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Background: Overcrowding in the Emergency Department is a problem with many strategies for intervention
such as the physician in triage (PIT). This brief evaluation is designed tominimize diagnostic uncertainty and ex-
pedite thework upwhen the patient is seen in the Emergency Department.We hypothesized that this would in-
crease CT imaging which would be increasingly negative as the pressure to maintain throughput rises on busy
days in the Emergency Department.
Methods: We designed a retrospective study in which ordering patterns of Emergency physicians was explored
using a group of patients with abdominal pain, presenting to triage in a 2 year period. We compared CT ordering
rates on the 5%highest and lowest volumedays (HD5 and LD5) and examined the bivariate relationship between
volume and imaging utilization.
Results: Therewas no statistical significance in the rate of CT's ordered collectively by PIT physicians onHD5 com-
pared with LD5 with a p-value of 0.25. There is a trend toward increased utilization when each physician is com-
pared to themselves on HD5 vs. LD5 but these were not statistically significant differences. The percentage of
“clinically relevant” CTs was not determined to be different, but there was an increase in the LOS when a CT
was ordered on both LD5 and HD5 (HD5 p-value 0.0004; LD5 p-value 0.009).
Conclusion: There is no difference in CT ordering patterns for abdominal pain by PIT between HD5 and LD5. Like-
wise CT ordering patterns do not demonstrate a difference in percentage of clinically relevant CTs.
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1. Introduction

Overcrowding in the emergency department is awell-studied, inter-
national phenomenon that is unfortunately increasing. As reported by
Institute of Medicine in June 2006, while visits to the Emergency De-
partment (ED) are increasing, the number of EDs and hospital beds
are decreasing, leading to extended lengths of stay in the emergencyde-
partment (also known as “boarding”) [1]. In 2008–2010 the mean wait
time to see an Emergency Department physician increased from 45min
(1998–2000) to 55 min [2]. Overcrowding, increasing door-to-doctor
(DTD) time, and length of stay (LOS) are concerning trends due to the
associationwith decreased quality of care, highermorbidity andmortal-
ity, and decreased hospital reimbursement based on quality metrics [3,
4,5,6,7].

Specifically, length of stay has become an increasingly important
topic and focus for hospital administration as it correlates with mortal-
ity as well as patient satisfaction [6,7,8]. Numerous factors have been
cited and studied for possible intervention, including ED throughput.
This refers to factors inherent to the visit itself, which increase length

of stay. This represents opportunities for process improvement such as
managing inadequate staffing, decreased ED beds, increasing acuity,
and increase in use of imaging studies including computed tomography
(CT) as well as increasing procedures [5].

One of the possible solutions to mitigate increased LOS has been the
implementation of a physician in triage (PIT). This has proven to be able
to reduce door-to-doc time, an important core measure tied to reim-
bursement, as well as reduce length of stay in the emergency depart-
ment [9-16]. The PIT provides an initial assessment of the chief
complaint and cursory physical exam enabling the physician to effec-
tively triage the patient as well as order lab work and imaging studies.
This provides the treating physician with study results with the idea
that a prolonged ED coursemay be shortened by resulted studies reduc-
ing diagnostic uncertainty.

This provides an interesting dilemmawith regard to imaging studies
ordered by PIT as this abbreviated exammay lead to investigationswith
independent impact on LOS. Of specific scrutiny is the ED physicians' in-
creasing utilization of the CT scan and its correlation to longer LOS, as
well as increase cost and radiation exposure [8,17]. Between the years
2000 and 2010 the utilization of advanced imaging studies, CT and
MRI, increased by 3.1 times (from 5 to 17%) [2]. Eighteen percent of
working age adults and 29% of ED visits by patients over 65 include ad-
vanced imaging of some kind [2]. This increasing use not only increases
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cost, but also increases radiation exposure and cancer risk beyondwhat
we estimate or may fully understand [18].

The ED offers immense diagnostic uncertainty, and ordering prac-
tices for ED physicians are influenced by a variety of stressors and indi-
vidual biases unique to the emergency medicine provider and the
environment in which they work [19,20]. ED physicians endure a high
cognitive load due to a continuous flow of patients being evaluated in
parallel, often with incomplete information, and the responsibility to
rule out high risk diagnosis while maintaining the safety and through-
put of the department [20]. The speed, breadth, and volume of critical
thinking with the added pressure of throughput requires the ED physi-
cian to rely heavily on cognitive short cuts such as pattern recognition
and heuristics [19,20,21]. And, while invaluable to the seasoned physi-
cian, these tools lend themselves to associated cognitive errors
[19-22]. Additionally, studies in cognitive psychology suggest that this
high cognitive load actually shapes decision-making and may lead to a
less systematic approach and more risk adverse behavior [20,23]. Over-
crowded days in the emergency department can exert a tremendous
stress on the ED physician as the pressure to maintain throughput
rises [20]. A 2016 study performed by Gorski et al. found that volume
of the ED waiting room positively affected admission rates [24]. With
special consideration to the PIT, this abbreviated evaluation, may lend
itself to increased dependence on quick judgments based on uncon-
scious pattern recognition, which may impact ED ordering patterns.

Therefore, we designed a retrospective study to describe the CT or-
dering patterns of the PITwith relation to the ED volume as an environ-
mental stressor. We hypothesized that the pressure of increasing
throughput by the PIT on the busiest days in the emergency department
leads to an increase in utilization of CT and therefore an increase in the
rate of negative CT results. Furthermore,we believe,with each physician
acting as their own control, ordering patternsmay change on a busy day
in the ED from even the same physician. Physician in triage offers a
unique opportunity to examine ordering patterns of individual physi-
cians and the effect of volume and throughput pressure.

2. Methods

This studywas approved by the hospital's institutional review board
on 2/9/15. It was conducted in the Emergency Department of a 410 bed,
community hospital located in a suburban area servicingMid-Michigan.
The hospital is a level II Trauma Center and Stroke Center also housing
multiple medical and surgical residencies and fellowships including a
dually (ACGME and AOA) accredited Emergency Medicine Residency.
The Emergency Department is a 47 bed ED with over 64 000 annual
ED visits and a 28% admission rate. The Emergency Department features
a Physician in Triage, which was implemented in July 9, 2012 and is ac-
tive daily 12-10 pm.

The population to be studied was the emergency medicine physi-
cians working in triage from January 1, 2013 to December 31, 2014. In
order to definehigh and lowvolume shifts, ED census datawas obtained
from the ED quality dashboard and we defined a “high volume day”
(HD5) as census being in the top 5% of the 2- year period and “low

volume day” (LD5) being in the bottom 5% of the 2-year period. We
then used patient visit data from those days to determine whether the
PIT physician ordered CTs, in order to evaluate their ordering patterns,
as a group.

In order to standardize our study, we narrowed the presenting chief
complaint to that of abdominal pain. In this study we included all pa-
tients 18 to 100 years old presenting to the ED through triage with the
chief complaint of abdominal pain during the hours of the PIT physician.
Patients who arrived by EMS were excluded, as the triage physician
does not evaluate them. Data points we collected for these patient en-
counters and are listed in Table 1. Themodification of theCharleston Co-
morbidity Index is represented in Table 2 [25,26]. Patient's who
underwent a CT ordered by a physician other than the triage physician
such as a resident, physician extender, or a main ED physician were
counted as not having a CT ordered by the PIT physician.

Pearson correlation coefficients were computed to examine the bi-
variate relationship between ED volume and rate of CTs ordered in tri-
age. In the initial power analysis, significance of p b 0.05 and power of
at least 80% required a minimum of 300 cases for the sample size. We
determined our study time period based on the power analysis and
PIT volume.

Once this data was extracted, we compared the rate of CT ordering
by PIT between LD5 and HD5. Additionally, CT results were obtained
and coded as positive or negative in order to compare the rate of posi-
tive CTs ordered by the PIT on LD5 andHD5. In order to do this, two sep-
arate physicians individually evaluated the results and scored them as
positive or negative based on “clinically relevant” findings. Each physi-
cian determined this definition individually. Disagreement between
the physicians was resolved by a third physician's evaluation. CT posi-
tive and negative rateswere correlatedwith volume as secondary bivar-
iate analysis.

We then coded each PIT physician who evaluated patients on both
LD5 and HD5 with a letter (A–L) in order to compare the data with

Table 1
Primary study variables.

Demographics Visit details

Gender Visit chief complaint
Age at presentation ED door time (date and time)
Race Disposition time (date and time)
Comorbidities by ICD-9 Codes
included in Charleston Index

ED Data CT Details
ED daily census CT type ordered
Triage physician Ordering physician

CT result

Table 2
Charlson cormorbidity index scoring criteria.

Weight Conditions ICD-9 Codes

1 Myocardial infarct
Congestive heart failure
Peripheral vascular disease
Dementia
Cerebrovascular disease
Chronic pulmonary disease
Connective tissue disease
Ulcer disease
Mild liver disease

410, 411
398, 402, 428
440–447
290, 291, 294
430–433, 435
491–493
710, 714, 725
531–534
571, 573

2 Hemiplegia
Moderate or severe renal disease
Diabetes
Any Tumor
Leukemia
Lymphoma

342, 434, 436, 437
403, 404, 580–586
250
140–195
204–208
200, 202, 203

3 Moderate or severe liver disease 070, 570, 572
6 Metastatic solid tumor 196–199

Table 3
Comparative findings between low and high volume groups.

Lowest 5% Highest 5% p-Value

Volume cutoff ≤145 patients ≥204 patients
Average ED volume 139.8 ± 4.6 216.5 ± 12.6 b0.001
Age 42.9 ± 17.5 years 44.8 ± 17.1 years 0.28
Gender 33.1% male

66.9% female
30.6% male
69.4% female

0.61

Race 88.7% White
9.3% Black

87.5% White
11.2% Black

0.72

Charleston index score 1.37 ± 2.2 1.69 ± 2.8 0.24
Average length of stay 240.0 ± 107.42 min 372.6 ± 153.1 min b0.001
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