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Abstract
Background Recently developed crowding measures,
such as the Emergency Department (ED) Work Index
(EDWIN) score, provide a quantifiable measurement of
overcrowding in the ED.
Aims We sought to determine the association between
overcrowding, measured with the EDWIN score, and the
time required to initiate percutaneous coronary interven-
tion (PCI) for patients presenting to the ED with acute
myocardial infarction (AMI).
Methods We retrospectively reviewed the performance
improvement (PI) data on all patients presenting to the ED
over a 2-month period with chest pain and whose subsequent
ECG showed AMI requiring PCI. We recorded the time from
patient presentation to the (1) time to first ECG, (2) time to
patient arrival in the catheterization laboratory, and (3) time
to catheter balloon inflation. We calculated EDWIN scores
using data archived from our electronic tracking board and
compared the proportion of patients who achieved our
established ED goal times between patients presenting
during low crowding (EDWIN<1.5) and high crowding
(EDWIN≥1.5) conditions.

Results Seventeen patients underwent emergent PCI in the
study period. Patients presenting to the ED during periods
of low crowding had shorter times to balloon inflation
(median of 84 min, IQR 80 to 93 min) than patients
presenting to the ED during periods of high crowding
(median of 107 min, IQR 94 to 122 min), P=0.008. Times
to first ECG and to arrival in the catheterization laboratory
were not significantly different between patients presenting
during low and high crowding conditions.
Conclusion Overcrowding appears to be associated with
a decreased likelihood of timely treatment for acute AMI
in our ED.
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Introduction

The Institute of Medicine issued a report in 2006
describing the precarious state of the emergency medical
system as a whole, and little has improved since that
time [1]. A primary cause of overcrowding in the
emergency department (ED) is a lack of inpatient beds,
leading to a back-up of patients awaiting them [2–10]. A
recent meta-analysis found that ED overcrowding contrib-
utes to increased patient mortality, transport delays,
treatment delays, ambulance diversion, and to patients
leaving without being seen, among other problems [11].

Several recently developed crowding measures now
provide a quantifiable measurement of overcrowding in
the ED [12–22]. One of these metrics, the ED Work Index
(EDWIN) score, correlates with an active but manageable
ED when the EDWIN score is less than 1.5, a busy ED
when the EDWIN score is between 1.5 and 2, and a
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crowded ED when the EDWIN score is greater than 2
[16].

Previous studies of the effects of overcrowding on times to
treat acute myocardial infarction (AMI) have produced
differing results. One study of percutaneous coronary inter-
vention (PCI) found no significant associations when summary
data from a large number of academic hospitals were analyzed
[23]. A study of delays in thrombolysis showed that ED
crowding is associated with increased door-to-needle times
[24]. To investigate the effects of crowding in our single
community teaching hospital, we sought to measure associ-
ations between crowding and time to treat STEMI with PCI in
our ED, hypothesizing that increasing EDWIN scores would
correlate positively with increased times to achieve PCI.

Methods

Study design, setting, and population

We performed a retrospective review of the performance
improvement (PI) data on all patients presenting to the ED
during the first 2 months of 2007 with chest pain and whose
subsequent ECG showed STEMI requiring PCI. The study
was performed at our large tertiary-care suburban commu-
nity teaching hospital, which has an annual ED census of
approximately 85,000 patients. We included in this study all
patients presenting to the ED with an ECG showing STEMI
or new left bundle-branch block requiring emergent
activation of the catheterization team for performance of
PCI. The hospital’s institutional review board approved the
study with a waiver of informed consent.

Study protocol

Our ED has a protocol in place, referred to as a “Code 60,”
for activation of the catheterization laboratory by the ED
when urgent PCI is required for STEMI; the use of the
number 60 refers to our goal in minutes for the time from
patient presentation in the ED to arrival of the patient in the
catheterization laboratory. Additional goals include 10 min
from the time of patient presentation to the time of ECG
acquisition and 90 min from the time of patient presentation
to PCI balloon inflation.

At all activations of our Code 60 protocol, the unit
secretary begins entries on a data collection sheet that is
used by the PI committee to improve efforts to reach
goals. The data collection sheet is used to record the time
of patient presentation to the ED, along with times to first
ECG, contact with the on-call cardiologist, arrival of the
patient to the catheterization laboratory, and inflation of
the PCI balloon. Data collection sheets are maintained by
the PI committee chairman.

At the time of this study we did not have access to a real-
time EDWIN score, so we calculated scores based on
available data archived from our electronic tracking board.

Measurements

We reviewed the Code 60 data collection sheets and
recorded the time from patient presentation to (1) the time
to first ECG, (2) the time to patient arrival in the
catheterization laboratory, and (3) the time to PCI catheter
balloon inflation. The study authors served as abstractors
and agreed on the values of all available data points, but
the authors were not blinded to study purpose.

We calculated EDWIN scores using data archived from
our electronic tracking board; these data were available for
our analysis for the months of January and February of
2007, and were stored on a remote server used for
administrative purposes. The EDWIN score is defined as
Σniti/Na(BT-BA), where ni = number of patients in the ED in
triage category i, ti = triage category, Na = number of
attending physicians on duty, BT = number of treatment
bays, and BA = number of admitted patients in the ED.
Triage category is defined by the Emergency Severity Index
(ESI)[25], which is in widespread use in North America; in
order to assign higher numerical values to higher severity
patients, the ESI is reversed from the standard ordinal
ranking of triage categories so that ESI level-1 patients,
who have the highest acuity, are assigned a value of 5, ESI
level-2 patients are given a value of 4, continuing down to
ESI level-5 patients (lowest acuity) being assigned a value
of 1. The archived data were obtained from our electronic
tracking board sampled at 20-min intervals and included the
total number of patients in the ED, their location in the ED,
and the number of admitted patients in the ED. Because the
ESI score assigned to each patient was not archived, we
assigned ESI scores to patients by geographic location
based on average values typically encountered in each
location of our ED and took the reverse of the score to
obtain the required value for calculation of the EDWIN
score. Thus, patients were assigned average acuity scores as
follows: patients in the critical care section of the ED, 4.5;
patients in the chest pain unit, 3.5; patients in the general
care section, 3; fast track patients, 2; and pediatric section
patients, 2.5. The total number of licensed beds in our ED is
50, and the number of attendings working in the ED was
obtained from our departmental schedule. The total number
of attendings working in the ED at any given time varies
from a low of 2 to a high of 8.

Data analysis

Descriptive data are reported with means and 95%
confidence intervals (CIs) as well as medians and inter-
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quartile ranges (IQRs) to provide greater descriptive
analysis of data with small sample sizes. To facilitate
comparisons, we divided the EDWIN scores into two
groups, low crowding (less than 1.5) and high crowding
(greater than or equal to 1.5), and compared the times to
arrival in the catheterization laboratory and times to balloon
inflation between patients presenting to the ED during
periods of low crowding and patients presenting during
periods of high crowding. The Mann-Whitney U test was
used to provide more robust and less biased analysis of data
with smaller sample sizes. We entered all of our data into an
Excel spreadsheet (Microsoft) in order to perform the
necessary calculations and performed further analysis with
SPSS version 15.0 (SPSS Inc., Chicago, IL).

Results

Site characteristics

Seventeen patients underwent emergent PCI in the 2-month
study period. The mean EDWIN score at the time of each
procedure was 1.3 (95% CI for the mean: 0.9 to 1.7) with a
median of 1.0 (IQR 0.8 to 1.9). The mean time from patient
presentation to arrival in the catheterization laboratory was
71 min (95% CI for the mean: 54 to 88 min) with a median
of 64 min (IQR 58 to 82 min). The mean time from patient
presentation to balloon inflation was 93 min (95% CI for
the mean: 83 to 102 min) with a median of 88 min (IQR 82
to 101 min). Seven patients arrived in the catheterization
laboratory within 60 min, and 8 patients had catheter
balloon inflation within 90 min. Three patients did not
undergo balloon inflation, either because of diffuse disease
requiring bypass grafting or because no lesion requiring
angioplasty was identified.

Crowding comparison: balloon inflation time

Patients presenting to the ED during periods of low
crowding (EDWIN<1.5) had shorter times to balloon
inflation, with a mean of 85 min (95% CI for the mean:
77 to 92 min) and median of 84 min (IQR 80 to 93 min)
when compared to patients presenting to the ED during
periods of high crowding (EDWIN≥1.5), with a mean of
107 min (95% CI for the mean: 88 to 127 min) and median
of 107 min (IQR 94 to 122 min), shown in Fig. 1. This
difference was statistically significant, with P=0.008
(Mann-Whitney U test). Table 1 summarizes these and the
following results.

Crowding comparison: catheterization laboratory arrival
time

Time from presentation to arrival in the catheterization
laboratory for patients presenting to the ED during periods of
low crowding was 63 min (95% CI for the mean: 45 to
82 min) with a median of 62 min (IQR 44 to 69 min),
compared to patients presenting to the ED during periods of
high crowding, who had a mean of 85 min (95% CI for the
mean: 45 to 126 min) and median of 76 min (IQR 58 to
103 min); however, this difference (Fig. 2) did not reach
statistical significance, with P=0.44 (Mann-Whitney U test).

Crowding comparison: time to first ECG

Likewise, we did not see a statistically significant difference
between times from patient presentation to acquisition of
first ECG during high and low crowding; the mean time to
first ECG during low crowding was 12 min (95% CI for the
mean: 3 to 20 min) with a median of 9 min (IQR 3 to 13 min),
while the mean time to first ECG during high crowding was

Fig. 1 Comparison of time to
catheter balloon inflation during
periods of low and high crowd-
ing conditions
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4 min (95% CI for the mean: 1 to 6 min) with a median of 4
min (IQR 1 to 5 min), P=0.06 (Mann-Whitney U test).

Discussion

Our analysis suggests that overcrowding may indeed be
associated with increased times to achieve the important
end-point of catheter balloon inflation during PCI for the
treatment of acute STEMI. This is perhaps not unexpected,
given the increasing number of adverse effects related to
overcrowding being discovered [4, 9, 11, 23, 24, 26–38].

An earlier study of the effect of overcrowding on the
treatment of AMIwith thrombolysis showed that ED crowding
is associated with increased door-to-needle times, with a delay
of almost 6min in high crowding conditions [24]. In contrast, a
multi-site study at academic medical centers found that PCI
timing for patients with acute myocardial infarction was not
associatedwith crowding; however, themain crowdingmetrics
in this studywere patient length of stay and turnaround time for
chest X-rays, which may limit sensitivity [23].

We did not see statistically significant associations
between crowding and time to the first ECG or time to
patient arrival in the catheterization laboratory, although
crowding was associated with a non-statistically significant
increase in the point-estimates of mean times to arrival in the

catheterization laboratory. It is perhaps likely that over-
crowding affects multiple steps of a complex process, such
as activation of emergent treatment of acute STEMI with
PCI, and that a minor delay in many of the steps may have a
cumulative effect in the overall time to complete the process.
A cumulative effect would result in potentially non-
statistically significant differences in the early steps of the
process, with statistical significance reached at later steps of
the process. Although the final step of our protocol, catheter
balloon inflation, occurs outside the ED, the increasing
realization that ED overcrowding is in fact caused by
hospital-wide factors lends support to the hypothesis that
factors contributing to hospital crowding continue to affect
patient care even outside the ED. For example, increased
workloads and patient volumes may in turn affect the
availability of personnel as well as equipment when patients
with sudden emergent conditions require treatment. Even
prior to hospital arrival, overcrowding has been shown to be
associated with delays in patient transport [32].

Limitations

Our study relied on retrospective data analysis, a method-
ology that has well-known limitations. Our department
takes great care to obtain accurate recordings of times on
our Code 60 data sheets, but the possibility remains that
inaccurate data may affect our results.

Our study was also limited by the amount of archived data
available to calculate EDWIN scores; we were not able to
obtain data for an additional month to increase our sample size.
The retrospective calculation of EDWIN scores introduces
potential error, althoughwe believe that the uniform calculation
method we applied is unlikely to introduce significant bias.

Although we found an association between crowding and
the time required to complete emergent PCI in our ED, the

Table 1 Mean times to ECG, catheter laboratory, and balloon
inflation during low and high EDWIN scores

Mean time (minutes) EDWIN <1.5 EDWIN ≥ 1.5 P value

To first ECG 4 12 0.06

To catheter lab 63 85 0.44

To balloon inflation 85 107 0.008

Fig. 2 Comparison of time to
catheterization laboratory arrival
during periods of low and high
crowding conditions
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observational nature of our study precludes our attributing the
cause of these treatment delays to overcrowding.

Conclusion

Overcrowding appears to be associated with a decreased
likelihood of timely treatment for acute STEMI in our ED.
Although the ability to attribute the cause of increased
treatment times to overcrowding is limited by the observa-
tional nature of our study, these results raise further
concerns over hospital overcrowding being associated with
potentially harmful delays in patient care.
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