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Background: Limits to ST-ElevationMyocardial Infarction (STEMI) criteria may lead to prolonged diagnostic time
for acute coronary occlusion. We aimed to reduce ECG-to-Activation (ETA) time through audit and feedback on
STEMI-equivalents and subtle occlusions, without increasing Code STEMIs without culprit lesions.
Methods: This multi-centre, quality improvement initiative reviewed all Code STEMI patients from the emer-
gency department (ED) over a one-year baseline and one-year intervention period. We measured ETA time,
from the first ED ECG to the time a Code STEMIwas activated. Our intervention strategy involved a grand rounds
presentation and an internal website presenting weekly local challenging cases, along with literature on STEMI-
equivalents and subtle occlusions. Our outcome measure was ETA time for culprit lesions, our process measure
waswebsite views/visits, and our balancingmeasurewas the percentage of Code STEMIs without culprit lesions.
Results: There were 51 culprit lesions in the baseline period, and 64 in the intervention period. Median ETA de-
clined from 28.0min (95% confidence interval [CI] 15.0–45.0) to 8.0 min (95%CI 6.0–15.0). The website garnered
70.4 views/week and 27.7 visitors/week in a group of 80 physicians. There was no change in percentage of Code
STEMIs without culprit lesions: 28.2% (95%CI 17.8–38.6) to 20.0% (95%CI 11.2–28.8%).
Conclusions
Our novel weekly web-based feedback to all emergency physicians was associated with a reduction in ETA time
by 20min, without increasing Code STEMIs without culprit lesions. Local ECG audit and feedback, guided by ETA
as a quality metric for acute coronary occlusion, could be replicated in other settings to improve care.
© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Quality Improvement (QI) initiatives for acute coronary occlusion
have focused on setting quality benchmarks and developing methods
to meet them [1]. However, prior work has not focused primarily on
emergency physicians. According to the American Heart Association/
American College of Cardiology (AHA/ACC) guidelines, “The D2B
[door-to-balloon] time interval includes 3 key components: door-to-
ECG time, ECG-to-catheterization laboratory time, and laboratory-to-
device time.” [2] While the first component provides a quality metric
for nurses and the third component provides a quality metric for
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interventional cardiologists, the second component combines emer-
gency physician diagnostic time with transportation from the emer-
gency department (ED) to the cath lab (including potentially
transferring patients from non-PCI centres to PCI centres). Door-to-acti-
vation time is a key driver of overall door-to-balloon times [3] andmany
quality improvement initiatives have focused on the first part of this
process, door-to-ECG time. [4] But ECG-to-Activation (ETA) time,
which reflects emergency physician clinical decision-making, has been
neglected even within EDs. [5]

The diagnosis of acute coronary occlusion has been simplified into
ST-Elevation Myocardial Infarction (STEMI) criteria, often automated
by computer interpretation. But STEMI criteria miss a quarter of acute
coronary occlusions [6-10] and are associatedwith delayed reperfusion.
[11-13] Automated interpretation has high rates of error [14-16] and
can bias physician judgement. [17] In response to this, STEMI-
equivalent patterns [18-21] and rules for subtle occlusions [22-25]
have been identified. This has led to questioning the current STEMI
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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paradigm [26-28] and a proposed paradigm shift to Occlusion myocar-
dial infarction (OMI). [29-31] However, there is also a concern about un-
necessary cath lab activation for patientswithout culprit lesions. [32-36]
Therefore, there needs to be a fine balance when translating new ECG
insights to reduce diagnostic time for patients with acute coronary oc-
clusion without increasing cath lab activation for patients without
occlusion.

We have previously reported on a clinically significant but neglected
time interval: ECG-to-Activation (ETA) time, i.e. the time between the
first ED ECG and the time the cath lab is activated. [37] In our three-
year retrospective review of Code STEMI activations from the ED with
culprit lesions, approximately half of first ED ECGs were not labeled
“STEMI” by automated interpretation and a third did not meet STEMI
criteria.

But a further quarter had other diagnostic signs of occlusion includ-
ing STEMI-equivalents and subtle occlusions, which were rarely recog-
nized by automated interpretation and associated with significant
diagnostic time asmeasured by ETA time. This suggested that education
and feedback on the limits of automated interpretation and STEMI
criteria, as well as on new ECG insights into acute coronary occlusion,
could reduce ETA time.

In this study, we examined whether a QI initiative centered on
weekly web-based feedback to all emergency physicians could reduce
the ETA time (i.e. increasing sensitivity) without the unintended conse-
quence of increasing Code STEMI activationswithout culprit lesions (i.e.
decreasing specificity).

2. Methods

2.1. Study design, setting and population

This was a QI initiative on Code STEMI patients from the ED, and in-
cluded a one-year baseline period and a one-year intervention period. It
was part of an ongoing QI initiative aimed at improving the quality of
care of patients with suspected acute coronary occlusion in the ED.
We obtained Research Ethics Board exemption at our institution for
this initiative (waiver #18–0261), and followed the SQUIRE guidelines.

We collected data at two urban, academic centres that collectively
received 115,000 ED annual visits. There were 220 Code STEMIs per
year, of which 80 were from activated from the ED and the rest from
the field, other hospitals, or inpatient wards. The EDs were staffed by
80 attending emergency physicians, who directly activated Code
STEMIs and also had the option of a STAT cardiology consultation for
equivocal cases, after which cardiologists would activate the cath lab.

2.2. Intervention

The cath lab provided the database of all Code STEMI patients who
underwent emergent catheterization from January 2018 to December
2019. Patients were categorized as with or without a culprit lesion re-
quiring reperfusion, as determined by the interventional cardiologist.
We excluded Code STEMI patients from inpatient wards and direct
transfers from the field and other hospitals. We also excluded patients
who died before catheterization results.

In January 2019, the lead author gave a grand rounds presentation to
emergency physicians about unnecessary and delayed cath lab activa-
tions. The review of unnecessary cath lab activations included ECGs
from six local de-identified cases: an ECG erroneously labeled
“STEMI”, LV aneurysmmorphology, Brugadapattern, left ventricular hy-
pertrophy with repolarization abnormalities, left bundle branch block
without Sgarbossa/Smith criteria, and right bundle branch block with-
out ischemic changes. The rounds also presented 20 de-identified
cases and ECGs of our top 10 challenging decisions to activate the cath
lab: patients presenting with angina equivalents, dynamic changes on
ECG, subtle LAD occlusion, subtle inferior MI, posterior MI, first diagonal
occlusion, diffuse ST depression with ST elevation in aVR, Q waves from
19
acute MI, left bundle branch block with Sgarbossa/Smith criteria, right
bundle branchblockwith occlusionMI, and left ventricular hypertrophy
with occlusion MI. Each included one case with delayed cath lab activa-
tion and one case with rapid cath lab activation, along with insights
from the literature that can help diagnosis. All cases were posted to an
internal Wordpress blog, and we also distributed a review article on
new ECG insights on acute coronary occlusion, by Miranda et al. [38]

Following this initial educational intervention, a weekly audit and
collective feedback program ensued from January to November 2019.
The lead author curated and distributed a weekly blogpost to all attend-
ing emergency physicians (Appendix). Each post containedfive ECGs on
average and focused on a different theme. Posts included examples of
unnecessary or delayed activations and astute diagnoses from recent
local de-identified cases, highlights from the literature on STEMI-
equivalents and subtle occlusions, and take-home points. Because
cases were shared with the entire emergency physician group, only
the physicians who astutely diagnosed challenging cases (and not
those who contributed delayed or unnecessary activations) were
named and congratulated, in order to promote further engagement.

2.3. Measures

We used the ED triage sheet to obtain the age, sex, chief complaint,
method of arrival, and triage time for all Code STEMIs presenting to
the ED, and we reviewed charts to determine cardiac risk factors. We
obtained the first ED ECG from the chart, determined whether or not
it was labeled “STEMI” by the automated interpretation, and calculated
the door-to-ECG time (from triage time to time stamp on the first
ED ECG).

We reviewed charts of patients with culprit lesions to calculate the
ETA time (from the time stamp on the first ED ECG to the time a Code
STEMI was activated, as documented in the hospital call centre log).
We used ETA time because it is a reliable, objective measurement and
most closely reflects the diagnostic time of emergency physicians. We
also reviewed cath lab reports of patients with culprit lesions to record
the percentage of occlusion, which at our institution is more routinely
recorded than pre-procedure TIMI flow.

Our outcome measure was ETA time for culprit lesions. Our process
measure was website views/visits, as recorded by the Wordpress blog
circulated to emergency physicians. Our balancing measure was the
percentage of Code STEMIs without culprit lesion.

2.4. Data analysis

The analysis of demographics, cardiac risk factors, chief complaints,
method of arrival, ECGs labeled “STEMI”, and Code STEMIs used per-
centages, with baseline differences compared using Chi square. Median
ETA times were calculated in minutes and Code STEMIs without culprit
lesions used percentages, and confidence intervals were generated for
both. A run chart and all statistics were completed with QI Macros©
(Version 2018.04, KnowWare International Inc., Denver, CO, USA) and
Microsoft Excel© (Microsoft Corporation, Redmond, WA, USA, Version
14.5.9).

3. Results

The final analysis included 71 cath lab activations with 51 culprit le-
sions in the baseline period, and 80 cath lab activations with 64 culprit
lesions in the post-intervention period. Fig. 1 presents the flow diagram
of exclusion and inclusion criteria.

Table 1 compares the characteristics for all ED Code STEMI patients
in the baseline and intervention period. There were no differences in
age, cardiac risk factors, chief complaint, arrival by ambulance, Door-
to-ECG time, or percentage of first ED ECGs labeled “STEMI”. There
were relatively fewer men in the intervention period.



Fig. 1. Flow diagram of excluded and included patients.
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Our outcome measure, median ETA time for Code STEMI patients
with culprit lesions, decreased by 20 min—from 28.0 (95% confidence
interval [CI] 15.0–45.0) to 8.0 (95%CI 6.0–15.0). Table 2 presents the
comparison of culprit lesions between the baseline and intervention pe-
riods, with no differences found.

Fig. 2 presents the run chart of medianmonthly ETA time. It demon-
strates that the reduction in ETA time coincided with the start of the in-
tervention and achieved a lower median ETA time. A process change
was further noted by the change in the centerline.

The website was launched with 15 posts based on the grand rounds
presentation. This was followed by 40weekly posts from January to No-
vember. Regarding our process measures, the website garnered 2816
Table 1
Baseline data for emergency department Code STEMI patients.

Baseline,
n = 71 (%)

Intervention,
n = 80 (%)

p-value

Age, median (IQR) 64.0
(53.0–72.0)

64.0
(54.5–73.0)

Sex 61 (85.9%) male 61 (76.3%) male 0.01
Risk factors
- prior CAD 15 (21.1%) 12 (15.0%) 0.18
- diabetes 18 (25.4%) 25 (31.3%) 0.23
- hypertension 33 (46.5%) 40 (50%) 0.53
- dyslipidemia 21 (29.6%) 26 (32.5%) 0.57
- smoking 10 (14.1%) 15 (18.8%) 0.23

Chief complaint
- Cardiac arrest 5 (7.0%) 10 (12.5%) 0.06
- Chest pain 55 (77.7%) 55 (68.8%) 0.06
- Anginal equivalent 11 (15.5%) 15 (18.8%) 0.42

Arrival by ambulance 29 (40.8%) 36 (45.0%) 0.50
ECG-to-Activation time, median
(IQR)

9.0 (0–21.0) 10.0 (0–21.5)

First ED ECG labeled “STEMI” 35 (49.3%) 39 (48.8%) 0.92

STEMI, ST-ElevationMyocardial Infarction; IQR, inter-quartile range; CAD, coronary artery
disease; ED, emergency department.
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views (70.4/week) and 1107 unique visitors (27.7/week). This was in
a group of 80 physicians, i.e. approximately a third of the group each
week. Fig. 3 demonstrates the website views and unique visitors. The
most common reasons for improved ECG diagnosis of acute coronary
occlusion was subtle LAD occlusion (e.g. borderline anterior ST eleva-
tion with convex ST segments, hyperacute T waves or reciprocal
changes), subtle inferior MI (minor inferior ST elevation with reciprocal
ST depression in aVL), and posterior MI (anterior ST depression with
minor posterior ST elevation). End each of these was reinforced in mul-
tiple blog posts.

For our balancingmeasure, therewas no change in the percentage of
Code STEMIs without culprit lesions: baseline of 28.2% (95% confidence
interval [CI] 17.8 to 38.6) and 20.0% (95%CI 11.2 to 28.8) during the in-
tervention period.
4. Discussion

Our strategy of using education and weekly web-based feedback to
all emergency physicians was associated with a reduction in ETA time
by 20 min, which is a clinically significant value. [39-43] This was ac-
complished without increasing the percentage of Code STEMIs without
culprit lesions. This demonstrates how ETA time can be used as ametric
to guide quality improvement specific to emergency physicians, and
Table 2
Comparison of culprit lesions

Degree of
occlusion (%)

Baseline (51 patients)
n (%)

Intervention (64 patients)
n (%)

p-value

100 28 (54.9%) 32 (50%) 0.43
99 8 (15.7%) 8 (12.5%) 0.48
95 7 (13.7%) 11 (17.2%) 0.42
90 6 (11.8%) 9 (14.1%) 0.57
<90 2 (3.9%) 4 (6.3%) 0.34



Fig. 2. ECG-to-Activation time.
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how audit and feedback on new ECG insights can be implemented lo-
cally to reduce reperfusion delay without increasing unnecessary cath
lab activation.

In the baseline group 54.9% of culprit lesions had 100% occlusion,
corresponding to TIMI 0 flow, which is similar to other studies
[44-46]. There was no difference in the intervention group in terms of
the percentage of patients with total or subtotal (99%) occlusions. This
suggests that the intervention did not broaden cath lab activation to
“NSTEMI” with non-occlusive culprit lesions (Non-Occlusive MI), but
maintained a focus on those with occlusive MI. In other words, cath
lab activation was both faster and accurate, which we posit is related
to improved ECG interpretation based on our intervention.

Audit and feedback has been recognized as a strategy to reduce de-
lays to reperfusion [47,48] and added to AHA/ACC STEMI guidelines.
[2] But audit and feedback initiatives, either as part of multiple strate-
gies [49-54] or in isolation [55-58] have restricted themselves to classic
STEMI criteria, provided feedback to the entire healthcare team, and fo-
cused on overall door-to-balloon times. Our study was novel in that it
directed feedback exclusively to emergency physicians as a group, pro-
vided education beyond classic STEMI criteria to include newer ECG
Fig. 3.Website views and un
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insights into acute coronary occlusion, and assessed ETA time as the
quality metric.

Standardization and automation arehigher on the hierarchy of inter-
vention effectiveness than feedback and education. [59] But given that
standard STEMI criteria miss a quarter of acute coronary occlusions [8]
and automated interpretation has been shown to be inaccurate, [16]
education and feedback must assume greater importance. A recent
meta-analysis of physician ECG interpretation found suboptimal
accuracy across all practice levels, and suggested novel education strat-
egies. [60] This is especially important for the time-sensitive diagnosis
of acute coronary occlusion. Given our context of a diverse group of 80
ED physicians who only activate the cath lab approximately 80 times a
year, individual feedback may only happen on an annual basis. This is
too infrequent to be meaningful. Instead, this project shared all chal-
lenging cases with all ED physicians to learn from each other's cases, in-
cluding rapid and delayed diagnosis in addition to unnecessary cath lab
activation.

Despite the existence of well-known websites for ECG education
which inspired this project (ECG Weekly: https://ecgweekly.com; Dr.
Smith's ECG Blog: http://hqmeded-ecg.blogspot.com), interest in our
ique visitors over time.

https://ecgweekly.com
http://hqmeded-ecg.blogspot.com
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own website was maintained throughout the intervention period in
part because it used local cases, and it coincided with reduced ETA
times. These ECG cases are now being shared on an emergency medi-
cine website (ECG Cases: https://emergencymedicinecases.com/blogs/
ecg-cases/) as Free Open Access Medical Education.

4.1. Study limitations

Theremay have been unmeasured clinical variables that contributed
to the reduction in ETA time. Additionally, ETA time improvement may
also have been affected by the Hawthorne effect, as passive observation
can reduce door-to-balloon time [64]. However, the sustained engage-
ment with the website and the improved speed and accuracy of cath
lab activation, without increasing unnecessary cath lab activations, sug-
gests the intervention played a positive role.

Our intervention may have been associated with a change in the
type of culprit lesion, as we analyzed percentage of occlusion rather
than flow. Occlusion MI is defined as occlusion or near occlusion of a
major coronary artery with insufficient collateral circulation, and it is
measured as TIMI 0–2 flow [31]. As this metric is not routinely recorded
in our institution's cath lab reports, it is possible that our intervention
was associated with a shift to more non-occlusive culprit lesions. How-
ever, there was no difference in the percentage of culprit lesions with
100% occlusion (corresponding to TIMI 0 flow) and no difference in
the percentage with subtotal occlusion, the two groups which consti-
tuted the majority of cases and which are the culprit lesions of greatest
concern.

Potential limitations to generalizability include the time and effort to
review cath lab activations and curate collective feedback alongwith lit-
erature, or interest in new ECG insights outside of academic centres. On
thewhole, however, this projectmade use of resources readily available
to any ED.

5. Conclusions

Our QI initiative using weekly ECG audit and feedback was associ-
ated with a reduction in ETA time of 20 min for Code STEMI patients
22
with culprit lesions, without increasing the percentage of Code STEMIs
without culprit lesions. Reviewing local ETA times and providing
group feedback on ECG interpretation including STEMI-equivalents
and subtle occlusions could be expanded to other settings and may
help set new standards of care.
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Appendix A. Example of weekly blog post shared with emergency physicians

A.1. Acute coronary occlusion with “normal” ECG

The following five patients presented with ischemic symptoms and an ECG labeled “normal” by automated interpretation.
Case 1: 50yo with 3 h of mid-sternal squeezing chest pain and diaphoresis

https://emergencymedicinecases.com/blogs/ecg-cases/
https://emergencymedicinecases.com/blogs/ecg-cases/
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Case 2: 70yo with 90 min of exertional chest pain and nausea
Case 3: 70yo with 6 h on/off chest tightness, now constant. Old then new ECG
23
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Case 4: 75yo with one day chest pain radiating to bilateral shoulders. Old then new ECG
24
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Case 5: 55yo prior RCA stent with 30 min chest pain. Old then new ECG
25
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A.2. ECGs labeled “normal” by automated interpretation

Automated interpretation has high rates of error for detecting ischemia, up to 42% for STEMI [61]. But what about those ECGs read as “normal”? A
2017 study concluded that “triage ECGs identified by the computer as normal are unlikely to have clinical significance thatwould change triage care.
Eliminating physician review of triage ECGs with a computer interpretation of normal may be a safe way to improve patient care by decreasing phy-
sician interruptions” [62]. But this was based on only 4 months of triage ECGs collected at a single centre with a low incidence of STEMI.

A critical response explained both the shortcomings of the study, and a different approach to “normal” ECGs: “Using non-blinded expert review
rather than outcome as a reference standard precludes any meaningful conclusion about triage ECGs…A sample size of 855 has no chance of gener-
ating a meaningful conclusion about the reliability of computer ‘Normal.’…Physicians should take steps to develop their skills in detecting subtle
signs of myocardial ischemia, and computerized interpretation algorithms should state ‘No abnormalities detected’ rather than ‘Normal ECG’” [63].
A.3. Back to the cases

Case 1: ischemic morphology
NSR, normal conduction/axis/R wave, no hypertrophy. No ST segment elevation or depression, but there is terminal T-wave inversion in aVL and
reciprocal down-up T waves in III/III/aVF, and inverted U wave in V2–3. The physician was concerned about these and asked for a repeat ECG:
Now there is ST elevation in V1–2 and aVL, a deeper Q wave in aVL and new Q wave in V2, and ST depression inferolaterally. Code STEMI called:
95% proximal LAD occlusion, peak troponin I = 12,000. ETA 60 min.
26



J.T.T. McLaren, A.K. Taher, M. Kapoor et al. American Journal of Emergency Medicine 48 (2021) 18–32
Case 2: subtle LAD occlusion
NSR, normal conduction/axis, no hypertrophy. There is 1–2 mm concave ST elevation in V2–3 which could be normal, but there are a number is-
chemic changes: reverse R wave progression from V2 to V3, Q wave in V2, terminal QRS distortion (no S wave or J wave) in V2, hyperacute T waves
(relative to their preceding QRS) in V2–3, and inferior reciprocal changes. When Trop I came back at 100, a repeat ECG was done:
Now there is a full QS wave in V2. Code STEMI called: 100% mid-LAD occlusion. Peak trop I = 8000. ETA 116 min.
27
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Case 3: ST/T changes compared to prior
There's mild concave ST elevation in lead V2–3which doesn't meet STEMI criteria. But this is new compared to previous, alongwith hyperacute T
waves in V2–3 and mild ST depression laterally. When troponin I came back at 600, the cath lab was activated: 100% distal LAD occlusion, peak trop
50,000. ETA 78 min.
28
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Patient 4: ST elevation relative to the QRS
There's barely 1mmof ST elevation in aVL only (no STEMI criteria), but this is large compared to its small QRS complex, and there'smild reciprocal
ST depression inferiorly, and pseudonormalized ST segment in V3. Concerned about the patient's symptoms and the new ischemic changes, the phy-
sician activated the cath lab: 99% occlusion of first obtuse marginal branch of circumflex. First troponin I negative, peak 13,000. ETA 26 min.
29
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Case 5: pseudonormalization
NSR, normal conduction/axis, R wave, no hypertrophy. There's an old Qwave from the prior MI. But there is nowmild ST elevation in III/AVFwith
reciprocal ST depression in aVL (which is very sensitive for inferior MI), the inverted T waves in III/aVF are now upright (pseudonormalization), and
there is relative ST depression (pseudonormalization) in V2—all concerning for inferoposteriorMI. Cath lab activated: 100% RCA stent occlusion, peak
Troponin = 8000. ETA 15 min.

Take-home points

Never trust the ECG computer interpretation, even if it says “normal,” because:

1. ischemicmorphology: the computer focuses on ST segment elevation, and canmiss ischemic ST-Twavemorphology—including straight or convex
ST segments, terminal T wave inversion, down-up T waves, hyperacute T waves, and inverted U waves

2. dynamic change: the computer interprets each ECG in isolation, and can't compare to prior or repeat ECGs (which is critical in a dynamic process
like coronary occlusion)—so it can miss subtle changes, including pseudonormalization of ST segments or T waves

3. STEMI criteria: computer interpretation is based on STEMI criteria, which has limited sensitivity for identifying acute coronary occlusion—so it can
miss subtle ST elevation (which may be significant in small amplitude QRS complexes), ST depression in aVL (which is very sensitive for inferior
MI), and subtle signs of LAD occlusion like terminal QRS distortion.
30
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