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Objective: Two crowding metrics are often used to measure emergency department (ED) crowding: 
the occupancy rate and the emergency department work index (EDWIN) score. To evaluate these 
metrics for applicability in our community ED, we sought to measure their correlation with the 
number of patients who left without being seen (LWBS) and determine if either, or both, correlated 
with our daily LWBS rate. We hypothesized a statistically significant positive correlation between the 
number of patients who LWBS and both crowding metrics.

Methods: We performed a retrospective observational study by reviewing data on all patients who 
LWBS from December 1, 2007, to February 29, 2008. Occupancy rates and EDWIN scores were 
obtained through our electronic patient tracking board. We identified LWBS status by searching the 
final disposition entered into our electronic medical record. We measured the correlation between 
each crowding metric averaged over each 24-hour day and the number of patients who LWBS per 
24-hour day using Spearman’s rank correlation, and created receiver operator characteristic (ROC) 
curves to quantify the discriminatory power of occupancy rate and EDWIN score for predicting more 
than two patients per day who LWBS. 

Results: We identified 1,193 patients who LWBS during the study period, including patients who 
registered but then left the waiting room (733), as well as those who left before: registration (71), 
triage (75), seeing a physician (260), or final disposition (54). The number of patients who LWBS 
per day ranged from one to 30, with a mean of 13 and median of 11 (IQR 6 to 19). The daily 
number of patients who LWBS showed a positive correlation with the average daily occupancy rate 
(Spearman’s rho = 0.771, p = 0.01) and with average daily EDWIN score (Spearman’s rho = 0.67, 
p< .001). Area under the ROC curve for occupancy rate was .97 (95% CI .93 to 1.0) and for EDWIN 
score was .94 (95% CI .89 to 1.0). 

Conclusion: Average daily occupancy rates and EDWIN scores both correlate positively with, and 
have excellent discriminatory power for, the number of patients who LWBS in our ED; however, the 
scale of our EDWIN scores differs from that obtained at other institutions. For studies of crowding, 
occupancy rate may be the more useful metric due to its ease of calculation. [West J Emerg Med. 
2010; 11(4):324-328.]

INTRODUCTION
The problem of emergency department (ED) crowding 

continues to plague healthcare systems around the world. ED 
crowding has been associated with increased risks of death or 
disability, treatment delays, ambulance diversion, and patients 
leaving without being seen, among other problems.1-8 Patients 

who leave without being seen (LWBS) risk not receiving 
appropriate or timely medical care and represent a particular 
failure of the medical system.9-13 

Earlier studies have shown that the number of these 
patients who leave before being seen by a physician is affected 
by multiple factors, with one common factor being the level of 
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ED crowding; nevertheless, studies of the effect of crowding 
on LWBS patients have primarily examined university-based 
academic medical centers or public county hospitals.9-12, 14-16 
As the problem of hospital and ED crowding continues to 
grow, more methods to quantify levels of crowding are being 
developed, with the emergency department work index 
(EDWIN) score favored by some groups, and occupancy rate 
favored by others.16-27 

To evaluate further the characteristics of two crowding 
metrics in our community hospital ED, we sought to measure 
the correlation between the degree of crowding, measured by 
the occupancy rate and by a modified EDWIN score available 
on our electronic tracking board, and the number of patients 
who LWBS. We hypothesized a statistically significant 
positive correlation between the number of patients who 
LWBS and both crowding metrics. 

METHODS
Study design

We performed a retrospective analysis of all patients who 
registered in our ED between December 1, 2007 and February 
29, 2008. The study was approved by our Institutional Review 
Board with a waiver of informed consent.

Setting and selection of participants
This study was conducted in a community teaching 

hospital with a 50-bed ED that is designated a Level 1 trauma 
center with an annual ED census of 85,000 visits per year and 
almost 700 inpatient beds. The hospital has an emergency 
medicine residency program in a PGY 1-3 format. All patients 
who arrived to the ED and gave sufficient information to 
be listed on our electronic tracking board were considered 
eligible for counting. We obtained daily counts of all patients 
who LWBS via our electronic medical record (EMR) system. 

Methods of measurement
The occupancy rate is defined by the total number of 

patients in the ED divided by the number of licensed ED 
beds. The EDWIN score is defined as Sniti/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)28, which is in widespread 
use in North America; for the EDWIN score, 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 EDWIN 
score from our tracking board varies from the original in that 
admitted patients are not removed from the numerator in the 
calculation of our score (whereas in the original description 

admitted patients were removed from the numerator) and 
the total number of bays counted (BT) includes all available 
spaces, including hallway beds, rather than only licensed 
treatment bays. This last modification is necessary to avoid 
possible “divide by zero” computational errors, and results in 
a lowering of the numerical value of our score when compared 
to the original description.

Data collection and processing
We obtained occupancy rates and EDWIN scores at 

20-minute intervals, 24 hours per day, via automatic sampling 
of our electronic patient tracking board through a remote 
server. To collect these data, we used a VBScript (Microsoft, 
Redmond, Washington) running on a remote server that 
automated the acquisition of data from our electronic tracking 
board. 

We identified patients as having LWBS if they were given 
one of four disposition designations in our EMR: (1) left 
before registration, (2) left before triage, (3) left before being 
seen by a physician, or (4) left before final disposition. 

Primary data analysis
We measured the correlation between each crowding 

metric averaged over each 24-hour day and the number of 
patients who LWBS per 24-hour day using Spearman’s rank 
correlation. We created receiver operator characteristic (ROC) 
curves to quantify the discriminatory power of occupancy rate 
and EDWIN score for predicting more than two patients per 
day who LWBS, based on prior recommendations that LWBS 
rates of 1% or less should be the target rate for EDs.9 We 
performed our analyses with SPSS version 15.0 (SPSS Inc., 
Chicago, IL). 

RESULTS
Site Characteristics

We identified 1,193 patients who LWBS during the 
study period. The majority of these patients (733) registered 
at the ED greeting station, then left the waiting room prior 
to being called to triage or back into an ED exam room or 
hallway spot. The remainder of these patients left before 
various stages of their visit, including 71 who left before full 
registration, 75 who left before triage, 260 who left before 
seeing a physician, and 54 who left before final disposition. 
The number of patients who LWBS per day ranged from one 
to 30, with a mean of 13, and a median of 11 (IQR 6 to 19). 
The average daily occupancy rate ranged from 65% to 170%, 
with a mean of 126%, and median of 127% (IQR 112% to 
144%). The average daily EDWIN score ranged from 0.18 to 
0.48, with a mean of 0.31, and a median of 0.31 (IQR 0.27 to 
0.34). The average number of patients presenting to the ED in 
each month of our study was as follows: 7,316 in December 
2007, 7,482 in January 2008, and 7,217 in February 2008. 
The average time to triage in each month was 18 minutes, 
20 minutes, and 21 minutes, respectively. The average time 
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to arrival in the ED from the waiting room by month was 72 
minutes, 94 minutes, and 95 minutes, respectively. Finally, the 
average time to disposition was 233 minutes, 259 minutes, and 
256 minutes, respectively.

Correlations
The daily number of patients who LWBS showed a 

positive correlation with both the average daily occupancy rate 
(Spearman’s rho = 0.771, p = .01), Figure 1, and the average 
daily EDWIN score (Spearman’s rho = 0.67, p< .001), Figure 
2. The correlation between EDWIN score and occupancy rate 
was strong (Spearman’s rho = 0.85, p < .001). By defining an 
adverse outcome as the presence of greater than two patients 
in one day who LWBS, the area under the ROC curve for 
occupancy rate was 0.97 (95% CI 0.93 to 1.0) and for EDWIN 
score was 0.94 (95% CI 0.89 to 1.0), Figure 3. Using data 
points from our ROC curves, an occupancy rate of greater than 
95% provides a sensitivity of 93% and a specificity of 83% for 
the likelihood of more than 2 patients in one day who LWBS. 
Likewise, an EDWIN score of 0.22 provides a sensitivity of 
93% but a specificity of only 67% for the likelihood of more 
than two patients in one day who LWBS. 

DISCUSSION
We found a strong correlation between the two crowding 

metrics investigated and the number of patients who LWBS in 
our community ED, further supporting the associations seen in 
university-based academic medical centers. Because there are 
many important operational differences between community 

hospitals and university-based medical centers, the persistence 
of this association in our hospital setting, although likely, was 
not certain. For example, many of our patients have their own 
private physicians and, when they present to the ED, may 
anticipate admission under their own physician, which may 
induce them to wait longer than they would otherwise before 
leaving the waiting room. Conversely, because the majority of 

Figure 3. Receiver operating characteristic curves for average 
daily occupancy rate and emergency department work index 
(EDWIN) score with outcome defined as greater than two patients 
who left without being seen (LWBS) per day. 

Figure 1. Correlation between daily number of patients who left 
without being seen (LWBS) and average daily occupancy rate.

Figure 2. Correlation between daily number of patients who left 
without being seen (LWBS) and average daily emergency depart-
ment work index (EDWIN) score.

Overcrowding and LWBS	 Kulstad et al.
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patients admitted do not have inpatient resident physician 
coverage, additional time spent waiting for their primary care 
physician to perform further inpatient workup may pose 
delays in hospital throughput not seen in university-based 
settings. 

Prior studies in university-affiliated EDs have found 
markedly increased numbers of patients who LWBS when ED 
volume increased beyond a certain threshold, in contrast to the 
more linear relationship apparent in our ED. This difference 
suggests that additional operational or external factors may 
influence patient decisions.12 For example, a recent study 
found that many patients in a level II trauma center and 
community teaching hospital who LWBS had a primary care 
physician and were able to obtain care elsewhere.29 Another 
study found that implementation of a rapid triage and 
treatment protocol, which allowed initiation of patient 
treatment at triage, reduced the number of patients who 
LWBS.30 A retrospective analysis suggests that more frequent 
communication to patients of expected wait times and the 
provision of more rapid temporary treatment of symptoms 
might reduce the LWBS rate.31 Nevertheless, it seems likely 
that our findings might potentially provide individual EDs 
with a starting point from which to address their LWBS rate. 
For example, at a certain occupancy rate threshold (which may 
vary between individual EDs), additional contingency plans 
might be activated that call in additional staff to use areas 
outside of the ED (such as post-anesthesia care units not being 
used after-hours) to help reduce the total ED occupancy rate. 

We chose a cutoff value of two patients per day who 
LWBS as a level above which would be considered a 
“failure” for an ROC analysis. This figure is based on prior 
recommendations that LWBS rates of 1% or less should 
be the target rate for EDs.9 Given the risks associated with 
leaving the ED prior to treatment, this rate appears reasonable; 
however, an even lower rate should perhaps be considered 
as a future goal. Our findings, which we believe are likely 
to be seen in other community hospital EDs, further add to 
the growing list of adverse associations with ED crowding. 
Although we used both occupancy rate and EDWIN score as 
our crowding metrics, the easy calculation of the occupancy 
rate, combined with a likely broader generalizability of this 
metric, suggests that it may be the more useful metric, as 
suggested by others.16

LIMITATIONS
Our data are consistent with previous reports from 

university-based EDs, but because they were obtained 
from a single hospital ED they may not generalize to other 
community hospitals. Our correlations are based on EDWIN 
scores and occupancy rates averaged over a 24-hour period, 
limiting the ability to observe more detailed relationships 
that might surface if we used a more restricted time frame. 
Although we assumed a linear relation between crowding 
and the number of patients who LWBS, this relationship 

may instead be more accurately modeled using a non-linear 
approach. We were unable to confirm that patients did not 
LWBS only to return the same, or on a later, day, and therefore 
patients leaving from and returning to the ED within a 24-hour 
period would have been counted as separate patients. Finally, 
although the LWBS rate is considered an important measure 
by hospitals for a number of reasons, the association of this 
rate with patient outcomes remains uncertain.32

CONCLUSION
Average daily occupancy rates and EDWIN scores both 

correlate positively with, and have excellent discriminatory 
power for, the number of patients who LWBS in our ED; 
however, the scale of our EDWIN scores differs from that 
obtained at other institutions. For studies of crowding, 
occupancy rate may be the more useful metric due to its ease 
of calculation.
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