ORIGINAL ARTICLE

CrossMark Emergency & Critical Care Medicine

click for updates

TKMS

http://dx.doi.org/10.3346/jkms.2016.31.8.1331 « J Korean Med Sci 2016, 31: 1331-1336

Emergency Department Crowding Disparity: A Nationwide

Cross-Sectional Study

Won Chul Cha,* Ki Ok Ahn,**
Sang Do Shin,* Jeong Ho Park,*
and Jin Sung Cho®*

'Department of Emergency Medicine, Samsung
Medical Center, Seoul, Korea; *Department of
Emergency Medicine, Seoul National University
Hospital, Seoul, Korea; *Department of Emergency
Medicine, Gachon University Gil Hospital, Incheon,
Korea; “Laboratory of Emergency Medical Service,
Biomedical Research Institute, Seoul National
University Hospital, Seoul, Korea

In this study, we evaluated national differences in emergency department (ED) crowding to
identify factors significantly associated with crowding in institutes and communities across
Korea. This was a cross-sectional nationwide observational study using data abstracted
from the National Emergency Department Information System (NEDIS). We calculated
mean occupancy rates to quantify ED crowding status and divided EDs into three groups
according to their occupancy rates (cutoffs: 0.5 and 1.0). Factors potentially related to ED
crowding were collected from the NEDIS. We performed a multivariate regression analysis
to identify variables significantly associated with ED crowding. A total of 120 EDs were
included in the final analysis. Of these, 73 were categorized as ‘low crowded' (LC,
occupancy rate < 0.50), 37 as ‘middle crowded' (MC, 0.50 < occupancy rate < 1.00),

10 EDs as ‘high crowded' (HC, 1.00 < occupancy rate). The mean ED occupancy rate varied

Received: 15 May 2015
Accepted: 21 April 2016

Address for Correspondence:

Ki Ok Ahn, MD

Laboratory of Emergency Medical Service, Biomedical Research
Institute, Seoul National University Hospital, 101 Daehak-ro,
Jongno-gu, Seoul 03080, Korea

E-mail: arendt75@gmail.com

Funding: This study is supported by the Ministry of Health and
Welfare.

INTRODUCTION

Emergency Department (ED) crowding has become a major
public health concern (1-3). It is defined as the state when de-
mand for acute care overwhelms the capacity of an emergency
department, which attenuates the quality of emergency care,
resulting in deterioration of timeliness, efficiency, effectiveness,
equitability, safety, and patient-centeredness (4-7). The prob-
lem is not limited to North America, but has been an increas-
ingly major global issue (8-11).

The major cause of crowding is, as defined by the American
College of Emergency Physicians, the need for emergency ser-
vices that exceeds limited ED resources (12-14). Various studies
have identified factors significantly associated with ED crowd-
ing, including academic status, proportion of uninsured pa-
tients, longer wait time, and distribution of patient socioeco-
nomic status (15-18). However, to our knowledge, no studies
have described crowding status nationwide, and little is known
about the factors that contribute to the disparity of crowding
level.

This study described the wide variety of crowding status
among EDs and investigated factors associated with the level of
crowding.
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widely, from 0.06 to 2.33. The median value was 0.39 with interquartile ranges (IQRs)
from 0.20 to 0.71. Multivariate analysis revealed that after adjustment, ED crowding was
significantly associated with the number of visits, percentage of patients referred, number
of nurses, and ED disposition. This nationwide study observed significant variety in ED
crowding. Several input, throughput, and output factors were associated with crowding.
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MATERIALS AND METHODS

Study design and setting

This was a nationwide cross-sectional observational study. EDs
are officially categorized as level I, II, or III by a government
health authority. There are 16 level I EDs, 115 level II EDs, and
approximately 330 level ITI EDs in Korea.

The National Emergency Department Information System
(NEDIS) database was the major source of information for this
study. The NEDIS is a nationwide government-run system that
contains clinical and administrative data. The NEDIS contains
patient demographics and clinical information, including age,
sex, type of medical insurance, and vital signs at presentation.
The NEDIS also provides information about the process of care,
such as route of visit, mode of visit (EMS or other), information
about arrival and discharge times, and patient disposition after
the ED visit. Information regarding ED resources such as the
number of beds, physicians, and nurses was acquired from the
annual report from the National Emergency Medical Center.

Selection of participating EDs
This study was conducted from June 1, 2009, to May 30, 2010.
We included EDs above level ITI. We excluded hospitals for which
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NEDIS data had been collected for less than 12 months. Finally,
one veteran’s hospital was excluded because it was an ED that
only served as a route for emergency admission. The process of
selecting EDs is illustrated in Fig. 1.

Data collection and processing

We abstracted data from the NEDIS and calculated mean occu-
pancy rates to quantify the crowding status of the EDs included
in this study. Patient log data were used to calculate patient vol-
ume, which is the sum of patients staying at the ED at a specific
time. The log data includes timing of entrance and exit to emer-
gency department for each patient along with its mode. We used
ED occupancy rates to define crowded categories in order to
standardize comparisons of crowding states across different
EDs; this measure has been widely accepted as the ‘crowding
index’ (19-24). We divided the EDs into three groups according
to their mean occupancy rates. Occupancy rates of 0.50 and
1.00 were used as cut-off values.

Outcome measures

Factors associated with ED crowding were included for analy-
sis. Variables were grouped into three categories: input factors,
throughput factors, and output factors (25,26).

Primary data analysis

STATA version 12.1 (Stata Corp, College Station, Tx) software
was used for statistical analysis. Continuous variables are pre-
sented as median (IQR: interquartile range). Categorical vari-
ables are expressed in percentages of the total number of data
points available within the database. Univariate linear regres-
sion was used to compare continuous variables between groups.
Finally, multivariate regression analysis of the generalized-lin-
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Fig. 1. Selection of study hospitals. Overall, 120 nation-wide Emergency centers
were included.
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ear model was used to estimate crowding status after adjusting
for other potential factors.

Ethics statement

The study was approved by the institution’s ethics committee,
and researchers signed a confidentiality term regarding the han-
dling of patient data (2015-03-001). Informed consent was ex-
empted by the board.
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Fig. 2. Average ED bed occupancy rate. The median was 0.39 with inter-quartile
range 0.20-0.71.
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: average occupancy rate < 0.50
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@ :average occupancy rate 0.50 < < 1.00
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: average occupancy rate < 1.00

Fig. 3. Locations of enrolled emergency departments. Note that high crowd emer-
gency departments are co-located among low crowd emergency departments. Many
overcrowded EDs are located in Metropolitan area, especially in Seoul.
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RESULTS

Characteristics of study subjects

A total of 120 EDs were included in the final analysis. Of these,
16 were level I and 104 were level II (Fig. 1). The mean occupan-
cy rate varied from 0.06 to 2.33. The median value was 0.39 with
an IQR of 0.20 to 0.71. Fig. 2 shows the distribution of ED occu-
pancy rates. There were 73 (60.8%) EDs in the ‘low crowded’
(LC) group (occupancy rate < 0.50), 37 (30.8%) in the ‘middle
crowded’ (MC) group (0.50 < occupancy rate < 1.00), and 10
(8.4%) in the ‘high crowded’ (HC) group (1.00 < occupancy
rate). The distribution of EDs is shown in Fig. 2 and 3. Many over-
crowded EDs were located in metropolitan areas, especially
around Seoul.

Table 1. Characteristics of input factors

Main results

We first analyzed input factors. The median annual visits in-
creased from 23,706 in the LC group to 41,443 in the HC group
(P value for trend < 0.001). The percentage of elderly patients
increased from 12.4% to 21.4% (P value for trend < 0.001). Pa-
tients transported by ambulance increased from 15.0% to 17.5%,
but the difference was not statistically significance (P value for
trend = 0.101). The percentage of patients referred from other
facilities increased approximately 4-fold, from 5.09% to 20.2% (P
value for trend < 0.001). Patients with injuries decreased from
26.1% to 22.4% (P value for trend < 0.001). Patients with unsta-
ble presenting vital signs increased from 3.99% to 9.57% (P val-
ue for trend = 0.001). Patient visits during office hours increased
from 23.5% to 36.4% (P value for trend < 0.001). In brief, crowd-
ed EDs had higher annual visits, older patients, higher percent-

Average ED occupancy rates

Low crowd Middle crowd High crowded
Mean occupancy rates Group (LC) Group (MC) Group (HC) Overall Pfor trend
<0.50 0.50-1.00 1.00 < n=120
n=73 n=237 n=10

Annual visits, No. 23,706 (17,160-32,181) 37, 513 (32,5619-57,940) 41, 443 (32,014-64,024) 30, 188 (20,235-41,861) < 0.001
Age, yr 32 (30-36) 32 (28-42) 42 (34-47) 32 (29-398) 0.021

> 65, % 12.4 (10.7-15.8) 15.7 (11.4-21.6) 21.4 (14.8-26.5) 13.3(11.1-19.1) < 0.001

<15 % 26.6 (22.7-30.9) 29.8 (19.7-37.1) 25.4 (19.1-26.9) 26.7 (22.3-32.0) 0.819
Transportation by ambulance, % 15.0 (12.7-18.2) 16.0 (12.1-22.3) 17.5(12.1-26.7) 15.1(12.3-19.1) 0.101
Transferred from other hospitals, % 5.09 (3.00-7.41) 10.3 (7.14-17.8) 20.2 (11.1-24.9) 7.13(3.87-12.9) < 0.001
Injured patients, % 26.1 (22.6-31.2) 21.5(18.3-26.4) 22.4 (15.3-25.6) 24.8 (20.6-29.2) < 0.001
Unstable vital signs, % 3.99 (2.42-6.47) 7.62 (4.55-13.4) 9.57 (4.59-13.1) 5.67 (2.95-9.63) 0.001
Office hours, % 23.5(20.0-26.1) 28.2 (25.5-32.0) 36.4 (32.5-41.0) 25.2 (21.4-29.6) < 0.001
All figures were given in median and interquartile range.
Pfor trend was calculated based on volume-bed ratio as continuous variable.
Table 2. Characteristics of throughoutput factors

Average ED occupancy rates
Low crowd Middle crowd High crowded
Mean occupancy rates Group (LC) Group (MC) Group (HC) Overall Pfor trend
<0.50 0.50-1.00 1.00 < n=120
n=73 n=237 n=10

ED beds 21 (20-27) 30 (23-36) 41 (30-46) 24 (20-30) < 0.001
Emergency physicians 4. (2-7) 9 (6-13) 11 (7-19) 6 (3-9) < 0.001
Patient-physician ratio 1. 11 (0.81-1.64) 2. 71 (1.68-3.90) 3.76 (2.81-7.38) 1 56 (0.97-2.94) < 0.001
Emergency nurses 6 (13-20) 29 (24-34) 46 (31-55) 20 (14-28) < 0.001
Patient-nurse ratio 0. 31 (0.24-0.43) 0.80 (0.60-0.84) 1.13(0.97-1.33) 0.46 (0.29-0.74) <0.001
ED LOS, overall, min 110.2 (90.4-141.9) 285.0 (187.1-402.5) 563.6 (433.0-719.0) 143.0 (106.4-273.2) < 0.001
ED LOS, discharged 95.5(73.9-122.2) 186.9 (145.6-275.5) 357.4 (237.4-408.5) 122.7 (91.3-195.9) < 0.001
ED LOS, transferred, 181.7 (127.5-221.4) 364.2 (268.4-650.1) 888.6 (771.1-933.0) 232.0 (158.9-368.3) < 0.001
ED LOS, admitted 183.9 (147.8-230.3) 603.7 (369.0-796.7) 1161.4 (1119.4 -1402.2) 278.2 (175.2-606.4) <0.001
ED LOS, age >65yr 159.0 (136.6-209.0) 497.9 (293.3-661.9) 886.2 (788.4-1066.4) 225.0 (152.6-479.3) < 0.001
ED LOS, age < 15yr 82.4 (61.3-103.2) 152.9 (137.7-198.3) 295.0 (222.7-360.4) 104.8 (74.0-160.6) <0.001
ED LOS, injured 98.4 (75.7-119.7) 184.3 (154.9-311.6) 295.4 (203.9-433.1) 125.1(91.1-183.1) < 0.001
ED LOS, unstable vital signs 137.3(111.1-176.2) 338.0 (212.7-451.5) 668.1 (586.3-826.9) 173.9 (114.2-390.2) <0.001
ED LOS, office hours 118.7 (98.8-161.6) 357.3 (236.5-515.1) 729.2 (586.3-826.9) 173.9 (114.2-390.2) < 0.001

Al figures were given in median and interquartile range.
Pfor trend was calculated based on volume-bed ratio as continuous variable.
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ages of referred cases, lower percentages of patients with injuries,
and higher rates of patients with unstable vital signs (Table 1).
Among throughput factors, the median number of beds in-
creased from 21 to 41 (P value for trend < 0.001). The median
number of emergency physicians and nurses also increased (P
value for trend < 0.001). However, patient-physician and patient-
nurse ratios decreased as crowding increased (P value for trend
< 0.001). The ED length of stay (LOS) increased from 110.2 to
563.6 minutes (P value for trend < 0.001). Among all patient
groups, the LOS of admitted patients increased the most, from
183.9 to 1,161.4 minutes (Pvalue for trend < 0.001) (Table 2).
Output factors were also analyzed. The percentage of dischar-

(0.42% increase per 1,000 additional visits, P = 0.053), percent-
age of patients referred (0.14% increase per 1% of elderly pati-
ents, P = 0.015), number of nurses (0.96% increase per nurse,
P =0.009), and ED dispositions such as transfer from ED, admis-
sion from ED, and death in ED (P = 0.041, P < 0.001, P < 0.001,
respectively). However, there was no statistically significant as-
sociation between hospital factors and ED crowding (Table 4).

Table 4. Multivariate analysis predicting ED crowding (mean occupancy rate)

: Coeffi-  95% Confi-
Variables ) Pvalue
cient  dence Interval

Input factors
ge decreased from 76.9% to 69.2% from LC to HC (P value for Annual volume (1,000 visits) 042 001 084 0053
trend < 0.001). Both rates of transfer and transfer after transfer % of over 65 yr 0.14 -088 1.15 0.788
increased (P value for trend < 0.001). The rate of death increas- % of transported by ambulance 024 085 133  0.661
. .
ed from 0.90% to 1.85%. However, the rate of death of unstable Vo of Frgns.ferred from other hospital 116 0.24 209 0.015
. % of injuries -0563  -1.22 0417 0.135
patients decreased from 12.8% to 6.82% (P value for trend = % of unstable patients (Unstable vital signs)  0.48  -0.28 1.24  0.214
0.022). Hospital beds increased from 477 to 833 as ED occu- Throughput factors
pancy rate increased (P value for trend < 0.001). The mean oc- Eegistereg physicians égg 8215 1225 8;53
. . egistered nurses ! ! . .
cupancy rate of hospital beds increased from 85.6% to 93.3% (P 0u tpﬂlt factors v
value for trend = 0.002). Hospital beds occupied by emergency Disposition
patients also increased from 26.3% to 41.0% (P value for trend % of transfer from ED to other facilities 299 012 587  0.041
< 0.001) (Table 3). % of admis§ion from ED -1.06  -1.76 -0.35 <0.001
. .. . . % of death in ED 200 109 291 <0.001
Finally, we performed multivariate analysis that included Hospital factors
potentially significant factors (P < 0.10). After adjustment, ED No. of hospital beds 001  -003 0.01 0.384

crowding was significantly influenced by the number of visits

Table 3. Characteristics of output factors

% of average hospital occupancy rate 0.47 -0.06 0.99 0.083

Average ED occupancy rates

Low crowd Middle crowd High crowded
Mean occupancy rates Group (LC) Group (MC) Group (HC) Overall Pior trend
<0.50 0.50-1.00 1.00 < n=120
n=73 n=37 n=10
Hospital beds 477 (380-557) 736 (608-897) 833 (736-1435) 553 (407-796) < 0.001
Occupancy, % 85.6 (79.4-91.4) 90.6 (86.7-94.4) 93.3 (91.7-95.4) 89.3 (82.0-93.9) 0.002
Occupancy by emergency, % 26.3 (14.3-36.8) 36.2 (28.7-45.3) 41.0 (32.6-46.2) 32.5(20.7-40.7) < 0.001
Ratio (elective/emergency) 2.04 (1.30-4.66) 1.66 (1.00-2.35) 1.28 (1.03-1.65) 1.77 (1.16-3.06) 0.119
ED disposition discharge, % 76.9 (73.2-82.8) 75.0 (63.0-80.2) 69.2 (54.2-75.7) 76.5(67.4-81.3) 0.001
Discharge after transfer, % 28.4 (21.2-36.9) 38.0 (28.8-43.9) 37.0 (35.1-40.6) 33.9 (24.0-40.6) < 0.001
Trauma discharge, % 79.1 (71.4-86.2) 81.1(72.8-87.3) 79.6 (67.1-90.0) 80.1(71.1-87.0) 0.531
Unstable patient discharge, % 43.2 (30.2-61.8) 57.4 (44.1-66.6) 45.2 (39.9-52.6) 50.0 (33.8-63.8) 0.224
Transfer, % 0.89 (0.46-1.62) 1.33 (0.57-3.35) 3.09 (2.01-6.00) 0.99 (0.54-2.01) < 0.001
Re-transfer after transfer, % 2.07 (1.16-3.50) 3.32 (1.34-6.98) 6.94 (5.31-11.2) 2.49 (1.27-5.28) 0.031
Trauma transfer, % 1.01(0.47-2.10) 2.04 (0.69-6.08) 4.84 (3.53-9.55) 1.48 (0.54-2.96) < 0.001
Unstable patient transfer, % 2.42 (1.25-5.78) 2.03 (1.30-3.60) 5.06 (3.14-6.95) 2.39 (1.39-5.50) 0.058
Admission, % 17.1 (14.3-21.9) 20.9 (16.2-33.6) 25.7 (19.4-34.2) 18.8 (15.2-24.8) 0.002
Admission after transfer, % 2.07 (1.16-3.50) 3.32 (1.35-6.98) 6.94 (5.31-11.2) 2.49 (1.27-5.28) 0.031
Trauma admission, % 18.2 (11.2-22.3) 12.8 (8.14-20.1) 14.6 (6.73-18.5) 15.5 (6.73-18.5) 0.011
Unstable patient admission, % 33.9 (24.8-43.2) 36.0 (26.9-41.5) 35.0 (31.2-41.9) 34.3 (25.9-42.9) 0.895
Death, % 0.90 (0.65-1.21) 1.33 (0.98-1.96) 1.85 (1.68-2.72) 1.02 (0.74-1.65) < 0.001
Death after transfer, % 2.77 (1.45-4.00) 3.10 (2.11-4.06) 3.66 (2.49-4.63) 2.91 (1.61-4.09) 0.364
Death of injured, % 0.56 (0.38-0.78) 0.91 (0.43-1.56) 0.87 (0.36-1.94) 0.62 (0.38-0.97) 0.001
Death of unstable patient, % 12.8 (6.38-18.5) 9.08 (4.99-11.2) 6.82 (5.58-12.8) 10.1 (65.71-17.5) 0.022

All figures were given in median and interquartile range.
P for trend was calculated based on volume-bed ratio as continuous variable.
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DISCUSSION

In our study, we gathered data from 120 officially designated
EDs and found significant differences in crowding state. Since
Korea has a very high population density and EDs are generally
not very far away from one another, the wide variance among
EDs is noteworthy. In contrast, ED crowding in the USA tends
to rise simultaneously among neighboring institutes, resulting
in gridlocks (29). This implies that national optimization efforts
are required to efficiently solve the problem. The spatial vari-
ance of hospitals and crowding state shown in Fig. 2 also em-
phasizes the need for further investigation on community fac-
tors that affect ED crowding. Many overcrowded EDs are locat-
ed alongside less crowded EDs in metropolitan areas, especially
around Seoul.

Among input factors evaluated in this study, ED crowding
was associated with the number of visits and patient severity
level, both factors reported previously. However, unlike other
studies, the number of patients transferred by ambulances was
not associated with crowding in this study (25,27,30). The num-
ber of patients with injuries and patients referred from other fa-
cilities were negatively and positively associated with crowding
with strong statistical significance, respectively, factors also not
previously described. Patient visits during office hours may im-
ply that EDs serve these patients as walk-in clinics or acute-re-
lief units for chronic conditions, which might be targets for fur-
ther interventions to reduce crowding.

Among throughput factors, the number of healthcare provid-
ers and relative manpower were strongly associated with crowd-
ing level. The absolute number of care providers was higher in
crowded EDs, but the provider-to-patient ratio was lower, con-
sistent with previous studies (25,31). In our dataset, we could
not show specific throughput intervals such as time to triage or
time to certain labs; we instead focused on the length of stay for
specific categories of patients and on the evaluation of their as-
sociations with ED crowding state.

Among output factors, we focused on hospital capacity and
found a positive correlation between hospital bed occupancy
rates and ED crowding state, similar to reports from other stud-
ies (30,32). We also identified a positive association with strong
statistical significance between hospital bed size and crowding.
This finding is contrary to previous reports that in-hospital re-
source expansion would relieve ED crowding, and observation
that requires further investigation (21). The elective: emergency
ratio revealed that hospitals with ED crowding try to admit more
patients from EDs, though a significant proportion of patients
were still admitted from the outpatient department. We also
found diverse outcome differences regarding crowding state
thatincreased secondary transfer of patients, and increased over-
all mortality among EDs with high crowding state.

This study has some practical and potential limitations. First,

http://dx.doi.org/10.3346/jkms.2016.31.8.1331

even though EDs were sampled nationwide, not every ED was
included. All level IIT and some level II EDs were excluded from
this study. Therefore, selection bias is possible. However, our
data showed that ED crowding more frequently occurs at more
comprehensive centers such as level I EDs, so this potential bias
should not have significant affected the results.

Second, we only used occupancy rates as a surrogate marker
of ED crowding. Other indices, such as the number of patients
who leave without being seen (LWBS) and ambulance diver-
sions, were not included in this study (21,28). The cut-off values
of occupancy rate in this study are not consensus values, which
could also influence the outcome.

Third, the study took place in Korea, which has its unique
emergency medical systems. Distinct from western countries,
Korean emergency medical system shows high level of low acu-
ity patients, low rate of ambulance-transported patients, and
frequent transportation among emergency facilities (33-35).

Finally, we only searched for association among factors. We
were unable to identify causal relationships. For example, hos-
pital beds occupied by emergency beds were significantly asso-
ciated with the level of crowding, but it is not clear whether the
association was the result or the cause of crowding.

In conclusion, this nationwide study revealed great dispari-
ties in ED crowding. The number of ED visits, proportion of trans-
fer patients, number of nurses, ED disposition to wards, relation-
ship to other institutes, and ED mortality were factors associat-
ed with ED crowding.
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