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ABSTRACT

Objective: Previous studies looking at emergency department (ED) crowding and delays of care on outcome measures for certain
medical and surgical patients excluded trauma patients. The objectives of this study were to assess the relationship of trauma
patients’ ED length of stay (EDLOS) on hospital length of stay (HLOS) and on mortality; and to examine the association of ED
and hospital capacity on EDLOS.
Methods: This was a retrospective database review of Level 1 and 2 trauma patients at a single site Level 1 Trauma Center in the
Midwest over a one year period. Out of a sample of 1,492, there were 1,207 patients in the analysis after exclusions. The main
outcome was the difference in hospital mortality by EDLOS group (short was less than 4 hours vs. long, greater than 4 hours).
HLOS was compared by EDLOS group, stratified by Trauma Injury Severity Score (TRISS) category (< 0.5, 0.51-0.89, > 0.9) to
describe the association between ED and hospital capacity on EDLOS.
Results: There was no significant difference in mortality by EDLOS (4.8% short and 4% long, p = .5). There was no significant
difference in HLOS between EDLOS, when adjusted for TRISS. ED census did not affect EDLOS (p = .59), however; EDLOS
was longer when the percentage of staffed hospital beds available was lower (p < .001).
Conclusions: While hospital overcrowding did increase EDLOS, there was no association between EDLOS and mortality or
HLOS in leveled trauma patients at this institution.
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1. INTRODUCTION

The Centers for Disease Control (CDC) reported 129.8 mil-
lion emergency department (ED) visits in 2010. This number
has increased from 42 million visits in 1960. In compari-
son, there were 37.9 million injury related visits in 2010.[1, 2]

While the number of ED visits has been increasing exponen-
tially, the number of EDs across the country has decreased.[3]

ED overcrowding has been a pressing issue, with existing
studies postulating associations between lengths of stay in
the ED and quality outcome measures, such as timely an-

tibiotic delivery for pneumonia or intervention for MI.[4–6]

Some literature suggests that ED length of stay (EDLOS)
increases mortality and inpatient length of stay.[6–8] Recently,
a study targeting trauma patients concluded that EDLOS is
an independent predictor of trauma patient outcomes.[8]

Goal of this investigation
The objective of this study is to examine the relationships of
trauma patients’ EDLOS on hospital length of stay (HLOS),
and on mortality. The primary hypothesis is that length of
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stay greater than four hours is neither associated with longer
HLOS nor higher mortality in trauma patients. The second
objective of the study is to examine the relationship between
EDLOS in trauma patients and ED and hospital capacity at
the time of trauma activation.

2. METHODS
2.1 Study design
This is an exempt Institutional Review Board approved ret-
rospective database review at a Level 1 Trauma Center in
the Midwest. Data was obtained via report from the sin-
gle site data collection and reporting system (Collector Reg-
istry), which contains de-identified information on all leveled
trauma patients. Data from this registry is used to report to
the National Trauma Database and the Trauma Quality Im-
provement Program. Only Level 1 and Level 2 activated

trauma patients from July 1, 2010 to June 30, 2011 were
included in this study.

2.2 Setting
The study hospital has a twenty bed ED with two additional
trauma bays. In the triage area, mid-level providers often see
and disposition lower acuity patients. The triage area is not
included in the 22 beds. The ED census was 36,552 for the
study timeframe. Admission rates were 30%. The average
ED LOS for all patients was 244 minutes respectively.

2.3 Trauma activation criteria
Trauma patients are given a Level 1, 2, or 3 designation based
on criteria determined by a hospital committee of nurses, ad-
ministrators and physicians involved in the care of trauma
patients.

Table 1. Trauma triage criteria at this institution
 

 

Level Varieties  

Level 1 

Confirmed blood pressure < 90 systolic at any time 

Gunshot wounds to the neck, chest, or abdomen 

Glasgow Coma Scale < 8 with mechanism attributed to trauma 

Transfer patients  from other hospitals receiving blood to maintain vital signs 

Respiratory compromise/obstrution and/or intubation in a patient who is not transferred from another facility 

Emergency physician’s discretion 

Level 2 

Intubated patient who has been stabilized and transferred from another facility 

Penetrating injury to the head, neck, torso, or extremities proximal to the elbow or knee 

Open and depressed skull fracures 

Flail chest or multiple rib fractures 

Traumatic amputation of extremity  

Two or more long bone fractures 

Pelvic fractures 

Degloving/crush injuries/mangeld extremity 

High Risk Auto crash: 

 
 
 

Intrusion: > 12 inches, occupant site; > 18 inches, any site 

Ejection (parital or complete) from automobile 

Death in the same passenger compartment 

Auto vs pedestrian/bicylcist thrown, run over, or with significant impact (>20 mph) 

Motorcycle crash > 20 mph 

Emergency physician’s discretion 

 

Table 1 lists the institution specific criteria for Levels 1 and 2.
Level 3 constitutes all trauma consults that were not leveled
initially. The trauma team consists of an ED attending, an
ED resident, a trauma attending, senior and junior trauma
residents, ED nurses, a respiratory therapist, and a radiology
technician.

Several validated scoring schema have been developed to
predict prognosis in trauma patients. The Collector Registry

records the Trauma and Injury Severity Score (TRISS) for
each leveled trauma patient. TRISS, which is calculated
from the Injury Severity Score (ISS) and Revised Trauma
Score (RTS), predicts the probability of trauma patient sur-
vival, taking age and mechanism (blunt versus penetrating)
into account. The ISS is an anatomical scoring system that
provides an overall score for patients with multiple injuries.
Each injury is assigned an Abbreviated Injury Scale (AIS)
score (minor to un-survivable numbered 1-6) and is allocated
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to body region (head, face, chest, abdomen, extremities, and
external). The highest AIS in each region and the three most
injured regions are added together to produce the ISS. ISS
values range from 0-75. The RTS is a physiologic scoring
system. It is scored from the first data obtained on a patient
and consists of Glasgow Coma Scale, systolic blood pressure
and respiratory rate. The higher the TRISS score, the greater
probability of survival. Thus, the higher the TRISS score the
less “sick” a patient will be compared to a low TRISS score.

2.4 Study protocol
A report generated from the Collector’s registry included de-
mographics, time of trauma activation, TRISS, trauma type
(blunt vs. penetrating), admission time, admitting service,
and hospital disposition and time.

Hospital capacity data at the time of trauma activation was
collected from the hospital bed board. This capacity data
included absolute numbers of available physical beds, staffed
beds, floor beds and ICU beds at the time of the leveled
trauma patients’ arrivals. The percentage of total staffed
hospital beds, which includes both floor and ICU were used
in the analysis. ED capacity data was based on number of
patients checked into the ED at the time of trauma activation.

2.5 Definitions and measures
EDLOS was categorized as “short” if duration was less than
4 hours, consistent with the study hospital’s average EDLOS
for all patients during the study timeframe. This catego-
rization was also chosen based on the National Hospital
Ambulatory Medical Care Survey published by the CDC,
which reported that 71% of visits to EDs lasted four hours
or less in 2010.[2] Given the distribution of TRISS being
highly skewed towards survivability (higher TRISS scores);
we recoded TRISS as a categorical variable, into 3 levels
(less than 0.5, between 0.51-0.89, and greater than 0.9).

The primary outcome measure examined in this study was all
cause in hospital mortality. The secondary outcome measure
was HLOS defined as days in the hospital from admission to
discharge. Hospital and ED census data were also obtained
and analyzed in an attempt to assess if hospital overcrowding
contributes substantially to increased ED LOS.[9]

2.6 Data analysis
Those who died in the ED, were not admitted to the hospital,
or left against medical advice (AMA) from the ED were ex-
cluded from mortality analysis. A z-test for proportions was
used to assess differences in hospital mortality by EDLOS
group (short vs. long). Differences in gender, age, trauma
type, weekend admission, and in-patient staffing level at the
time of admission (demographic variables) were compared

by EDLOS group. Categorical demographical variables were
analyzed by chi square analysis whereas continuous demo-
graphic and capacity variables were analyzed by student’s t
test.

Analysis of variance (ANOVA) was employed to compare
HLOS by EDLOS group, stratified by TRISS category
(< 0.5, 0.51-0.89, > 0.9). In addition to the previous ex-
clusions, analyses for HLOS also excluded patients who died
in the hospital and those who left AMA after admission. If
a patient died in the ED or left AMA from the ED, their
EDLOS was artificially shortened, and they had no HLOS.
If a patient left AMA or died while admitted in the hospital,
the HLOS was artificially shortened. For the purposes of
analysis, HLOS was also capped at 30 days to reduce outlier
bias. In addition, a sensitivity analysis (using correlation
coefficient) was conducted in which EDLOS was retained as
a continuous variable to examine bivariate correlation with
HLOS.

The influence of hospital and ED crowding on EDLOS was
determined using a measure of ED capacity based on a bed
count of 20. The analysis included all patients checked into
(or registered into) the ED at the time of the trauma activation.
In other words, an ED capacity of 1.00 means 20 patients
are checked into the ED (which has a total of 20 available
beds); a ED capacity of 1.25 indicates there were 25 patients
checked in at the time of trauma activation. This measure
has been validated for ED crowding in a previous study.[10]

A flowchart of included patients is in Figure 1. There were
1,492 Level 1 or 2 trauma activations during the study period
(out of 2,507 total traumas which includes Levels 1, 2, and
3).

3. RESULTS

As seen in Table 2, the final sample of 1,207 patients includes
24% females and the mean age was 39 (SD 17 years). The
total study population had a mean EDLOS of 214 minutes
(SD 130).

Approximately two-thirds of patients (807 of 1,207) had a
short EDLOS. There was no difference in the mortality rates
between short (4.8%) and long (4.0%) EDLOS groups, p =
.50. Mean HLOS was approximately 1.3 days less for pa-
tients in the long EDLOS group, p = .017. The mean HLOS
for the two groups were: short 8.6 (SD 8.8 days) versus long
7.3 (SD 8.2 days). The average TRISS scores between these
two groups were similar: short 0.93 (0.16) versus long 0.95
(0.14), p = .11. Overall, about 87% of patients had a high
TRISS classification (> 0.9); 9% were medium, and 4% were
low or the least likely to survive (< 0.5).
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Figure 1. Eligibility flowchart

After excluding the fifty-five patients who died in the hos-
pital and the nine with missing TRISS scores (n = 1,139),
HLOS was compared by EDLOS group, as seen in Figure
2. The stratified analysis revealed that there is actually no
association between HLOS and EDLOS after adjustment for
TRISS classification (low TRISS 20.0 vs. 21.3 days; medium
TRISS 15.4 vs. 14.4 days; high TRISS 7.2 vs. 6.3 days; p =
.49). Thus, HLOS is associated with TRISS classification,
p < .001. In other words, severely injured patients have a
longer HLOS regardless of how long they are in the ED. For
example, the HLOS is 2.7 times greater for patients with low
TRISS classification (more severely injured) in comparison
to those with high TRISS (less injured) among patients with
short EDLOS. The relative difference in HLOS is similar
among patients with long EDLOS as the HLOS is 3.4 times
greater for patients with low versus high TRISS classifica-
tion.

A sensitivity analysis in which EDLOS was coded as a
continuous variable revealed that EDLOS has a weak nega-
tive association with HLOS (correlation coefficient = - .08,
p = .01), indicating that HLOS decreased as EDLOS in-
creased; this finding is directionally consistent with the anal-
ysis in which EDLOS was coded as a categorical variable:

short vs. long.

The association between ED crowding and EDLOS was not
statistically significant. EDLOS was associated with hospital
capacity. Trauma activations with short EDLOS had a mean
percentage of staffed occupied floor and ICU beds of 80.0;
by comparison, trauma activations with long EDLOS had
a mean percentage 1.8 percentage points higher. A higher
percentage of staffed floor and ICU beds indicate a greater
proportion were occupied, and therefore fewer available for
admission.

4. DISCUSSION
Length of stay has become an important quality indicator for
EDs due to its telling measure of patient flow from ED arrival
to disposition. Increased EDLOS has been linked to poor
patient satisfaction as well as hospital and ED overcrowding,
and it may be associated with adverse clinical outcomes.[4, 7]

Crowding and patient flow in the ED are of such importance,
the Centers for Medicare and Medicaid Services (CMS) be-
gan collecting data on measures such as EDLOS on January
1st, 2012. As a result, much interest in finding associations
among ED throughput measures and clinical outcomes has
been generated.

Studies examining the relationship between critical care pa-
tients’ EDLOS and quality outcomes, including cardiovas-
cular and sepsis measures have produced mixed results.[11]

However, it is universally accepted that critically ill patients
boarding in the ED use substantial resources including ED
physician time.[12]

In 2007, a three-year retrospective multi-center database re-
view concluded that EDLOS greater than six hours increased
both HLOS and mortality for critical care patients.[7] Two
years later, a prospective study, including 3,918 patients, also
using the six hour marker, found that experienced emergency
physicians can effectively triage more critically ill surgical
(trauma and emergency surgical) patients to the ICU; there-
fore, EDLOS for this level of case severity did not increase
inpatient mortality.[6]

In June 2011, Mowery et al. published the first study specifi-
cally examining the relationship between EDLOS and trauma
patient outcomes. They concluded that hospital mortality
increases for each additional hour a trauma patient spends
in the ED, and that 8.3% of these patients staying in the ED
between four and five hours would ultimately die. It was sug-
gested that diagnostic evaluation, procedures, and consulting
services were the causes of longer EDLOS measures.[8] Of
note, they excluded any patients who were in the ED for
greater than five hours from their data because they assumed
lower ISS for that group.
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Table 2. Demographic and outcome variables by EDLOS
 

 

Characteristics Short EDLOS Long EDLOS Total p-value 

Full Sample n = 807 n = 400  n = 1,207  

Gender, n (%)    < .001 

 Female 178 (22)  115 (29) 293 (24)  

 Male 629 (78)  285 (71)  914 (76)  

Age, mean (SD)  38 (17) 40 (17) 39 (17)  .081 

Trauma Type,* n  (%)    < .001 

 Blunt 584 (72) 353 (88)  937 (78)  

 Penetrating  221 (27)  45 (11) 266 (22)  

Day of Arrival, n (%)     .478 

 Weekday 386 (48) 200 (50)  586 (49)  

 Weekend 421 (52) 200 (50)  621 (51)  

ED Disposition, n (%)    < .001 

 Floor  373 (46) 244 (61)  617 (51)  

 ICU 218 (27)  129 (32)  347 (29)  

 OR 216 (27)  27 (7) 243 (20)  

Mortality (%) 4.8 4.0 4.5  .500 

Hospital Capacity**    < .001 

 Mean % 80 82 81  

ED Census, mean (SD)     

 Count of patients 39.9 (16.3) 41.8 (17.3) 40.5 (16.6)  .059 

 Capacity 1.99 (0.81) 2.09 (0.86) 2.03 (0.83)  .059 

Discharged Alive n = 768 n = 384 n = 1,152  

HLOS, mean (SD) 8.6 (8.8)  7.3 (8.2)  8.2 (8.6)   .017 

TRISS, mean (SD) 0.93 (0.16) 0.95 (0.14) 0.94 (0.16)  .110 

TRISS Categories, n (%)     .077 

 > 0.9 649 (85)  343 (89)  992 (86)   

 0.51- 0.89 76 (10)  25 (7)  101 (9)  

 < 0.5  34 (4)  12 (3) 46 (4)  

Missing 9 (1) 4 (1) 13 (1)  
*patient missing data from each group; **Mean % occupied staffed beds 

Although the National Quality Forum recommended that
CMS follow EDLOS indicators as early as 2008, there is still
no consensus as to appropriate specific goals for these times
nor the percentage of patients that must fall within these time
frames.[13] For the purposes of this study, the institution’s
goal of an average EDLOS of less than 240 minutes for ad-
mitted patients was used as the cut off between the short and
long EDLOS groups. Using this benchmark, the analysis
showed that there is no association between EDLOS and
mortality in leveled trauma patients. These results challenge
the findings reported by Mowery et al.

This study not only examined the relationship between ED-
LOS and mortality, but also EDLOS and its relationship to
other quality indicators. HLOS is a measure used to follow
the efficiency and cost effectiveness of patient care delivery.
Prolonged HLOS may also result in a greater risk of adverse
events such as venous thromboembolic disease, nosocomial

infections, and medication errors. Furthermore, each addi-
tional day spent in the hospital accrues significant costs for
patients and payers.

Surprisingly, the data collected in this study revealed that
patients in the short EDLOS group had longer HLOS than pa-
tients in the long EDLOS group. When corrected for TRISS,
the groups actually have similar HLOS. Therefore, it is ac-
tually the severity of traumatic injuries as determined by
TRISS designation that influences leveled trauma patients’
HLOS, not their EDLOS (see Figure 2).

While this study failed to show a strong relationship between
EDLOS and HLOS and mortality in leveled trauma patients,
it does confirm the findings of previous research: EDLOS is
a measure of patient care flow and is therefore influenced by
hospital capacity.[14–16] Leveled trauma patients with short
EDLOS arrived at times when there happened to be more
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staffed beds available in the hospital. Conversely, those with
long EDLOS arrived at times in which the hospital was more
full, in other words, there were less staffed beds available in
which to admit them.

Figure 2. LOS association with TRISS (n = 1,139)

This study also examined the relationship between EDLOS
and ED capacity in leveled trauma patients. Although there is
no standard measure of ED capacity to date, the total number
of patients checked into the ED at time of trauma activation
was used in this study. This measure includes those patients
waiting to be seen. While hospital capacity had a statisti-
cally significant association with short and long EDLOS, ED
capacity did not.

EDLOS in and of itself has become an accepted measure of
both ED and hospital crowding. More recently, a study at
Boston University looked into specific factors which increase
EDLOS: nurses on duty, discharges, discharges on previous
shift, resuscitation cases, admissions, ICU admissions, and
hospital occupancy. Similar to this study they found that
EDLOS was associated with hospital occupancy (EDLOS
increased by 1 min for every 1% increase in hospital capac-
ity).[9]

This study supports the notion that EDLOS is a measure asso-
ciated with the efficient use of hospital resources. Reducing
EDLOS requires a hospital wide effort. Clinical outcome
(i.e. mortality rates and HLOS) of trauma patients were not

dependent on EDLOS. EDLOS should not be used indepen-
dently as a benchmark in leveled trauma patients because as
this study has shown, it has no impact on outcomes. EDLOS,
however, should continue to be a measure of hospital capac-
ity and throughput as it is undeniably affected by hospital
overcrowding.

Limitations
This was a single center urban Level 1 Trauma Center with
a trauma team that responds to all leveled traumas. Our
data will reflect our specific study environment and available
resources and may not be applicable to all other ED settings.

Our patient data came from the Collector’s registry, a single
site database with reporting capability for state and national
trauma registries. We did not conduct chart reviews. There-
fore, we are unable to comment on procedures done in the
ED, number of consulting services, or complications in care
that could have contributed to mortality or HLOS. These
additional measures can affect ED LOS and could be further
explored in future studies.

Finally, it may seem like there is an unusually high number
of male trauma patients in this study. However, the National
Trauma Data Bank Annual Report acknowledges that males
account for 70% of all incidents up to the age of 70, after
which females predominate.[17] With a mean age of 39 years
for this study population, 76% being male is not surprising.

5. CONCLUSIONS
While hospital overcrowding did increase EDLOS, we found
no association between EDLOS greater than four hours and
mortality in leveled trauma patients. The association between
shorter EDLOS and longer HLOS was clarified by TRISS
score.
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