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ABSTRACT

Objective: The American Heart Association (AHA) recom-

mends a benchmark door-to-electrocardiogram (ECG) time

of 10 minutes for acute myocardial infarction patients, but

this is based on expert opinion (level of evidence C). We

sought to establish an evidence-based benchmark door-to-

ECG time.

Methods: This retrospective cohort study used a population-

based sample of patients who suffered an ST elevation

myocardial infarction (STEMI) in Ontario between 1999 and

2001. Using cubic smoothing splines, we described (1) the

relationship between door-to-ECG time and ECG-to-needle

time and (2) the proportion of STEMI patients who met the

benchmark door-to-needle time of 30 minutes based on their

door-to-ECG time. We hypothesized nonlinear relationships

and sought to identify an inflection point in the latter curve

that would define the most efficient (benefit the greatest

number of patients) door-to-ECG time.

Results: In 2,961 STEMI patients, the median door-to-ECG

and ECG-to-needle times were 8.0 and 27.0 minutes,

respectively. There was a linear increase in ECG-to-needle

time as the door-to-ECG time increased, up to approximately

30 minutes, after which the ECG-to-needle time remained

constant at 53 minutes. The inflection point in the probability

of achieving the benchmark door-to-needle time occurred at

4 minutes, after which it decreased linearly, with every

minute of door-to-ECG time decreasing the average prob-

ability of achievement by 2.2%.

Conclusions: Hospitals that are not meeting benchmark

reperfusion times may improve performance by decreasing

door-to-ECG times, even if they are meeting the current

AHA benchmark door-to-ECG time. The highest probability

of meeting the reperfusion target time for fibrinolytic

administration is associated with a door-to-ECG time of 4

minutes or less.

RÉSUMÉ

Objectif: L’American Heart Association (AHA) recommande

un délai de 10 minutes depuis l’arrivée du patient jusqu’à

l’électrocardiogramme (délai « entre l’arrivée et l’ECG ») dans

les cas d’infarctus aigu du myocarde (IAM), mais cette

recommandation est basée sur l’opinion d’experts (niveau

de preuve « C »). Nous avons cherché à établir un délai «

entre l’arrivée et l’ECG » fondé sur les données probantes.

Méthode: Nous avons réalisé une étude de cohorte rétro-

spective auprès d’un échantillon représentatif de patients

ayant subi un infarctus du myocarde avec sus-décalage du

segment ST (STEMI) en Ontario entre 1999 et 2001. Nous

avons utilisé des splines cubiques de lissage pour décrire (1)

la relation entre le délai « entre l’arrivée et l’ECG » et « entre

l’ECG et l’injection » et (2) la proportion de patients

présentant un STEMI traités dans un délai de 30 minutes «

entre l’arrivée et l’injection » selon leur délai « entre l’arrivée

et l’ECG ». Nous avons émis des hypothèses de relations non

linéaires et cherché à déterminer le point d’inflexion dans la

courbe de probabilité définissant le délai « entre l’arrivée et

l’ECG » le plus efficace (c’est-à-dire bénéficiant le plus grand

nombre de patients).

Résultats: Chez 2 961 patients présentant un STEMI, les

délais médians « entre l’arrivée et l’ECG » et « entre l’ECG et

l’injection » étaient de 8,0 et de 27,0 minutes, respective-

ment. On rapporte une augmentation linéaire du délai « entre

l’ECG et l’injection » avec l’augmentation du délai « entre

l’arrivée et l’ECG », jusqu’à environ 30 minutes, après quoi le

délai « entre l’ECG et l’injection » demeurait constant à 53

minutes. Le point d’inflexion de la probabilité d’atteindre le
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délai de référence « entre l’arrivée et l’injection » se situait à 4

minutes. Passé ce point, il diminuait de façon linéaire,

chaque minute de réduction du délai « entre l’arrivée et

l’ECG » réduisant la probabilité moyenne de réussite de

2,2 %.

Conclusion: Les hôpitaux qui n’atteignent pas les délais de

reperfusion peuvent améliorer les résultats en diminuant les

délais « entre l’arrivée et l’ECG », même s’ils atteignent le

délai actuel « entre l’arrivée et l’ECG » recommandé par

l’AHA. La plus forte probabilité d’atteindre le délai ciblé de

reperfusion pour la fibrinolyse est associée à un délai « entre

l’arrivée et l’ECG » de 4 minutes ou moins.

Keywords: acute myocardial infarction, benchmark times,

door-to-electrocardiogram, emergency department, fibrinolysis

Coronary artery disease remains the leading cause of
death in Canada1 and the United States,2 and chest pain
is the second most common reason to present to an
emergency department (ED), with 6 million visits
annually in the United States.3 The American Heart
Association (AHA) recommends that patients present-
ing with chest discomfort or chest pain equivalent
receive an electrocardiogram (ECG) within 10 minutes
of ED arrival.4,5 Less than 10% of ED visits for chest
pain ultimately prove to be an acute myocardial
infarction (AMI),6,7 and to identify AMI patients among
all the patients with chest pain (and the 33% of AMI
patients who present without chest pain8), a very large
number of patients must receive an ECG within 10
minutes of arrival. Given the high prevalence of ED
crowding in the Western world,9–11 diverting resources
to care for one group of patients, such as potential AMI
patients, may occur at the expense of other groups.
Thus, it is imperative that recommended benchmarks
are evidence based and as efficient as possible.

The benchmark door-to-ECG time of 10 minutes is
based on expert opinion (level of evidence C).3 The
goal underlying the acquisition of an early ECG is to
provide proven therapies to AMI patients in a timely
way to reduce subsequent morbidity and mortality.12,13

Currently, only approximately half of AMI patients
receive reperfusion therapies within the benchmark
times.14–16 We hypothesized that the relationship
between door-to-ECG time and ECG-to-needle time
is nonlinear; that is, patients whose initial ECG is
delayed may have an even longer delay before
definitive treatment owing to multiple, possibly
additive factors. The initial impression of a lower
acuity illness may be pervasive and protracted: we
hypothesized that a delay in acquisition of the initial
ECG is associated with further delays before reperfu-
sion therapy is administered owing to the complex
nature of the ED system of care and the variable
presentation of AMIs. To our knowledge, no study has
looked at the relationship between the door-to-ECG

time and ECG-to-needle time. Furthermore, if the
relationship is nonlinear, a critical threshold in door-
to-ECG time may exist, after which far fewer patients
meet the AHA benchmark time to reperfusion.

The primary objectives of this study were the
following: (1) to describe the relationship between
door-to-ECG time and ECG-to-needle time and (2)
to estimate the proportion of patients who meet the
benchmark door-to-needle time based on their door-to-
ECG time, with the goal of defining the most efficient
benchmark door-to-ECG time. Our secondary objec-
tive was to examine whether the door-to-ECG time has
an independent effect on ECG-to-needle time.

METHODS

Study Design

This is retrospective cohort study using a population-
based sample of ST elevation myocardial infarction
(STEMI) patients in the province of Ontario for the
period of April 1999 to March 2001. Ethics approval
was obtained from the Institute for Clinical Evaluative
Sciences (ICES).

Data Sources

The Enhanced Feedback for Effective Cardiac
Treatment (EFFECT) study contains a population-
based sample of AMI patients from the pro-
vince of Ontario. It has been described in detail
elsewhere.17,18 It includes clinical data from retrospective
chart reviews of 11,510 AMI patients discharged from
103 acute care hospitals in Ontario from April 1999 to
March 2001. All but one of the 85 eligible hospital
corporations in Ontario that treated 30 or more AMI
patients per year agreed to participate. Chart reviews
were performed by trained nurse abstractors using a
standardized data collection instrument (data were
entered directly into notebook computers using an
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EFFECT Microsoft Access application) on up to 125
randomly selected AMI patients per hospital or all AMI
patients at that hospital if there were fewer than 125.
Prespecified chart review rules were delineated in a
detailed EFFECT chart abstraction operations manual
that each nurse was given. Interrater reliability was
assessed in 5% of charts and demonstrated high
reliability for all of the indicators assessed by
EFFECT.19 Income quintile was derived from census
data.

Inclusion and Exclusion Criteria

The inclusion and exclusion criteria of EFFECT
patients, as well as the rationale for them, are described
elsewhere.20 In brief, EFFECT includes Ontario
residents between the ages of 20 and 105 years with
a valid Ontario Health Card number who were
admitted to an acute care hospital with a ‘‘most
responsible diagnosis’’ of AMI (defined in the
Canadian Institutes of Health Information Discharge
Abstract Database as the diagnosis responsible for the
greatest portion of the patient’s length of stay in
hospital). The diagnosis of AMI was confirmed using
the European Society of Cardiology/American College
of Cardiology clinical criteria of AMI, which include
the presence of any two of the following: ECG
changes, symptoms, and positive enzymes.21 Patients
were excluded if the AMI was an in-hospital complica-
tion. Patients who were transferred to a second site
were counted only once based on their first ED of
admission. In the current study, only STEMI patients
were included; patients with a nondiagnostic initial
ECG (for STEMI) were excluded, as were patients
whose initial therapy was percutaneous coronary
intervention (PCI) (because relatively few patients in
EFFECT had primary PCI).17,18

Outcome Measures

Primary outcome measures were the following: (1) the
relationship between door-to-ECG time and ECG-to-
needle time and (2) proportion of patients who met the
benchmark door-to-needle time for every minute of
door-to-ECG time. Door-to-ECG time was defined as
the interval between the time of arrival at the ED and
the time of the initial ECG. ECG-to-needle time was
the interval between the time of the initial ECG and the
time when the fibrinolysis infusion was started. The
time of arrival in the ED was defined in EFFECT as the

time the patient was seen by a triage nurse in the ED
(triage occurs before registration in Canada, as in
the United States); the time of the initial ECG was
taken from the ECG, which uses a clock internal to the
ECG machine. The time of fibrinolysis infusion was
taken from the ED chart. A STEMI was defined as
either $ 1 mm ST-segment elevation in two contiguous
ECG leads or a new (not known to be old) left bundle
branch block (BBB) with concurrent chest pain.4

Predictor Variables

In the secondary analysis, the predictor variable of
interest was door-to-ECG time. Seventeen covariants
that could be potential confounders in the relationship
between door-to-ECG time and ECG-to-needle time
were included in the regression model. These included
patient demographics (age, sex, socioeconomic
status from median neighbourhood household income),
clinical features on arrival (systolic blood pressure, heart
rate, respiratory rate, shortness of breath, cardiac arrest
or shock, pulmonary edema), hospital factors (type of
hospital, yearly ED AMI volumes, presence of a
catheterization laboratory on site), and contextual
factors (location of fibrinolysis, BBB or paced rhythm
on initial ECG, arrival by ambulance, arrival time of
day, and day of week). Cardiac arrest was documented if
it occurred in the 6 hours prior to or 10 minutes after
arrival in the ED, as documented by a physician. The
type of hospital was documented as a teaching hospital
or not, and the location of fibrinolysis was ED or other
(cardiac care unit or ward). The mode of arrival was
either by ambulance or ambulatory.

Data Analyses

To describe the relationship between door-to-ECG
time and ECG-to-needle time, we used cubic
smoothing splines with five knots to model the
relationship between door-to-ECG time (on the x-
axis) and ECG-to-needle time (on the y-axis), given
that we did not expect the relationship to be linear.
The location of the knots was determined using the
criteria of Herndon and Harrell.22 Next, we used
logistic regression to determine the relationship
between door-to-ECG time and the probability of
meeting the AHA benchmark door-to-needle time of
30 minutes; this analysis was restricted to subjects
with a door-to-ECG time up to 29 minutes (after
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which it would be impossible to meet the 30-minute
benchmark door-to-needle time). In this model, the
effect of door-to-ECG time was modeled using cubic
smoothing splines as above. We plotted the model-
derived predicted probabilities of meeting the door-
to-needle benchmark time of 30 minutes against the
door-to-ECG time, which allowed us to identify an
inflection point, or the point of greatest change in the
slope of the curve. This point represents a door-to-
ECG time after which the number of patients who
meet the benchmark door-to-needle time rapidly
declines.

To meet the secondary objective, the independent
effect of door-to-ECG time on ECG-to-needle time
was assessed using quantile regression modeling.23

Quantile regression models the effect of the predictor
variables on the median of the dependent variable
instead of the mean. Quantile regression is particularly
suited to distributions that are susceptible to being
skewed. In this study, we modeled the effect of the
door-to-ECG time and 21 covariants on the median
ECG-to-needle time. Bootstrap resampling was used
to estimate standard errors and confidence intervals.
Quantile regression was performed with Stata software
version 9 (StataCorp, College Station, TX), whereas all
other analyses were done with SAS software version 9.1
(SAS Institute Inc., Cary, NC).

RESULTS

There were 2,961 STEMI patients with a diagnostic
initial ECG and a door-to-ECG and door-to-needle time
during the study time period. The mean age was 62.7
years (SD 6 13.1 years), and 70.9% were male (Table 1).
The median door-to-ECG time of the cohort was 8.0
minutes (IQR 4.0–15.0 minutes). The median door-to-
needle time was 39.0 minutes (IQR 25.0–66.0 minutes).
The median ECG-to-needle time was 27.0 minutes (IQR
16.0–50.0 minutes). The 30-day mortality rate was 8.0%
(95% CI 7.1–9.0).

The relationship between door-to-ECG time and
ECG-to-needle time is shown in Figure 1. The
smoothed line shows a gradual increase in ECG-to-
needle time as the door-to-ECG time increases:
from 0 to 15 to 30 minutes, the ECG-to-needle time
increases from 38 to 47 to 52K minutes, respec-
tively. The slope flattens for door-to-ECG times
greater than 30 minutes: ECG-to-needle time
remains constant at about 53 minutes, as shown in
Figure 2.

Table 1. Baseline characteristics of the study cohort, 2,961 ST
elevation myocardial infarction (STEMI) patients

Characteristic n (%)

Patient demographics

Mean age 6 SD, yr 62.7 6 13.1

Male (4 patients unknown) 2,097 (70.9)

Income quintile (28 patients unknown)

1 557 (19.4)

2 620 (21.5)

3 594 (20.6)

4 600 (20.8)

5 508 (17.7)

Presenting clinical examination factors

Systolic blood pressure, mean (SD) 143 (33)

Heart rate, mean (SD) 76 (21)

Respiratory rate, mean (SD) 20 (5)

Shortness of breath 598 (20.2)

Cardiac arrest or shock 143 (4.8)

Acute pulmonary edema 79 (2.7)

Past medical history

Hypertension 1,153 (38.9)

Diabetes mellitus 538 (18.2)

Hypercholesterolemia 915 (30.9)

Smoking 1,304 (44.0)

Coronary artery disease 874 (29.5)

Percutaneous coronary intervention/CABG 157 (5.3)

Congestive heart failure 47 (1.6)

Contextual factors

Arrival by ambulance 1,310 (44.2)

Time of day

Day (08:00–16:00) 1,270 (42.9)

Evening (16:01–00:00) 934 (31.5)

Night (00:01–08:00) 787 (25.6)

Day of week

Weekend 891 (30.1)

Lytic administerd in ED 2,460 (83.1)

Lytic administerd by emergency physician 1,954 (66.0)

Hospital factors

Hospital type

Teaching (12 sites) 280 (9.5)

Community (78 sites) 2,443 (82.5)

Small (12 sites) 238 (8.0)

Catheterization hospital (12 sites) 148 (5.0)

ED AMI volume*

Very low (7 sites) 115 (3.9)

Low (21 sites) 586 (19.8)

Moderate (17 sites) 585 (19.7)

High (15 sites) 414 (14.0)

Very high (42 sites) 1,261 (42.6)

AMI 5 acute myocardial infarction (*very low , 50/year; low 51–100/year; moderate

101–200/year, high 201–300/year; very high 301+/year); CABG 5 coronary artery bypass

graft; ED 5 emergency department.
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The probability of meeting the benchmark door-
to-needle time of 30 minutes, for a given door-to-
ECG time, is shown in Figure 3. If the initial ECG
was completed within 0 to 4 minutes, the predicted
probability of achieving the benchmark door-to-
needle time was relatively constant at approximately
60%. Then the predicted probability decreased in a
relatively linear fashion: an inflection point occurred
at 4 minutes. Beyond this door-to-ECG time, the
chances of meeting the benchmark door-to-needle
time decreased to 36% (95% CI 33–40) by a door-to-
ECG time of 10 minutes, to 24% (95% CI 21–28) at
15 minutes, and to 12% (95% CI 9–16) at 20 minutes.
For each minute increase in door-to-ECG time, the
average decrease in the probability of meeting the
benchmark door-to-needle time dropped by 2.2%.

In the secondary analysis, the adjusted effect of
door-to-ECG time on median ECG-to-needle time
was statistically, but not clinically, significant. For
every minute increase in door-to-ECG time, the
median ECG-to-needle time increased by 4.8 seconds

(p 5 0.025). Other statistically significant independent
predictors of an increased median ECG-to-needle time
are shown in Figure 4 and included older age,
overnight arrival time, a nondiagnostic rhythm (paced
or BBB on ECG), fibrinolysis performed outside the
ED (ie, in the cardiac care unit or ward), and decision
to thrombolyse made by the consultant. Male sex, a
higher income quintile, presenting in cardiac arrest or
shock, arrival by ambulance, and being seen at a higher
ED AMI volume centre were associated with signifi-
cantly shorter ECG-to-needle times.

DISCUSSION

In contrast to our study hypothesis, we found that the
time between the initial ECG and fibrinolysis increased
gradually and linearly until door-to-ECG times of about
30 minutes and then remained essentially constant at
approximately 53 minutes for longer door-to-ECG
times. Thus, there is a linear, incremental benefit to
door-to-ECG times of 30 minutes or less in terms of

Figure 1. Relationship between door-to-electrocardiogram (ECG) time (0–30 minutes) and ECG-to-needle time with 95% CIs for
door-to-ECG times up to 30 minutes, using cubic smoothing splines with five knots.
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minutes saved in ECG-to-needle time. After 30 minutes,
fibrinolysis occurs within a relatively constant time
period. In addition, we found that the proportion of
patients who met the AHA benchmark door-to-needle
time decreased in a relatively linear fashion after the
initial 3 to 4 minutes of door-to-ECG time. The
inflection point in the curve occurred at 4 minutes, a
target that may not be feasible for all hospitals. Although
4 minutes may represent an ideal door-to-ECG time, it
may be more realistic to emphasize that the sooner the
initial ECG is done, the better a patient’s chances of
receiving fibrinolysis within the benchmark time. It also
suggests that hospitals not meeting the benchmark
reperfusion times should focus on further reducing their
door-to-ECG times even if they routinely meet the
10-minute door-to-ECG time benchmark.

Achieving an ambitious target door-to-ECG time of
4 minutes may be possible through two means: the
implementation of triage ECGs or ECGs performed
during the ED triage assessment (the patient’s first point
of contact in the ED) and prehospital ECGs (for those

who arrive by ambulance). Triage ECGs have been used
at many academic hospitals in the last decade24 and are
likely the only feasible method to achieve door-to-ECG
times of 4 minutes. There are limited data on the utility
of triage ECGs: one study surveyed 365 US hospitals and
found that having written criteria for obtaining an
immediate ED ECG and a dedicated ECG triage space
was not independently associated with shorter door-to-
balloon times.24 Another multicentre study assessed the
impact of hospital use of triage ECGs on rates of low-
acuity ED triage of AMI patients and also found no
association.25 At the patient level, a single-centre study
found that performing a triage ECG on patients with one
of five presenting complaints decreased mean door-to-
ECG times by 4 minutes (from 10 minutes to 6 minutes)
and door-to-needle times by 11 minutes. However, this
was at the cost of performing 1% more ECGs in all ED
patients (from 6.3 to 7.3%).26 We noted that in crowded
EDs, triage ECGs may further delay the triage of other
patients, particularly if they require time for the triage
nurse to show the ECG to the physician. Like cardiac

Figure 2. Relationship between door-to-electrocardiogram (ECG) time (0–120 minutes) and ECG-to-needle time with 95% CIs
for door-to-ECG times up to 30 minutes, using cubic smoothing splines with five knots.

Atzema et al

84 2011;13(2) CJEM N JCMU

https://doi.org/10.2310/8000.2011.110261 Published online by Cambridge University Press

https://doi.org/10.2310/8000.2011.110261


care unit nurses, triage nurses could be trained to
interpret ECGs,27 and computerized ECG readings have
been used in the prehospital setting, with a high
specificity of STEMI detection.28,29 Further research is
needed to elucidate the benefits and drawbacks of triage
ECGs; however, they are one potential solution to
gaining further reductions in door-to-ECG times,
particularly for a very early target such as 4 minutes.

Prehospital ECGs have been recommended by the
AHA because they decrease reperfusion times,30 but
only about half of AMI patients arrive by ambulance.31

Research into improving the rate at which AMI
patients call for an ambulance has been extensive but
unsuccessful; thus, the utility of the prehospital ECG
applies to only one half of AMI patients. Although one
survey found that 90% of US emergency medical
systems (EMSs) have ECG equipment,32 the use of
prehospital ECGs has been patchy across the United
States and Canada33: less than 10% of STEMI patients
receive a prehospital ECG.31 Diagnostic quality
prehospital ECGs increase on-scene time by an

average of 5 to 6 minutes,30 similar to the target
door-to-ECG time derived in this study. It is likely
that as more EMSs adopt an integrated system of care
for STEMI patients with regional hospitals, more
patients will meet this target. For the other half of
AMI patients who do not call an ambulance, the ED
must be the focus of shorter times to initial ECG
acquisition.

In our secondary analyses, we found that the adjusted
door-to-ECG time did not have a clinically significant
effect on the ECG-to-needle time. Instead, a variety of
other variables affected the length of time between
completion of the initial ECG and initiation of reperfu-
sion. Although previous studies have not assessed the
specific time period between ECG and fibrinolysis, there
is substantial research on predictors of door-to-needle
time (arrival to fibrinolysis). Previous research has shown
that older age delays fibrinolysis,34–36 consistent with our
findings; this may be due in part to less clear symptom
presentation and perhaps because clinicians are reluctant
to thrombolyse a group with higher bleeding risks. In our

Figure 3. Predicted probability of meeting benchmark door-to-needle time (of 30 minutes) with 95% CIs, based on door-to-
electrocardiogram (ECG) time.
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study, females had a longer delay between ECG and
fibrinolysis, consistent with previous results34,36 and likely
due in part to atypical symptom presentation. Arriving in
the early morning hours also produced a slight delay in
ECG-to-needle time, perhaps owing to lower staffing
levels. This was not found in the US study by Magid and

colleagues, in which time to fibrinolysis was not affected
by time of day.37 The location and staff performing
fibrinolysis delayed ECG-to-needle time, consistent with
other studies of door-to-needle time,35,38,39 and a non-
diagnostic rhythm on ECG (a BBB or a paced rhythm)
also delayed the decision to thrombolyse,34 presumably as

Figure 4. Quantile regression analysis of predictors of electrocardiogram (ECG)-to-needle time, independent effect in minutes,
with 95% CIs. AMI 5 acute myocardial infarction; BBB 5 bundle branch block; bpm 5 beats per minute; CCU 5 cardiac care
unit; ED 5 emergency department; EP 5 emergency physician; SBP 5 systolic blood pressure. £ 5 relative to lowest income
quintile group; 1 5 relative to arrival time of 08:01–12:00; b 5 relative to lowest ED AMI volume group, , 50 AMI patients seen
per year.
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the clinician looks for a comparison ECG. Higher ED
AMI volume centres had shorter ECG-to-needle times,
consistent with another study.34 Interestingly, in our
previous work, we found that although higher ED AMI
volumes were associated with a higher rate of high-acuity
(appropriate) ED triage of AMI patients,40 they were also
associated with longer door-to-ECG times,25 and this
study found that these centres are associated with shorter
ECG-to-needle times.25 This suggests that in high–AMI
volume centres, AMI patients are given appropriate high-
acuity ED triage scores on arrival but often wait to
receive their initial ECG, perhaps owing to higher levels
of ED crowding.11 Once the ECG is completed, however,
the time to reperfusion is better than at lower-volume
centres, presumably because a proficient system is in
place for achieving this step.

LIMITATIONS

Our results are limited by the age of the data as the
patients were thrombolysed in 1999 to 2001; however,
the results of several studies with data from 1999 to
2006 suggest that there is no trend of improved door-to-
ECG times.24,41,42 A study of 68,439 STEMI patients at
over 1,000 US hospitals found no statistically significant
improvement in door-to-needle times from 1999 to
2002,43 whereas a more recent analysis of the National
Registry of Myocardial Infarction showed that median
door-to-needle times had improved to 29 minutes in
2006,15 10 minutes less than the 39 minutes found in this
study. STEMI patients in the Global Registry of Acute
Coronary Events (GRACE) registry had slightly im-
proved median door-to-needle times between 1999 and
2006, from 40 to 34 minutes, although 52% still had a
door-to-needle time of greater than 30 minutes in
2006.14 Even with some improvement in door-to-needle
times, it is unlikely to have significantly altered the
relationship between door-to-ECG time and door-to-
needle time.

In recent years, reperfusion therapy has shifted from
fibrinolysis to PCI,14 yet between 60 and 70% of AMI
patients in the United States present to hospitals
without ready access to PCI,44 and in Canada, far more
patients are treated with fibrinolysis than with PCI.45

Thus, studies of fibrinolysis are still very relevant to
current clinical care. As well, regardless of the
reperfusion modality, the steps preceding it are the
same, including acquisition of an ECG. Thus, we
believe that the results of this study likely apply to

STEMI patients who receive PCI as well, although the
magnitude of the effect likely differs.

At the time of data collection, only one site was
completing prehospital ECGs (which were subse-
quently removed from the analysis), and no sites were
performing prehospital fibrinolysis; therefore, the
results of this study would not apply to systems that
use these techniques. Another limitation was retro-
spective data collection, with some of the inherent
limitations of chart review. However, rigorous training
of nurse chart abstractors, standardized data collection
instruments, and evaluation of interrater reliability
should limit bias.17,18 The ED clocks (including the one
internal to the ECG machine) were not synchronized;
however, this would likely have led to misclassification
bias and diminished the strength of our results. Lastly,
we were unable to account for ED triage score in our
secondary analysis, which has been associated with
door-to-ECG and door-to-needle times.25

CONCLUSIONS

The time between the initial ECG in the ED and
fibrinolysis increases linearly with increasing delays to
performance of the initial ECG, until door-to-ECG
times of about 30 minutes, when the ECG-to-needle
time reaches a plateau (remains constant). For door-to-
ECG times of greater than 4 minutes, a patient’s
probability of meeting the benchmark door-to-needle
time decreases by several percent for each minute of
delay in door-to-ECG time. Triage and prehospital
ECGs are likely the only feasible route to achieve an
evidence-based target door-to-ECG time of 4 minutes.
Future research on triage ECGs is needed.
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