MI ruled out. Of the 260
OMI patients, 116 were admitted to the hospital as STEMI patients
(true-positive), and 144 (55.4%) were admitted as non-STEMI patients
(false-negative). In bivariate analyses, true-positive STEMI patients with
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R�ESUM�E
Contexte : Les patients qui subissent un infarctus du myocarde par
occlusion (IMO) et qui r�epondent aux critères d�efinissant l’infarctus du
myocarde avec �el�evation du segment ST (STEMI) connaissent des re-
tards in�equitables dans les soins en raison de facteurs socio-
d�emographiques, tels que l’âge et le sexe. Les patients qui pr�esentent
un IMO, qui ne r�epondent pas aux critères du STEMI et qui sont admis
à l’hôpital en tant que patients ne pr�esentant pas un STEMI (patients «
non STEMI ») connaissent des retards encore plus longs. On ignore
cependant si des in�egalit�es existent dans les soins aux patients qui
subissent un IMO.
M�ethodologie : Nous avons proc�ed�e à un examen r�etrospectif de
dossiers de patients admis à l’urgence de deux centres hospitaliers
universitaires pour un syndrome coronarien aigu entre le 1er janvier
2021 et le 31 d�ecembre 2022. Les patients ont �et�e r�epartis dans les
cat�egories suivantes : IMO (cause aiguë avec thrombolyse dans l’in-
farctus du myocarde [IM] à un flux de 0 à 2 ou cause aiguë avec
thrombolyse dans l’IM à un flux de 3, et taux de troponine I > 10 000
ng/L; ou si aucun angiogramme n’a �et�e r�ealis�e, taux de troponine I >
10 000 ng/L accompagn�e d’une nouvelle anomalie r�egionale du
mouvement de la paroi à l’�echocardiographie), non IMO (IM qui n’a pas
atteint le seuil de l’IMO) ou IM exclu.
The diagnosis and treatment of acute coronary occlusion
traditionally has been based on the ST-elevation myocardial
infarction (STEMI) paradigm. The STEMI paradigm is the
framework for acute coronary syndrome (ACS) quality
metrics: all patients with ischemic symptoms need an
electrocardiogram (ECG) within 10 minutes of their arrival to
the emergency department (ED), and those patients who have
ECGs that meet the STEMI criteria need emergent
n Cardiovascular Society. This is an open access article under the CC BY-NC-
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atypical symptoms had a longer door-to-electrocardiogram (ECG) time
(P < 0.0001) and a longer ECG-to-catheterization time (P < 0.001).
False-negative STEMI patients had a longer door-to-ECG time for
atypical symptoms (P < 0.0001), a longer ECG-to-catheterization time
for atypical symptoms (P ¼ 0.003), and were aged �75 years (P ¼
0.006).
Conclusions: True-positive STEMI patients had delayed ECGs and
catheterization for those presenting with atypical symptoms. More
than half of those with OMI were admitted as non-STEMI patients, with
further reperfusion delays for older patients and those presenting with
atypical symptoms. Shifting to the OMI paradigm highlights reperfu-
sion delays and equity gaps in the management of ACS.

R�esultats : Sur 662 dossiers, 260 appartenaient à des patients ayant
subi un IMO, 296 à des patients dont l’IM n’avait pas atteint le seuil de
l’IMO (patients « non IMO ») et 106 à des patients chez qui l’IM avait
�et�e exclu. Parmi les 260 patients ayant subi un IMO, 116 ont �et�e
admis à l’hôpital en tant que patients « STEMI » (vrai positif) et 144
(55,4 %), en tant que patients « non STEMI » (faux n�egatif). Dans les
analyses bivari�ees, le temps entre l’admission et
l’�electrocardiogramme (ECG) (p < 0,0001) et entre l’ECG et le
cath�et�erisme (p < 0,001) a �et�e plus long chez les patients « STEMI »
vrai positif pr�esentant des symptômes atypiques. Chez les patients «

STEMI » faux n�egatif pr�esentant des symptômes atypiques, le temps a
�egalement �et�e plus long entre l’admission et l’ECG (p < 0,0001) et
entre l’ECG et le cath�et�erisme (p ¼ 0,003), de même que chez ceux
âg�es d’au moins 75 ans (p ¼ 0,006).
Conclusions : L’ECG et le cath�et�erisme ont �et�e pratiqu�es tardivement
chez les patients « STEMI » vrai positif lorsqu’ils pr�esentaient des
symptômes atypiques. Plus de la moiti�e des patients ayant subi un
IMO ont �et�e admis en tant que patients « non STEMI », et les retards de
reperfusion ont �et�e encore plus importants chez les patients plus âg�es
et chez ceux qui pr�esentaient des symptômes atypiques. Le passage
au paradigme de l’IMO met en lumière les retards de reperfusion et les
in�egalit�es dans la prise en charge du syndrome coronarien aigu.
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reperfusion within 90 minutes.1 Patients with non-STEMI
require angiography within 2 hours for very high-risk fea-
tures, and angiography within 24 hours for high-risk features.2

Recognition is increasing of both the gaps in ACS care and
the opportunities for its improvement. First, not all patients
with STEMI receive timely diagnosis and reperfusion, and
these delays disproportionately affect populations depending
on age, sex, racial background, language, and income.3 These
equity gaps include receiving a less timely ECG,4 being less
likely to undergo angiography5-8 and undergoing less timely
reperfusion for both STEMI and non-STEMI.9,10 Some of
these gaps have been attributed to differences in presenting
symptoms11-13 highlighting the need to consider high-risk
anginal equivalents.14

Secondly, not all patients with acute coronary occlusion
meet STEMI criteria on ECG. At least one quarter of pa-
tients admitted who are considered to have non-STEMI
have a completely occluded coronary artery (and one third
have a Thrombolysis In Myocardial Infarction [TIMI] grade
0/1 flow), with delayed angiography and a higher incidence
of mortality.15,16 A recent meta-analysis of STEMI criteria
found that the sensitivity for acute coronary occlusion for
this group is only 43.6%.17 Not only are these occlusions
missed prospectively, but they are also missed in hindsight;
in the STEMI paradigm, no false negatives occur (which we
call “the no-false-negative paradox”). As we found previously,
14% of code STEMIs were false positives, and discharge
diagnoses were changed to highlight this, but 32% of pa-
tients with non-STEMI had occlusion myocardial infarction
(OMI), and yet discharge diagnoses for these patients with
“non-STEMI” were not changed to highlight missed
occlusions.18

A paradigm shift has been proposeddfrom STEMI to
OMI19dto identify patients whose ECGs do not meet
STEMI criteria but who have OMI. Citing this work, the new
American College of Cardiology expert consensus on chest
pain in the emergency department warns that application of
the STEMI criteria “will miss a significant minority of patients
with acute coronary occlusion.”20 Cardiologists and emer-
gency physicians increasingly are calling for ACS to be
reclassified by presence or absence of occlusion in the patient,
rather than by STEMI criteria on the ECG.21-25

The OMI paradigm has not yet been studied through an
equity lens. The literature on myocardial infarction equity
gaps dichotomizes patients as having STEMI vs being non-
STEMI, which does not address non-STEMI patients with
OMI (false negatives). Quality-improvement initiatives that
seek to reduce STEMI equity gaps26-29 may overlook gaps
among OMI patients who are admitted with a non-STEMI
classification. Conversely, OMI studies have highlighted
“non-STEMI” patients with occluded arteries, but they have
not examined whether these false negatives disproportionately
affect certain groups. The closing of equity gaps and the
shifting of paradigms from STEMI to OMI might therefore
go hand in hand.

We have found previously that STEMI criteria miss the
majority of OMIs,18 which is consistent with findings of a
recent meta-analysis.17 In the current study, we assess the
impact of sociodemographic factors on the diagnosis (door-to-
ECG time) and treatment (door-to-catherization time) of
OMI patients in the ED, to identify any disproportionate
delays in delivery of care.
Methods

Study design and population

A retrospective chart review was conducted for patients
admitted to the ED from January 1, 2021 to December 31,
2022. We collected data from 2 large academic
EDsdToronto General Hospital and Toronto Western
Hospital. Ethics approval was granted by the University
Health Network Research Ethics Board for this study (ID#
23-5065).
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We included all patients admitted to the 2 hospitals
through the ED with an admission and/or discharge diag-
nosis of ACS (including STEMI, non-STEMI, and unstable
angina). We considered both admission and discharge di-
agnoses of ACS to capture those patients whose diagnosis
was clarified after their admission, but we excluded patients
with non-ACS diagnoses who developed in-hospital MI
(acute MI > 24 hours after admission).30 We excluded
patients who were taken directly to the catheterization lab-
oratory via paramedic services or other hospital transfers,
because the primary outcomes (ED door-to-ECG time, and
ED ECG-to-catheterization time) focus on the diagnosis and
management of ACS in the ED and cannot be applied to
direct admissions. We also excluded patients who died or
left the hospital against medical advice prior to in-
vestigations, and patients considered to be in need of
palliative care. Patients were also excluded if the available
information was insufficient to classify them based on the
OMI criteria as described below.

The included patients were categorized as having OMI,
non-OMI (NOMI), or MI ruled out (MIRO). The diagnosis
of OMI was based on the criteria used in prior studies,17,28,31

and it included the presence of any one of the following: (i)
acute culprit lesion with TIMI 0-2 flow; (ii) acute culprit
lesion with TIMI 3 flow and a highly elevated troponin I level
(> 10,000 ng/L); or (iii) if no angiography was done, then a
highly elevated troponin level with new or presumably new
regional wall-motion abnormality on echocardiogram. The
echocardiogram reports included comparison to prior echo-
cardiogram results, to identify new regional wall-motion ab-
normalities; in cases in which no prior abnormalities existed,
regional wall-motion abnormalities were considered new. The
definition of “highly elevated” was based on levels that are
highly predictive of total occlusion.32 The diagnosis of NOMI
was made for any type of acute MI (types 1-5 MI) that did not
meet the OMI threshold. The MIRO classification was made
if serial troponin levels were negative or did not rise beyond
baseline. OMI patients were stratified further, into those
who were admitted as STEMI patients (ie, true-positive
STEMI) and those who were admitted as non-STEMI pa-
tients (ie, false-negative STEMI), based on the ED admission
diagnosis.

Outcomes

The primary outcomes were median door-to-ECG time,
median ECG-to-catherization time, and median door-to-
catheterization times. Other outcomes were based on quality
guidelines for timely diagnosis and intervention, including the
proportion of patients who received an ECG within 10 mi-
nutes of arrival, and the proportion of patients who received
cardiac catheterization within 90 minutes. We assessed dif-
ferences in these outcomes within OMI patients by dichoto-
mizing variables provided by the initial data request from
medical records, as follows: chief complaint (chest pain and/or
cardiac arrest vs atypical presentation); age (< 75 years vs �
75 years); sex (male vs female); language (first language En-
glish vs another first language); and income quintile (first
quintile vs last quintile). The chief triage complaints, based on
the main symptom entered by the triage nurse into the
medical record, were dichotomized into chest pain or cardiac
arrest vs all other symptoms considered to be atypical (eg,
shortness of breath, abdominal pain, weakness). We then
stratified OMI patients into those with true-positive STEMI
and those with false-negative STEMI, based on whether the
patient admission diagnosis was STEMI or not, and we
analyzed the aforementioned differences in outcomes.

Data collection

Data were recorded in a standardized abstraction form
using Excel (Microsoft, Redmond, WA). The initial data
request from the hospital database gathered age, sex, first
language, postal code, cardiac risk factors, ED chief
complaint, arrival by ambulance, triage time, ED admission
diagnosis, and hospital discharge diagnosis. Using postal
codes, we obtained area-level income quintiles for each
patient, based on publicly available national datasets.

The primary author (V.S.) then extracted the remaining
data directly from patient charts, per training by the senior
author (J.T.T.M.). We reviewed discharge summaries for the
following factors: presence or absence of cardiac risk factors;
laboratory values for first and peak troponin levels (high-
sensitivity Troponin I; Alinity assay, Abbott Laboratories,
Abbott Park, IL); coronary angiogram reports for presence or
absence of culprit lesion and TIMI flow; and cardiac echo-
cardiogram report for presence or absence of new regional
wall-motion abnormality. Additionally, we noted the time
stamps on the first ED ECG and the catheterization lab report
(for patients who underwent coronary angiography) to
calculate times for door to ECG, ECG to catheterization, and
door to catheterization. Inter-rater reliability for OMI vs
NOMI vs MIRO classification, based on Cohen’s kappa test,
was assessed by one author (M.E.-B.) who reviewed every
10th chart, blinded to the determination of the primary
author (V.S.), and differences were resolved by a third author
(J.T.T.M.).

Statistical analysis

We analyzed baseline sociodemographic characteristics and
risk factors using descriptive statistics (percentages or medians
with interquartile ranges). Similarly, we used descriptive
statistics to report initial and peak troponin levels, automated
ECG interpretation, echocardiogram and angiogram findings,
and reperfusion therapy. To assess differences in outcomes by
equity variables, we used bivariate analyses (c2 test) with a
significance level set at 0.05.
Results
A total of 921 charts were retrieved based on inclusion

criteria (Fig. 1). Prior to chart review, 83 patients were
excluded because they were direct admissions, left the
hospital against medical advice, or had a chart that was
retrieved in error. We abstracted a total of 838 charts, of
which 176 were excluded from the final study population
for reasons that include insufficient information, in-hospital
MI, death prior to investigations completed, and palliative
care. We had a final total of 662 patients for our study
population.

Table 1 illustrates the baseline characteristics of the
included patients. The median age was 69.7 years, and 36.0%



Figure 1. Study population. ED, emergency department; MIRO, myocardial infarction ruled out; NOMI, non-occlusion myocardial infarction; OMI,
occlusion myocardial infarction; STEMI, ST-elevation myocardial infarction.
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of the total sample of patients were female. Overall, the OMI
group had a lower median age (66.9 vs 74.9 years) and a lower
proportion of female patients (25.4% vs 47.6%), compared to
patients with NOMI. Within OMI, those who were not
Table 1. Baseline characteristics

Characteristic All (n ¼ 662) OMI (n ¼ 260)

STEMI (þ) O
true-positi
(n ¼ 116

Age, y 69.7 (59e80) 66.9 (56e78) 64.8 (54e
Female 238 (36.0) 66 (25.4) 32 (27.6
English as first language 572 (86.4) 227 (87.3) 101 (87.1
Highest income quintile 136 (20.5) 52 (20.0) 19 (16.4
Lowest income quintile 145 (21.9) 65 (25.0) 28 (24.1
CAD 274 (41.4) 89 (34.2) 28 (24.1
DM 239 (36.1) 90 (34.6) 33 (28.4
HTN 416 (62.8) 147 (56.5) 50 (43.1
DLD 350 (52.9) 120 (46.2) 39 (33.6
Smoker 142 (21.4) 78 (30.0) 35 (30.2
CP/VSA 415 (62.7) 182 (70.0) 87 (75.0
Arrived via EMS 304 (45.9) 113 (43.5) 53 (45.7

Values are n (%) or median (interquartile range).
CAD, coronary artery disease; CP, chest pain; DLD, dyslipidemia; DM, diab

myocardial infarction; MIRO, MI ruled out; NOMI, non-occlusion MI; OMI, occ
admitted with classification as a STEMI patient (ie, false-
negative patients) were more likely to have the cardiac risk
factors of preexisting coronary artery disease, hypertension,
and dyslipidemia, compared to those who were admitted as
MI /
ve
)

STEMI (e) OMI /
false- negative
(n ¼ 144) NOMI (n ¼ 296) MIRO (n ¼ 106)

75) 69.4 (57e80) 74.9 (63e85) 63.6 (53e73)
) 34 (23.6) 141 (47.6) 31 (29.2)
) 126 (87.5) 249 (84.1) 96 (90.6)
) 33 (22.9) 54 (18.2) 30 (28.3)
) 37 (25.7) 67 (22.6) 13 (12.3)
) 61 (42.4) 119 (40.2) 66 (62.3)
) 57 (39.6) 104 (35.1) 45 (42.5)
) 97 (67.4) 199 (67.2) 70 (66.0)
) 81 (56.3) 162 (54.7) 68 (64.2)
) 43 (29.9) 43 (14.5) 21 (19.8)
) 95 (66.0) 151 (51.0) 82 (77.4)
) 60 (41.7) 166 (56.1) 25 (23.7)

etes mellitus; EMS, emergency medical services; HTN, hypertension; MI,
lusion MI; STEMI, ST-elevation MI; VSA, vital signs absent.
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non-STEMI patients (all P < 0.05). Patients with false-
negative STEMI classification were also more likely to
present with atypical symptoms, compared with those of
true-positive STEMI patients, although this trend was not
statistically significant (P ¼ 0.15).

The classification of patients as OMI, NOMI, and MIRO
was based on the coronary angiograms, troponin levels, and
echocardiograms (Table 2). Inter-rater agreement for classifi-
cation was 0.942 (95% confidence interval [CI] 0.863-1). Of
the 662 patients, 260 were classified as OMI patients, 296 as
NOMI patients, and 106 as MIRO patients. Of the 260 OMI
patients, 116 were admitted to the hospital as STEMI patients
(44.6% true-positive) and 144 were admitted as non-STEMI
patients (55.4% false-negative). The MIRO group had higher
rates of angiography and/or reperfusion than the NOMI
group, because the former included both false-positive STEMI
patients (angiography without reperfusion) and patients with
unstable angina from coronary artery disease (angiography
with stent or coronary artery bypass grafting), whereas the
latter included those admitted as non-STEMI patients with an
identifiable cause of demand ischemia not requiring angiog-
raphy (eg, tachyarrhythmia, sepsis, anemia) or a type 2 MI
found on angiography not requiring reperfusion (eg, takot-
subo syndrome, myocarditis, vasospasm, coronary artery
dissection).

Table 3 illustrates the diagnosis and treatment outcomes,
and the ACS quality standard outcomes, for the patient
population. For all patients with OMI, the median door-to-
catheterization time was 521 minutes, with those admitted
as STEMI patients (true-positive) having significantly shorter
times (90 vs 1690 minutes, P < 0.0001) and being more
likely to have a coronary angiogram within 90 minutes
(49.1% vs 0.9%, P < 0.0001) than the patients with false-
negative STEMI. These reflected differences in both diag-
nosis and treatment times. The median door-to-ECG time for
all OMI patients was 18 minutes, but true-positive STEMI
patients had significantly shorter door-to-ECG times (10 vs
24 minutes, P < 0.0001) and were also more likely than false-
negative STEMI patients to receive an ECG within 10
minutes of arrival to the ED (49.1% vs 30.0%, P ¼ 0.002).
Similarly, true-positive STEMI patients had shorter ECG-to-
catheterization times (71 vs 1608 minutes, P < 0.0001). No
difference occurred between true-positive vs false-negative
STEMI patients in terms of their arrival by ambulance
(P ¼ 0.52). Tables 4 and 5 show equity gaps from bivariate
analyses for OMI patients stratified as admitted as STEMI
patients (true-positive) and those admitted as non-STEMI
patients (false-negative), respectively.

Among true positive patients (Table 4), those with
atypical symptoms experienced longer door-to-
catheterization times (151 vs 78.5 minutes, P < 0.0001),
and they were less likely to receive catheterization within 90
minutes (25% vs 60%, P ¼ 0.002). This difference re-
flected longer door-to-ECG times (36 vs 8 minutes, P ¼
0.0001) and longer ECG-to-catheterization times (117 vs
66 minutes, P ¼ 0.0001). Patients who were less likely to
have an ECG within 10 minutes included both those with
atypical symptoms (21% vs 58%, P ¼ 0.0007) and those
with age > 75 years (18% vs 37%, P ¼ 0.003). Differ-
ences for other equity variables did not reach the level of
statistical significance.



Table 3. Outcomes for patients with occlusion myocardial infarction (OMI), non-occlusion MI (NOMI), and MI ruled out (MIRO)

Outcomes All (n ¼ 662) OMI (n ¼ 260)

STEMI (þ) OMI /
True Positive
(n ¼ 116)

STEMI (-) OMI /
False Negative
(n ¼ 144) NOMI (n ¼ 296) MIRO (n ¼ 106)

Door-to-ECG time, min 26 (9e55) 18 (6e39) 10 (4e28) 24 (8e47) 35 (16e70) 23 (8e54)
ECG-to-cath time, min 1536 (228e3429) 484 (73.25e1927) 71 (55e137) 1608 (981e3842) 2738 (1371e4288) 2662 (1243e4627)
Door-to-cath time, min 1591 (255e3536) 521 (93e2023) 90 (60e159) 1690 (1000e3927) 2782 (1393e4386) 2874 (12645200)
Door-to-ECG time < 10 min 177 of 648 (27.3) 97 of 252 (38.5) 55 of 113 (48.7) 42 of 141 (29.8) 46 of 293 (15.7) 34 of 101 (33.6)
Door-to-cath time < 90 min 72 of 496 (14.5) 58 of 245 (23.7) 57 of 113 (50.4) 1 of 132 (0.8) 5 of 165 (3.0) 9 of 86 (10.5)

Values are n (%) or median (interquartile range).
ECG, electrocardiogram; cath, catheterization; MI, myocardial infarction; STEMI, ST-elevation MI.
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Among the false-negative patients (Table 5), longer door-
to-catheterization times occurred for those who were elderly
(2135 vs 1571 minutes, P ¼ 0.01) and those who had atypical
symptoms (2170 vs 1571 minutes, P ¼ 0.0008). This
difference reflected longer door-to-ECG times for elderly
patients (42 vs 18 minutes, P < 0.0001) and longer ECG-to-
catheterization times for elderly patients (2110 vs 1489
minutes, P ¼ 0.006) and those with atypical symptoms (2110
vs 1466, P ¼ 0.003). Those less likely to have an ECG within
10 minus included elderly patients (18% vs 36%, P ¼ 0.02)
and those with atypical symptoms (11% vs 40%,
P ¼ 0.0004). Differences for other equity variables did not
reach the level of statistical significance.
Discussion
Our study examined equity gaps in the diagnosis and

treatment of MIs through the OMI paradigm, an emerging
framework that seeks to identify patients with occluded
coronary arteries who may be missed by the current STEMI
paradigm.

For true-positive STEMI patients, we found a median
door-to-ECG time of 10 minutes, and a door-to-catherization
time of 89.5 minutes, indicating that at least 50% of patients
met quality benchmarks. The high peak troponin level of
true-positive STEMI patients therefore does not appear to be
Table 4. Equity gaps in management of patients with occlusion myocardial
classification (true-positive, n ¼ 116)

Comparison
Door-to-ECG
time, min

ECG-to-cath
time, min

Chief complaint
Atypical symptoms 36 (2e19)* 117 (66e215)*
CP/VSA 8 (14e89)* 66 (54e111)*

Age, y
� 75 17 (7e60) 90 (60e170)
< 75 9 (2e26) 68 (55e127)

Sex
Female 12 (5e33) 81 (59e143)
Male 10 (2e27) 69 (54e137)

Income quintile
Lowest 19 (5e51) 87 (62e148)
Highest 7 (1e26) 63 (53e112)

Language
Non-English 13 (7e56) 71 (62e284)
English 10 (2e27) 71 (54e137)

Values are n (%) or median (interquartile range).
ACS, acute coronary syndrome; cath, catheterization; CP, chest pain; ECG, elec
*< 0.05 based on c2 test.
linked to treatment delay but rather could indicate infarct
severity or early troponin release from rapid reperfusion.32

However, patients with atypical symptoms were significantly
less likely to meet such benchmarks. An unsurprising finding
is that these patients experienced a delay in door-to-ECG
time; but we also found that such patients had a delay in
ECG-to-catheterization time. This delay could dispropor-
tionately affect high-risk patients who are more likely to
present with atypical symptoms, including the elderly and
those with cardiac risk factors.14 Although we did not find any
differences in the median door-to-ECG time, we did find that
those aged > 75 years were less likely to have an ECG within
10 minutes. Focusing on the proportion of patients who meet
this quality metric, rather than the median door-to-ECG time,
has been shown to reveal a greater proportion of patients who
face inequities.4 We did not find other equity gaps related to
sex and language, as others have found for true-positive
STEMI cases,4 and this finding is a positive. Some studies
have suggested that differences in age and symptom presen-
tation may explain the sex gap.13

Even greater diagnostic and treatment delays occurred for
the 55.4% of OMI patients who were admitted with a
non-STEMI classification, which was further exacerbated by
equity gaps. Patients with cardiac risk factors and those with
atypical symptoms, who are at higher risk, were less likely to
be admitted as STEMI patients. False-negative STEMI
infarction admitted with an ST-elevation myocardial infarction

Door-to-cath
time, min

ACS quality standards

Door-to-ECG
time < 10 min

Door-to-cath
time < 90 min

151 (121e303)* 6 of 28 (21.4)* 7 of 28 (25.0)*
79 (53e90)* 49 of 84 (58.3)* 50 of 84 (59.5)*

108 (71e179) 10 of 31 (32.3)* 13 of 30 (43.3)
88 (58e151) 45 of 81 (55.6)* 44 of 82 (53.7)

94 (70e175) 14 of 30 (46.7) 14 of 30 (46.7)
88 (58e151) 41 of 82 (50.0) 43 of 82 (52.4)

110 (73e209) 10 of 27 (37.0) 11 of 27 (40.7)
70 (47e119) 11 of 19 (57.9) 12 of 19 (63.2)

92 (67 e251) 6 of 12 (50.0) 6 of 12 (50.0)
89 (56e151) 49 of 98 (50.0) 51 of 99 (51.5)

trocardiogram; VSA, vital signs absent.



Table 5. Equity gaps in management of patients with occlusion myocardial infarction admitted as with a non-ST-segment myocardial infarction
classification (false-negative, n ¼ 144)

Comparison
Door-to-ECG
time, min

ECG-to-cath
time, min

Door-to-cath
time, min

ACS Quality Standards

Door-to-ECG
time < 10 min

Door-to-cath
time < 90 min

Chief complaint
Atypical 42 (20e111)* 2110 (1315e4754)* 2170 (1357e5139)* 5 of 47 (10.6)* 0 of 38 (0)
CP/VSA 18 (6e34)* 1466 (821e3624)* 1571 (858e3413)* 37 of 93 (39.8)* 1 of 94 (0.01)

Age, y
� 75 28 (15e52) 2110 (1342e4413)* 2135 (1398e4417) 9 of 50 (18.0)* 0 of 42 (0)
< 75 20 (6e40) 1489 (850e3335)* 1571 (887e3523) 33 of 90 (36.7)* 1 of 90 (0.01)

Sex
Female 24 (8e48) 2031 (1359e4413) 2157 (1359e4417) 9 of 33 (27.3) 0 of 29 (0)
Male 22 (7e46) 1575 (865e3456) 1661 (894e3523) 33 of 107 (30.8) 1 of 103 (0.01)

Income quintile
Lowest 19 (6e48) 1770 (907e3695) 1888 (976e3715) 13 of 36 (36.1) 0 of 0 (0)
Highest 20 (6e37) 1260 (906e2655) 1289 (943e3174) 11 of 31 (35.5) 0 of 0 (0)

Language
Non-English 22 (8e56) 1709 (1129e3892) 1717 (1154e3979) 11 of 29 (37.9) 0 of 15 (0)
English 24 (7e45) 1586 (981e3842) 1671 (1000e3927) 86 of 220 (39.1) 1 of 116 (0.01)

Values are n (%) or median (interquartile range).
ACS, acute coronary syndrome; cath, catheterizaion; CP, chest pain; ECG, electrocardiogram; VSA, vital signs absent.
*< 0.05 based on c2 test.
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patients had a greater door-to-ECG time and ECG-to-
catheterization time, and they were less likely to meet the
quality metrics of ECG within 10 minutes, or catheterization
within 90 minutes. This finding was not related to any
difference in mode of arrival.

Within the group of patients with false-negative STEMI
classifications, those with atypical symptoms and those aged >
75 years experienced further delays in receipt of ECG and
catheterization. This finding suggests not only that more than
half of OMI patients are missed by the STEMI criteria, but also
that they face additional delays based on their age and symp-
toms. Older patients are more likely to present with atypical
symptoms, such as gastrointestinal or general weakness com-
plaints, leading to delayed recognition of ACS.33,34 However,
we noted that OMI patients admitted as STEMI patients did
not differ in age, whereas OMI patients admitted as non-
STEMI patients did differ in age. This findingmay indicate that
age may play a role in delays to catheterization that is inde-
pendent of atypical presentation, particularly in these OMI
patients who are missed by the current STEMI paradigm. By
moving to the OMI paradigm, we may be able to more accu-
rately identify these “false-negative” patients and reduce both
reperfusion delays and equity gaps in the management of ACS.

Limitations

Given that this study was a retrospective chart review, it
was subject to inherent limitations associated with the study
design. These limitations include missing and/or insufficient
information, resulting in the exclusion of 156 patients. Full
angiographic information, including TIMI flow, is required
to adjudicate the patient outcome of OMI vs NOMI. For
example, although an acute culprit lesion with a peak
troponin level of 20,000 ng/L would be classified as OMI,
regardless of the TIMI flow at the time of the angiogram,
an acute culprit lesion with a peak troponin of 4000 ng/L
would be classified as OMI vs NOMI depending on the
TIMI flow (OMI if reduced flow and NOMI if normal
flow). Therefore, the latter would be excluded if TIMI flow
data were missing. Despite the limitations from these
exclusions, the resulting dataset is more patient-centred,
rather than being reliant on admission or discharge
diagnoses of STEMI and non-STEMI.

Despite the inclusion of patients from 2 large hospitals over
a 2-year period, upon stratification into OMI vs NOMI cat-
egories, and further subdivision into the OMI groups "true
positive" and "false negative," the sample sizes for each sub-
group ultimately were small. The small sizes of the samples
limited the ability to conduct multivariable regression ana-
lyses, to adjust for confounding; they also limited the power of
our study. Possibly, equity gaps were present that we were
unable to detect. Future larger studies may uncover further
equity gaps among OMI patients, and multivariable analysis
on a larger dataset may help to explore the relationships
among multiple equity factors (age, sex, language, income),
symptoms, and treatment delays.

Additionally, our study was conducted across 2 academic
hospitals, which may affect the variability of the sample popu-
lation and the ability to extrapolate to populations served by
community hospitals.We also chose to dichotomize the age and
income variables, to match the other binary variables, which
may have led to a loss of variability in the age and income data.

Conclusion

In summary, our study examined equity gaps in ACS
management using the OMI framework. We discovered that
older patients with OMI were less likely to meet the quality
metric of a 10-minute door-to-ECG time. Further, OMI pa-
tients not admitted as STEMI faced catheterization delays,
particularly owing to their age, with older patients experiencing
longer door-to-catheterization times. Shifting to the OMI
paradigm from the STEMI framework highlights these reper-
fusion delays and the equity gaps in the management of ACS.
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