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1 Abstract—Background: Emergency physicians differ in
many ways with respect to practice. One area in which inter-
physician practice differences are not well characterized is
emergency department (ED) length of stay (LOS). Objec-
tive: To describe how ED LOS differs among physicians.
Methods: We performed a 3-year, five-ED retrospective
study of non-fast-track visits evaluated primarily by physi-
cians. We report each provider’s observed LOS, as well as
each provider’s ratio of observed LOS/expected LOS
(LOSo/r); we determined expected LOS based on site
average adjusted for the patient characteristics of age,
gender, acuity, and disposition status, as well as the time
characteristics of shift, day of week, season, and calendar
year. Results: Three hundred twenty-seven thousand, seven
hundred fifty-three visits seen by 92 physicians were eligible
for analysis. For the five sites, the average shortest observed
LOS was 151 min (range 106-184 min), and the average
longest observed LOS was 232 min (range 196-270 min);
the average difference was 81 min (range 69-90 min). For
LOSo/iE, the average lowest LOSpg was 0.801 (range
0.702-0.887), and the average highest LOSqo/ was 1.210
(range 1.186-1.275); the average difference between the
lowest LOSq/; and the highest LOSor was 0.409 (range
0.305-0.493). Conclusion: There are significant differences
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in ED LOS at the level of the individual physician, even after ac-
counting for multiple confounders. We found that the LOSq /g
for physicians with the lowest LOSq; at each site averaged
approximately 20% less than predicted, and that the LOSo /g
for physicians with the highest LOSq at each site averaged
approximately 20% more than predicted. © 2018 Elsevier
Inc. All rights reserved.
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INTRODUCTION

The practice patterns of individual emergency physicians,
differ in multiple ways, including the rate of utilization of
advanced imaging, degree of testing, and decision to admit
(1-6). Another area of potential interphysician difference
that has not been extensively explored is the extent to
which emergency physicians differ with respect to
emergency department (ED) length of stay (LOS).

ED LOS is a publicly reported metric for the Centers
for Medicare and Medicaid Services, factors into national
quality rankings, and serves as a driver of patient satisfac-
tion (7). Efforts to improve ED LOS often focus on pro-
cess improvements, without considering the difference
in LOS attributable to personnel (8—10).
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We sought to better understand the differences in ED
LOS between physicians, and describe the degree of inter-
physician differences in ED LOS at five sites. We report
provider-specific observed LOS and the provider-specific
ratio of observed LOS to expected LOS (LOSqp), with
the goal of characterizing and better understanding the
degree of variation in ED LOS that may exist between
providers.

METHODS
Study Design Settings

This was a retrospective study of routinely gathered
operational data. This work was part of a quality-
improvement initiative, and was identified as exempt by
the Mayo Clinic Institutional Review Board.

Study Settings and Populations

EDs at five hospitals provided data for this study; all were a
part of the Mayo Clinic system. None had emergency med-
icine training programs, although two sites (A and D) had
resident physicians from multiple servicesrotating through
the ED. These residents assisted in the evaluation of
approximately 5% of patients at each of these two sites.
We used the common electronic medical record (EMR,;
Cerner®, Kansas City, MO) in use at all sites to identify
ED visits over a 3-year (January 1, 2013—-December 31,
2015) period. We excluded visits that we could not asso-
ciate with an individual physician, such as patients who
left without being seen, patients not associated with any
provider, and patients seen primarily by anurse practitioner
or physician assistant (together, NP/PA). We excluded
visits for which any data point was missing, illogical (i.e.,
LOS <0), or uninterpretable (i.e., disposition of “other”).

All visits seen by physicians who practiced at any point
during the 3-year period (and not simply those who prac-
ticed during all 3 years) were eligible for inclusion. To con-
trol for changes in the operating environment over time,
which could affect the LOS results for individual physi-
cians who entered a practice after the study period began
or left it before the study period ended, we included study
year as a factor in our regression analysis.

We excluded visits seen by low-volume physicians, who
were identified by site medical directors as those who
worked substantially less than others at that site. Site direc-
tors identified low-volume providers based on a subjective
assessment, as substantial variation between sites precluded
the use of global numerical criteria. Of note, at each site
every low-volume provider saw fewer patients than every
non-low-volume provider. We also excluded all visits
with a documented LOS > 10,080 min (7 days) due to their
significant impact on calculating 95% confidence intervals.

Measurements

All data were extracted from the EMR into custom Mi-
crosoft Excel® (Microsoft Corporation, Redmond, WA)
operations reports for each site. One author (SJT) was
responsible for data review and abstraction.

We report age in years, and gender based on patient
declaration. We measured acuity as the Emergency
Severity Index (ESI) score, which the nursing staff as-
signed. We categorized disposition as admitted, dis-
charged (including death), transferred, or placed into
ED observation status. Only one site (Site D) utilized
ED observation; for those patients, LOS ended with
placement into observation status. We used registration
date and time to assign date- and time-based parameters.
We categorized shift as day (07:00-14:59), evening
(15:00-22:59), or night (23:00-06:59). We divided days
of the week into Monday, Tuesday—Friday, or Saturday-
Sunday based on preliminary results from regression an-
alyses suggesting that a three-category division was
appropriate. We divided season into Winter (January—
March), Spring (April-June), Summer (July—September)
and Autumn (October—December). We designated study
year as 1, 2, or 3; these were synonymous with calendar
years 2013, 2014, and 2015, respectively.

Data Analysis

For each visit, we calculated three distinct values. First, we
determined observed LOS, defined as the time interval (in
minutes) between ED arrival and ED checkout. Second, we
determined expected LOS (in minutes) by taking the mean
3-year LOS for each site and adjusting (via a regression
model) for patient age, gender, and acuity; disposition;
and shift, day of week, season, and calendar year. Third,
we determined the ratio of observed/expected LOS
(LOSom).

We then determined mean observed LOS and mean
LOSq for each provider. We note that outlier values
may or may not have led to each individual physician’s
data to qualify as being normally distributed. However,
due to the use of each physician’s mean value, and the
properties inherent in the Central Limit Theorem, we
report each site’s data and the overall physician data using
the descriptor “mean,” and not “median.”

Statistical analysis was performed with SAS version
9.3 (SAS Institute Inc., Cary, NC).

RESULTS

Characteristics of Sites and Study Subjects

There were five EDs in four states. ED characteristics
appear in Table 1. There were 395,890 ED visits during
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