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Abstract

Background: Emergency department (ED) crowding causes increased patient morbid-

ity and mortality. ED occupancy rate (OR; patients by treatment beds) is a common

measure of crowding, but the comparability of ORs between EDs is unknown. The

objective of this investigationwas to investigate differences inORs between EDs using

staff-perceived workload as reference.

Methods: This was a national cross-sectional study in Sweden. EDs provided data

on census, treatment beds, staffing, and workload (1–6) at 5 time points. A base-

line patient turnover was calculated as the average daily census by treatment beds,

denoted turnover per treatment bed (TTB), for each ED. A census ratio (CR), current

by daily census, was calculated to adjust for differences in the number of treatment

beds.

Results: Data were returned from 37 (51%) EDs. TTB varied considerably (mean = 4,

standard deviation = 1.6; range, 2.1–9.2), and the OR was higher in EDs with TTB >4

compared with ≤4, 0.86 versus 0.43 (0.43; 95% confidence interval [CI], 0.27–0.59),

but not workload, 2.75 versus 2.52 (0.23; 95% CI, −0.19 to 0.64). After adjusting for

confounders, both TTB (k = −0.3; 95% CI, −0.49 to −0.14) and OR (k = 3.4; 95% CI,

1.76–5.03) affected workload. Correlation with workload was better for CR than for

OR (r= 0.75 vs 0.60, respectively).

Conclusion:OR is affected by patient-to-treatment bed ratios that differ significantly

between EDs and should be accounted for when measuring crowding. CR is not

affected by baseline treatment beds and is a better comparable measure of crowding

comparedwith OR in this national comparator study.
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1 INTRODUCTION

1.1 Background

Emergency department (ED) crowding occurs when resources do not

match the demand for care and has been shown to increase morbid-

ity and mortality and decrease the quality of ED care.1–4 There is no

consensus on how to measure ED crowding, but several metrics have

been suggested and shown to be associated with decreased quality of

care.4 Occupancy rate (OR), that is, the number of patients in the ED

divided by the number of treatment beds, is one of the most widely

used measures of crowding because of its face validity and ease of

use.1,5 Because of this, it has been promoted over other more com-

plexmeasures with similar ability to identify crowding.4,6 AnOR above

1.0, indicating more patients than treatment beds at a given time, is

generally used as a marker of crowding.6,7 However, such a fixed cut-

off assumes that different EDs are affected similarly by a change in

OR that, among other things, requires that the number of treatment

beds in relation to the census of patients are comparable between

EDs. These potential differences in endogenous ED factors was one of

the reasons why less emphasis was put on volume and census mea-

sures at the 2014 benchmarking summit.8 To our knowledge, differ-

ences in census to treatment bed ratios have not been investigated,

and neither is there a regulatedminimum ratio for the number of treat-

ment beds in the ED. In addition, there are several different opera-

tional models for EDs, such as fast-track,9 rapid assessment zones,10

and vertical split flow,11 which use ED space and treatment beds

differently.

1.2 Importance

With no legislated minimum number of beds and different opera-

tional models, the comparability of crude OR as a measure of crowd-

ing between EDs is unclear. A staff-perceived crowdingmeasuremight

not suffer from this limitation because it can be assumed to be rela-

tive to the normal state at each ED. Staff perception has been used

as a reference for crowding in several previous studies with consistent

results.12–14 Our hypothesis was that baseline differences in the num-

ber of treatment beds in relation to daily census lead to differences in

OR between EDs, which could make crude OR a less reliable crowding

measure.

1.3 Goals of this investigation

In the present study, we aimed to investigate how the number

of treatment beds differ in Swedish EDs and how this affects

crowding estimated by OR compared with the staff perception of

crowding.

The Bottom Line

Current emergency department crowding measures do not

always reflect staff-perceived workload, partly because of

differences in the numbers of beds. Looking at 37 Swedish

hospitals, census ratio (current/daily census) correlated bet-

ter with workload than simple occupancy rate (current

patients/treatment beds).

2 METHODS

2.1 Study design and data collection

As described previously,15 we conducted a cross-sectional, multicen-

ter study for 24 hours on April 25, 2018. All Swedish EDs listed in the

national healthcare institution registry (HSA) were offered to partici-

pate bywritten invitation (e-mail) to the officially listed head of depart-

ment. The written invitation was followed by a telephone call, and par-

ticipationwas confirmed inwriting by the department head.During the

24-hour period, each ED collected data at 5 prespecified time points

(12:00 AM, 6:00 AM, 12:00 PM, 6:00 PM, and 11:59 PM). Data at

each time point included the number of registered patients at the ED,

staffworkload, and number of EDnurses and physicians. Sampling time

pointswere spreadout during theday to allow for temporal differences

in ED attendances, working shift and different assessors. One senior

staff did the workload assessment at each ED and time point and have

previously shown to be a valid approximation of workload.14 We did

not collect data on scheduling models but collected data on healthcare

staff to account for different schedulingmodels. Each ED also provided

informationon theannual andaveragedaily census in theprevious year

(2017) and the number of treatment beds. Data were recorded on a

paper report form by a senior staff member and subsequently submit-

ted in a digital form to the study coordinator. This study was carried

out in accordance with the Declaration of Helsinki.16 This study was

approved for all sites by the regional ethics review board in Linköping,

Sweden (permit reference: 2018/50-31). Informedconsentwaswaived

because no identifiable personal data were collected.

2.2 Definition of data

WedefinedOR according toMcCarthy et al6 as the number of patients

divided by the number of beds where basic care could be provided,

excluding corridor spaces. Physicians were defined as any intern, res-

ident, or attending staffing the ED. Workload was assessed by staff

on a graded Likert scale with anchors from 1 (very low workload) to 6

(very high workload) and used as a reference standard for crowding.14

EDs were classified by their hospital status (academic, community, and

rural) in Sweden, where academic centers are the only centers with
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tertiary, highly specialized care within neurosurgery, cardiothoracic

surgery, transplantations, and advanced burn care. To assess baseline

differences in treatment beds between EDs, we calculated turnover

per treatment bed (TTB) for each ED by dividing the average daily

census with the current number of treatment beds in the ED. We

dichotomized EDs to above and below the mean TTB to investigate its

impact on OR and workload. In a post hoc analysis, we hypothesized

that the census ratio (CR), defined as the number of present patients

divided by the daily census, may differ less between EDs because it

removes the baseline differences in the number of ED beds.

2.3 Statistical analysis

Annual census is reported as a median with interquartile range (IQR).

OR and workload are reported as means with standard deviations

(SDs). Correlation is assessed using linear regression and reported

as Pearson’s correlation coefficient (r). The workload assessment is

treated as a continuous scale in the regression analysis because pre-

vious research by our group has indicated that research participants

treat it as a continuous scale with internally and externally replicable

results.14,17,18 A similar methodology has been used for the National

Emergency Department Overcrowding Study with comparable, repli-

cable results.19–21 Mixed model linear regression, using the restricted

maximum likelihood function,was used to test the effects of TTBonOR

with additional fixed effects and hospital type, hospital size, staff-to-

patient ratio, and ED as random effect variables. The effects of OR and

TTB on assessed workload were investigated similarly. There was evi-

dence that TTB affected the association betweenworkload andOR in a

linear regression model. To test if this effect was relative to the value

of TTB, an interaction variable was created as OR × TTB and added

as a variable to the model. The results of the regression analysis are

reported as coefficients with 95% confidence interval (CIs) and P val-

ues with and without adjustment for multiple comparisons according

to Holm.22 A P value below 0.05 with a 95% CI not crossing 1.0 was

defined as statistically significant. Only EDs that reported complete

data at all time points were included in the analysis. Confounding was

assessed in the mixed models linear regression analyses by adjusting

for time point, hospital type, hospital size, and staff-to-patient ratios.

Assessment at 06:00 was used as a reference for the time point vari-

able, and for hospital type, rural hospital was used as reference.

Data were imported from comma-separated text files submitted

by participating EDs into Pandas data frames (version 0.23.4; https:

//pandas.pydata.org/)23 and analyzed with computer scripts in the

Python programming language (version 3.7.2; https://www.python.

org) using the scipy scientific library (version 1.1; https://www.scipy.

org/)24,25 and statsmodels (version 0.10; https://www.statsmodels.

org)26 for statistical calculations.

3 RESULTS

Complete data were returned from 37 EDs (51%, n = 72). Of 7 univer-

sity hospitals with tertiary care, 5 (75%) reported data, and the geo-

TABLE 1 Meanworkload andOR at each time point

Time point Workload (SD) OR (SD)

12:00 AM 2.7 (1.3) 0.6 (0.4)

6:00 AM 1.3 (0.6) 0.2 (0.1)

12:00 PM 3.0 (1.0) 0.8 (0.3)

6:00 PM 3.2 (1.1) 1.0 (0.6)

11:59 PM 2.9 (1.2) 0.6 (0.4)

Abbreviations: OR, occupancy rate; SD, standard deviation.

F IGURE 1 Correlation between occupancy rate and assessed
workload with colors indicating baseline patient flowmeasured as
patient turnover per treatment bed. Dashed line denotes the 95%
confidence interval for the correlation

graphical distribution of EDs was representative of the population as

reported previously.15 The median census was 37807 (IQR, 22221–

53851). Average OR was 0.6 (SD = 0.5), with a mean assessed work-

load of 2.6 (SD = 1.3). Both workload and OR showed a diurnal varia-

tion with a nadir at 6:00 AM and peak at 6:00 PM (Table 1).

Figure 1 shows that the correlation between the 2 crowding mea-

suresworkload andORwasmoderate (r=0.61). At similarORs, staff in

EDswithhighbaselinepatient flowgenerally (gray to redcolor) seemed

to perceive a lower workload compared with EDs with low baseline

patient flow (blue to gray color).

The average baseline patient turnover (TTB) was 4 (SD= 1.6; range,

2.1–9.2) patients per treatment bed per day. The mean OR was sig-

nificantly higher in EDs with high TTB (>4) compared with low TTB

(≤4), 0.86 versus 0.43 (difference, 0.43; 95% CI, 0.27–0.59; P< 0.001),

but there was no significant difference in mean assessed workload

between the 2 groups: 2.75 versus 2.52 (difference, 0.23; 95% CI,

−0.19 to 0.64; P= 0.22). In a mixedmodel linear regression, the nurse-

to-patient ratio andTTB significantly influencedORwhen adjusting for

ED size, hospital type, average length of stay, and patient-to-physician

ratio (Table 2).

The correlation between workload and OR improved when split-

ting the data set based on high (TTB >4) versus low (TTB ≤4) baseline

patient turnover, with r= 0.66 and r= 0.73, respectively.When adjust-

ing OR levels by baseline patient turnover (OR/TTB), the correlation

with workload in the whole data set improved considerably (r = 0.75).

This may be further simplified as suggested in Equation (1) to yield

https://pandas.pydata.org/
https://pandas.pydata.org/
https://www.python.org
https://www.python.org
https://www.scipy.org/
https://www.scipy.org/
https://www.statsmodels.org
https://www.statsmodels.org
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TABLE 2 Result of themixedmodel linear regressionmodel,
indicating themeasured variables affects occupancy rate

Coefficient (95%CI) P value
Adjusted

P valuea

Hospital type

Community 0.07 (−0.09 to 0.22) 0.41 1.00

Academic 0.02 (−0.15 to 0.20) 0.80 1.00

Patients per staff

Nurses 0.20 (0.16 to 0.25) <0.01 <0.01

Physicians 0.00 (−0.03 to 0.03) 0.83 1.00

Metrics

TTB 0.15 (0.12 to 0.18) <0.01 <0.01

Length of stay 0.00 (0.00 to 0.00) 0.11 1.00

Census 0.00 (−0.00 to 0.00) 0.72 1.00

Intercept −0.28 (−0.53 to−0.02) 0.04 0.24

Random effects 0.02 (−0.13 to 0.17) 0.80 1.00

Abbreviations: CI, confidence interval; TTB, turnover per treatment bed.
aAdjustment according to Holm.22

a CR. The correlation between census and treatment beds was good

(r= 0.77). Following is how to simplify and calculate the CR:

OR
TTB

= (Np∕Nb)∕
(
up∕Nb

)
= Np ∕up (1)

where Np = number of patients, Nb= number of treatment beds, and

up = average daily census

Table 3 shows that in a mixed model linear regression, OR and

TTB (measured by the interaction variable) significantly affected the

assessed workload. The coefficient of the interaction between OR

and TTB was −0.3 (95% CI, −0.49 to −0.14; P < 0.001), suggesting

that under similar conditions, staff at EDs with high baseline patient

turnover assessed workload lower at similar OR compared with EDs

with lower baseline patient turnover. This association remained statis-

tically significant when correcting for multiple comparisons according

to Holm.22

4 LIMITATIONS

The response rate among the invited EDs was only 50%, which lim-

its the generalizability of the results. We believe that this was some-

what mitigated by the diversity in geographical location and size and

type of the participating EDs, making them reasonably lurepresenta-

tive of the healthcare system in Sweden. The studywas conducted dur-

ing a single day in the spring, and seasonal differences could there-

fore not be analyzed.27 Several studies have found seasonal varia-

tion in specific populations in the ED28,29; however, the importance

of seasonal variation on crowding is uncertain.30–32 We were unable

to adjust for patient case mix at each time point, which may influence

staff assessments of workload. Furthermore, the assessment of work-

load was made by 1 senior staff member at each ED, which may limit

TABLE 3 Mixedmodel linear regression on staff-assessed
workload with coefficients and 95% confidence intervals (CIs) for each
variable

Coefficient (95%CI) P value
Adjusted

P valuea

Time point

12:00 AM 0.38 (−0.05 to 0.8) 0.08 0.66

12:00 PM 0.29 (−0.24 to 0.81) 0.28 1.00

6:00 PM 0.28 (−0.27 to 0.84) 0.32 1.00

11:59 PM 0.55 (0.11 to 1) 0.02 0.15

Hospital type

Community 0.27 (−0.26 to 0.81) 0.32 1.00

Academic 0.1 (−0.58 to 0.77) 0.78 1.00

Patients per staff

Nurse 0.1 (−0.1 to 0.3) 0.35 1.00

Physician 0.01 (−0.09 to 0.1) 0.85 1.00

Occupancy

OR 3.4 (1.76 to 5.03) <0.01 <0.01

TTB>4 −0.26 (−0.82 to 0.29) 0.35 1.00

Interaction (OR

× TTB)

−0.3 (−0.48 to−0.12) <0.01 0.01

Intercept 0.84 (0.42 to 1.26) 0.00 0.00

Random effects 0.48 (0.06 to 0.89) 0.02 0.22

Abbreviations: OR, occupancy rate; TTB, turnover per treatment bed.
aAdjustment according to Holm.22

the generalizability to all staff. It was not possible to ask all working

staff at each time point, and previous work by our group indicates that

assessments by senior staff have similar predictive values as the aver-

age assessments of all staff.14

We used workload as the reference standard for crowding in this

study because of its potential to incorporate many contributing fac-

tors of crowding. When evaluating crowding operationally, any 1 mea-

sure of crowding should not be used in isolation but in conjunctionwith

other operational metrics.

5 DISCUSSION

In this national cross-sectional study, we found considerable differ-

ences in baseline patient turnover,measured as TTB, betweenEDs, and

this affects OR but not staff-assessed workload. EDs with low TTB had

lower average ORs compared with EDs with high TTB. This is unsur-

prising becausemore beds are likely to be occupied at any given time in

EDswith fewerbeds in relation to thedaily inflowof patients.However,

the large variation in TTB (from2.1 to9.2 patients per bedper day) sug-

gests considerable differences in organization and operations between

EDs in Sweden. The impact of TTB on measured OR was unchanged

when adjusting for possible confounding variables, indicating that TTB

is an important factor to consider when using OR as a measure of

crowding.
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Because of its simplicity, OR has become a popular measure of

crowding, but our findings indicate that crude OR alone may not be

ideal for comparing crowding between EDs. By definition, 2 EDs are

equally full at equal ORs.6 However, a given OR may not have equal

effects on the level of crowding and the quality of care at different

EDs because of the different operational models or patient popula-

tion differences.9–11,15 Furthermore, there is evidence that the effect

of crowding on patient outcome is non-linear,1–3 with more of the neg-

ative effects at the highest crowding levels. The observed differences

in TTB between EDs in our study and the non-linear relation between

crowding and quality of care may explain some of the mixed results

from studies usingOR as ameasure of crowding.1,5,33 In a recent study

by afUgglas et al, arrival at hourswith anOR in the top5percentilewas

associated with an increased hazard ratio for death at 30 days.1 Simi-

larly, Jo et al found an association between the top quartile of OR and

short-term mortality in an urban Korean ED.34 By using a relative cut-

off of OR when defining crowding, that is, the top quartile or top per-

centiles, these authors adjusted for baseline differences between the

EDs of the type seen in our study. In contrast, Jones et al made no such

adjustment in a multicenter study5 and found no effect on mortality of

different absolute OR cutoffs (0.85–1; 1–1.25;>1.25).

By dividing OR with TTB, accounting for baseline differences in

crowding, we improved the correlation with assessed workload con-

siderably by using each ED as its own control (Equation 1). The CR

is easy to calculate and understand and potentially more comparable

betweenEDs. This is similar to themethods in a study by afUgglas et al,

in which they used the current census in relation to the expected cen-

sus for a givenworkshift andEDas the exposure of crowding and found

it tobeassociatedwith30-daymortality.1 Furthermore,McCusker et al

observed an association between a relativeOR, defined asOR/average

OR, and mortality in a large Canadian study.35 In our study, the corre-

lation between treatment beds and census was good (r= 0.77) but not

perfect, indicating variability in treatment bed ratios that CR may bet-

ter account for and still be easy to use. However, further validation is

needed to investigate the generalizability of our results.

Interestingly, there was no difference in average workload between

EDs with low versus high TTB, which indicates that staff may account

for baseline differences in ED beds when they assess workload.

Whether this is attributed to different ED operational models or

patient populations was not studied. There may also be a psychologi-

cal blunting effect of working in a constantly crowded ED, which may

lead to lower scores of perceived workload and/or perhaps a selection

of individuals who stay andwork in EDswith high degrees of crowding.

6 CONCLUSION

Differences in the number of treatment beds in relation to the num-

ber of presenting patients differ substantially between EDs in Sweden

and affect OR but not necessarily staff-assessed crowding. These dif-

ferences should be accounted for when using OR as a comparator of

crowding between EDs and propose the CR as a simple and readily

available alternative by dividing the current census by the daily aver-

age census.
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