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Study objective: Laboratory test use varies across emergency departments (EDs), yet little is known about the effect of this
variation on outcomes. The aim of this study is 2-fold: to stratify EDs into clusters based on similar test use, and to determine
whether the clusters differ in patient operational outcomes among patients presenting to EDs with undifferentiated chest pain.

Methods: We conducted a retrospective cohort study of 222,788 patients presenting with undifferentiated chest pain at 44 EDs
across New South Wales, Australia, from January 2017 to September 2018. The operational outcomes measured in this study
included ED length of stay, hospital admission, the Emergency Treatment Performance target, and 7- and 15-day all-cause and
same-cause ED revisit rates. We performed a hierarchic cluster analysis to identify ED clusters and mixed-effects models to
determine the association between the clusters and the operational outcomes.

Results: Two ED clusters, moderate users (18 EDs) and high users (26 EDs), were identified. After adjustment for confounders,
the median ED length of stay was greater by 15.7% (equivalent to 33.4 minutes) in high versus moderate users (95% confidence
interval 6.62 to 25.52 minutes), and high users were less likely to achieve the Emergency Treatment Performance target versus
moderate users (odds ratio 0.66; 95% confidence interval 0.50 to 0.86). There were no significant differences between the users
in hospital admission and ED revisit rates.

Conclusion: Our findings suggest that reducing test use may reduce ED length of stay and improve the chance of achieving the
Emergency Treatment Performance target. [Ann Emerg Med. 2021;78:163-173.]
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INTRODUCTION
Chest pain is one of the leading causes of emergency

department (ED) presentations in Australia and globally.1-3

In Australia, more than 300,000 patients (approximately
3.8% of all visits) present with chest pain–related complaints
annually, making chest pain the second most common
reason for ED presentations.1 The causes of chest pain may
vary from mild noncardiac pain originating from other
conditions such as musculoskeletal and gastrointestinal
diseases to a more severe and life-threatening cardiac pain
such as acute myocardial infarction.4 The majority of
patients presenting to EDs with chest pain subsequently
receive a low-risk noncardiac pain diagnosis,4,5 which may
1 : July 2021
not require hospital admission. Appropriate diagnostic
evaluation in the ED is therefore critical to differentiate the
origin of chest pain and to potentially avoid unnecessary
hospital admission for low-risk cases.

Laboratory investigations, along with other diagnostic
modalities such as medical imaging,6-8 play an important role
in the initial evaluation of undifferentiated chest pain
complaints in the ED. Troponin has traditionally been one of
the key laboratory tests in the diagnosis of chest pain.8-10 The
Australasian College of Emergency Medicine and the Royal
College of Pathologists of Australasia (ACEM/RCPA)
guideline recommendsCBC count, troponin level (if ischemic
heart disease is suspected), electrolyte-urea-creatinine level,
and glucose level as the initial laboratory investigations for
chest pain in the ED. The guideline also recommends
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Editor’s Capsule Summary

What is already known on this topic
Emergency department (ED) processes of care and
outcomes vary across sites.

What question this study addressed
In patients presenting with chest pain, do ED care
and outcome differ according to basic laboratory use
testing patterns?

What this study adds to our knowledge
In a 44-hospital site review of 222,788 encounters,
high-test-using sites had longer length of stay and less
frequently hit target process times compared with
lower-test-using sites, but ED revisit and
hospitalization rates at 7 and 15 days did not differ.

How this is relevant to clinical practice
Reducing ED testing variation may improve
timeliness of care without affecting outcome.
considering (not routinely obtaining) liver function and D-
dimer testing based on the suspected cause of chest pain.11

The ACEM/RCPA guideline was first published in 2013.
Its purpose is to facilitate appropriate and consistent
laboratory-test-ordering practices in EDs. However, our
previous study into the use of this guideline indicated
substantial variation in the ordering of certain laboratory
tests in the ED.12 In an effort to reduce variation in
laboratory investigations across EDs in New South Wales
(NSW), the most populous state in Australia, NSW Health
Pathology recently introduced a statewide project called the
NSW Pathology Atlas of Variation.13 The NSW Pathology
Atlas of Variation aims to investigate the variation that exists
across NSW and to engage with local health districts within
the state to reduce variation where it may be unwarranted. As
part of this large project, the current study sought to evaluate
variation in ED laboratory investigations and its association
with patient operational outcomes specifically in patients
presenting with undifferentiated chest pain.

Although there have been several studies evaluating
variation in the use of laboratory tests in the ED,12,14-16

little is known about whether variation in testing at practice
level is linked with differences in patient operational
outcomes. Two studies that examined the relationship
between practice variation in laboratory investigations and
outcomes for ED patients have been conducted in pediatric
populations.17,18 Understanding the effect of practice
variation in testing on operational outcomes such as ED
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length of stay and hospital admission is key to enhancing
the appropriateness of test choices and potentially reducing
unnecessary resource use.

The aim of this study was 2-fold: to stratify EDs into
homogenous groups (clusters) based on similar test-ordering
patterns; and to determine whether the clusters differ in
operational outcomes (eg, ED length of stay) among patients
presenting to EDs with undifferentiated chest pain.
MATERIALS AND METHODS
Study Design and Setting

We performed a multisite, retrospective cohort study
using data extracted from 44 major public hospital EDs
(EDs 1 to 44) across 15 local health districts in NSW,
Australia. The study period was from January 1, 2017, to
September 30, 2018. Table E1 (available online at http://
www.annemergmed.com) outlines the nature of the study
hospitals, including their local health district (local health
districts 1 to 15), peer group, and overall and
undifferentiated chest pain–related ED visits during the
study period. Local health districts are responsible for
managing public hospitals and health institutions across
NSW. They provide health services to specified geographic
areas, with 8 local health districts providing services to the
greater Sydney metropolitan areas, whereas 7 provide
services to rural and regional areas of NSW. Peer group is a
system of classifying hospitals according to shared
characteristics and the level of services they provide.19 Of
the 44 EDs, 12 are classified as A1 (principal referral), 1 as
A3 (ungrouped acute–tertiary referral), 10 as B1 (major
hospital group 1), 8 as B2 (major hospital group 2), and 13
as C1 (district group 1) (Table E1, available online at
http://www.annemergmed.com). A1 hospitals are among
the largest in the Australian health system, with annual
acute weighted separations of greater than 35,000 and
providing a very broad range of services, including 24-hour
EDs, ICUs, and other highly specialized units.20 Major
hospitals (B1 and B2) are relatively large, with annual acute
weighted separations between 10,000 and 35,000 but do
not provide the range of services provided by the A1
hospitals. C1 hospitals are small, with annual acute
weighted separations between 4,000 and 10,000, whereas
A3 have specialist acute roles not suitable for any other role-
based group and tertiary referral status.19,20
Selection of Participants
The study participants included adult or pediatric

patients who presented to the study EDs during the study
period with undifferentiated chest pain. The study
participants were identified with a “presenting problem”
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data field in the Health Information Exchange database.
The presenting problem is a triage nurse–entered clinical
problem indicating the main reason for the patient’s ED
presentation.21 These data were entered at patient triage.
The presenting problem is selected from a coded list of
problems available in the electronic medical record. The
presenting problem terminologies, including “pain, chest,”
“chest pain,” “pain—chest,” and free-text entries indicating
undifferentiated chest pain (eg, “chest pain 15 days on and
off,” “chest pain 4/7”), were used to identify the study
participants.

All undifferentiated chest pain–related emergency
presentations were considered for inclusion regardless of
whether laboratory tests were ordered. However,
nonemergency presentations such as planned return visits,
unplanned return visits for continuing conditions, and
prearranged admission with or without ED evaluation were
excluded. Patients who presented with multiple complaints
including chest pain were excluded.
Data Collection and Processing
We used linked and deidentified routinely collected

administrative and clinical data. Relevant data were
obtained by linking the NSW Health Pathology Data
Warehouse and the NSW Health Information Exchange
databases. The information about these databases and data
linkage procedures has been reported elsewhere.22-25 The
NSW Health Pathology Data Warehouse contains
laboratory order data (eg, name of tests ordered, facility
associated with the order). The Health Information
Exchange contains data about ED presentation
characteristics (eg, presenting problem, triage category,
mode of arrival), patient demographics (eg, age, sex),
preliminary ED diagnosis, throughput indicators (eg, time
from arrival to departure), and patient disposition (eg,
mode of separation). The ED diagnoses were reported with
the ED International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision, Australian
Modification system.

We used both the quantity (number) and types of test
indicators in the identification of ED clustering. We
included the top 15 frequently ordered tests for
undifferentiated chest pain, which comprised CBC count,
electrolyte-urea-creatinine level, troponin level, liver
function test, calcium magnesium phosphate (CaMgP04)
level, glucose level, C-reactive protein level, coagulation
panel, lipase level, blood gas level, D-dimer level, albumin
level, thyroid function test, glycated hemoglobin A1c, and
cardiac enzyme levels. These tests accounted for 85.2% of
the total tests ordered for undifferentiated chest pain.
Volume 78, no. 1 : July 2021
Laboratory test use (the total number and the ordering of
each of the 15 tests) was aggregated at ED level. We
defined ED-level test use by summarizing the total number
of tests ordered at the 10th, 25th, 50th, 75th, and 90th
percentile, and determining the percentages of patients for
whom each of the 15 tests had been ordered during the
encounter.
Outcome Measures
The primary operational outcome measures were ED

length of stay and hospital admission. ED length of stay
was defined as the length of time between arrival and
separation from the ED. The secondary operational
outcome measures included the achievement of the
Emergency Treatment Performance target, 7- and 15-day
all-cause and same-cause ED revisit rates, and 7- and 15-
day all-cause and same-cause ED revisits with
hospitalization. The achievement of the Emergency
Treatment Performance target was defined as a disposition
of patients (discharge or admission as an inpatient) within 4
hours of ED arrival.26 The ED revisit data were obtained
from the 44 study EDs. The 7- and 15-day all-cause ED
revisits were defined re-presentations to any of the study
EDs with any condition within 7 and 15 days, respectively.
The 7- and 15-day same-cause ED revisits were defined as
re-presentations to any of the study EDs with
undifferentiated chest pain within 7 and 15 days,
respectively. The 7- and 15-day all-cause ED revisits with
hospitalization were defined as re-presentations to any of
the study EDs with any condition within 7 and 15 days,
respectively, with patients subsequently admitted to
hospitals. The 7- and 15-day same-cause ED revisits with
hospitalization were defined as re-presentations to any of
the study EDs with undifferentiated chest pain within 7
and 15 days, respectively, with patients subsequently
admitted to hospitals.
Primary Data Analysis
We used agglomerative hierarchic clustering according

to the Wards linkage method to identify ED clustering
based on the laboratory test use. Agglomerative hierarchic
clustering is one of the commonly used unsupervised
machine-learning techniques in cluster analysis.27 The
purpose of cluster analysis is to group similar data points
into distinct clusters in which members of the same cluster
have similar characteristics but different from those of
members of other clusters. Twenty variables—including 5
related to the number of tests ordered (that is, the 10th,
25th, 50th, 75th, and 90th percentile) and 15 related to the
percentages of the ordering of each of the selected
Annals of Emergency Medicine 165
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tests—were used in the cluster analysis. The variables were
scaled to put them all on a common scale before the
clustering process. The optimal number of clusters was
determined with the Calinski-Harabasz pseudo-F index and
Duda-Hart Je(2)/Je(1) index.28 For both indexes, larger
values indicate the ideal number of clusters. The cluster
validity was evaluated with the Silhouette validity index.29

Silhouette values range from –1 to 1, with a larger value
indicating better clustering quality.

After the number of clusters was identified, patient case
mix was compared across clusters with c2 statistics for
categoric variables and Wilcoxon rank sum test for
continuous ones. Multilevel mixed-effects (linear or
logistic) models with hospital-specific random intercepts
were used to evaluate the association between the ED
clusters and outcome measures. Multilevel mixed-effects
linear models were used for continuous outcomes (ED
length of stay). We log transformed the ED length of stay
because this was highly skewed. For interpretation
purposes, results from the log-transformed models were
back transformed onto the original metrics and presented as
a percentage increase, using a formula exp(estimate)

–1)�100.
Multilevel mixed-effects logistic models were used for
binary outcomes (eg, hospital admission). The strength of
association was estimated with odds ratio with 95%
confidence interval. All mixed-effects analyses were
adjusted for both level-1 variables (patient case mix), which
included age category (10-yearly increase), sex, triage
category, arrival time, mode of arrival, and time from arrival
to see the physician; and level-2 variables (hospital
characteristics), including the local health district and peer
group of the ED. There were no major missing data issues
in the data set used in this study except for the ED
diagnosis variable, in which approximately 17% of the total
records were missing. Analyses were conducted with Stata
(version 16; StataCorp, College Station, TX).

This study received ethical approval from the
NSW Population and Health Service Research Ethics
Committee.
RESULTS
Characteristics of Study Subjects

A total of 222,788 patients who presented to the EDs
with complaints of chest pain during the study period
fulfilled the inclusion criteria. The preliminary ED
discharge diagnosis was available for 83% (n¼184,911) of
these presentations. The top 10 ED diagnoses are presented
in Table E2 (available online at http://www.annemergmed.
com). Overall, the median patient age was 55 years
(interquartile range 39 to 70 years), 52.6% (n¼117,248)
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were men, and 74.5% (n¼165,869) were triaged as either
resuscitation or emergency (Table 1).

Two distinct ED clusters were identified based on
similar test-ordering patterns. Figure E1 (available online at
http://www.annemergmed.com) shows a dendrogram of
hierarchic cluster analysis. Evaluation of the cluster validity
with the Silhouette method revealed an average Silhouette
width of 0.48 (0.61 and 0.38 for clusters 1 and 2,
respectively), indicating a good clustering quality. Cluster 1
contained 18 EDs with 86,094 (38.6%) patient
encounters, whereas cluster 2 contained 26 EDs with
136,694 patient encounters (61.4%). Cluster 1 EDs
ordered fewer tests than cluster 2 EDs, and thus for
simplicity the clusters were named moderate users (cluster
1) and high users (cluster 2).

Table 1 compares the patient case mix across the
clusters. There were significant differences in most of the
variables. Moderate users had more female patients
(48.2% versus 46.9%); relatively older patients (a median
of 57 versus 54 years); more patients in urgent,
semiurgent, and nonurgent triage categories; and more
patients arriving at EDs between 7 AM and 1 PM and by
ambulance relative to high users. Conversely, high users
had more patients in resuscitation and emergency triage
categories, more patients arriving between 7 PM and 1 AM,
and shorter time from ED arrival to consult a physician
relative to moderate users. There was no significant
difference in ED arrival day of the week between the
clusters (Table 1).

There was no significant difference in the hospital peer
group distributions across the clusters. The number of EDs
in each cluster from each hospital peer group and local
health districts is shown in Figure E2 (available online at
http://www.annemergmed.com). All EDs from local health
districts 1, 2, 5, and 10 were moderate users, and all EDs
from local health districts 6, 7, 9, 12, 13, and 15 were high
users. EDs from local health districts 3, 4, 11, and 14 were
in both clusters.

The clusters differed significantly both in terms of the
number and type of tests ordered. The median number of
tests per encounter that were ordered by moderate versus
high users were 5 and 7, respectively, a median difference of
2 tests per encounter. The median number of tests per
encounter ranged from 3 to 7 across moderate users and
from 7 to 9 across high users. The proportion of patients
who did not receive laboratory tests was 14.3%
(n¼12,265) and 9.8% (n¼13,378) in moderate and high
users, respectively (Figure 1).

There were significant differences across the clusters
(higher for clusters 2 versus 1) in the ordering of almost
every laboratory test evaluated except blood gas and HbAlc
Volume 78, no. 1 : July 2021
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Table 1. Comparison of patient case mix across the clusters.

Variable Overall Cluster 1, Moderate Users Cluster 2, High Users

Total EDs, No. (%) 44 18 (40.9) 26 (59.1)

Total patient encounters, No. (%) 222,788 86,094 (38.6) 136,694 (61.4)

Sex, No. (%)

Men 117,248 (52.6) 44,637 (51.8) 72,611 (53.1)

Women 105,540 (47.4) 41,457 (48.2) 64,083 (46.9)

Age, median (IQR), y 55 (39–70) 57 (41–72) 54 (37–69)

Triage category, No. (%)

Resuscitation 3,551 (1.6) 1,170 (1.4) 2,381 (1.7)

Emergency 162,318 (72.9) 60,932 (70.8) 101,386 (74.2)

Urgent 46,791 (21.0) 18,481 (21.5) 28,310 (20.7)

Semiurgent 9,483 (4.3) 5,204 (6.0) 4,279 (3.1)

Nonurgent 645 (0.3) 307 (0.4) 338 (0.3)

ED arrival time, No. (%)

1 AM–7 AM 25,325 (11.4) 9,795 (11.4) 15,530 (11.4)

7 AM–1 PM 67,199 (30.2) 27,103 (31.5) 40,096 (29.3)

1 PM–7 PM 74,448 (33.4) 29,030 (33.7) 45,418 (33.2)

7 PM–1 AM 55,816 (25.1) 20,166 (23.4) 35,650 (26.1)

ED arrival day of week, No. (%)

Weekday 165,320 (74.2) 64,026 (74.4) 101,294 (74.1)

Weekend 57,468 (25.8) 22,068 (25.6) 35,400 (25.9)

Mode of arrival, No. (%)

Private car 135,056 (60.6) 51,853 (60.2) 83,203 (60.9)

Ambulance 80,342 (36.1) 33,225 (38.6) 47,117 (34.5)

Other (eg, bus) 7,390 (3.3) 1,016 (1.2) 6,374 (4.6)

Time from arrival to consult
physician, median (IQR), min

21 (9–55) 24 (10–61) 18 (8–50)

Time from arrival to first test
sample received at the laboratory,*
median (IQR), min

49 (34–74) 46 (32–68) 51 (35–78)

IQR, Interquartile range.
The clusters were compared with c2 statistics for categoric variables and Wilcoxon rank sum test for continuous variables.
*For patients who received at least one laboratory test (n¼197,145).
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ordering. Of the 15 tests evaluated, the greatest variation
was observed in the ordering of glucose, C-reactive protein,
liver function, and CaMgP04) tests. For instance, after
adjusting for patient case mix, the likelihood of ordering
glucose was 12.74 times greater for high versus moderate
users (95% CI 6.08 to 26.71). There were modest but
statistically significant differences between the clusters for
most frequently ordered tests such as CBC count,
electrolyte-urea-creatinine level, and troponin level
(Figure 2).

Table 2 presents the results of mixed-effects models
evaluating the associations between the clusters and the
study outcomes. In the unadjusted analysis, the clusters
were significantly different only in all-cause ED revisit
Volume 78, no. 1 : July 2021
rates. However, after adjustment for patient case mix and
hospital characteristics, significant differences were
observed for several outcomes. High users had longer ED
length of stay compared with moderate users. All other
variables being equal, the median ED length of stay was
significantly greater, by 15.69%, in high versus moderate
users (95% CI 6.62% to 25.52%). This is equivalent to a
33.4-minute difference in median ED length of stay
between the clusters. High users were less likely to achieve
the Emergency Treatment Performance target compared
with moderate users (adjusted odds ratio 0.66; 95% CI
0.50 to 0.86). There were no significant differences
between the clusters in hospital admission, all-cause and
same-cause ED revisit rates, or all-cause and same-cause ED
Annals of Emergency Medicine 167
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Figure 2. Comparison of use of the top 15 tests ordered for undifferentiated chest pain. Multilevel logistic mixed-effects models
were used to compare the use of the tests. All odds ratio are adjusted for patient case mix (age, sex, triage category, arrival time,
and mode of arrival). NS, Nonsignificant. All adjusted odds ratio analyses were significant except for blood gas and HbA1c. OR, Odds
ratio; FBC, full blood count; EUC, electrolyte urea creatinine; LFT, liver function test; CRP, C-reactive protein; Coags, coagulation
panel; TFT, thyroid function test; HbA1c, glycated hemoglobin A1c.
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revisits with hospitalization in the adjusted analysis
(Table 2).

The findings of discharged patients were consistent with
the findings of the analysis that included all patient
encounters for most outcome measures. For instance, in the
adjusted analysis, the median ED length of stay was greater
by 16.8% (equivalent to 32.4 minutes) in high versus
moderate users. However, unlike the analyses that included
all patient encounters, we found a significant association
between the clusters and all-cause (but not same-cause) ED
revisit rates, with high users having a lesser likelihood of 7-
and 15-day all-cause ED revisit compared with moderate
users (Table 2).
Figure 1. Comparison of the number of tests ordered per patient en
and 75th percentiles). The middle line within the boxes indicates the
10th and 90th percentiles. Median number of tests ordered for clu
ED 37, maximum median¼7 (IQR 2 to 9) at ED 27, median of EDs
(IQR 3 to 7). Median number of tests ordered for cluster 2, high-us
median¼9 (IQR 7 to 10) at ED 6, median of EDs medians¼7.5 (IQ
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LIMITATIONS
The main strength of this study is the inclusion of a

large sample from multiple sites that included 44
hospital EDs. Another strength is we used a number of
variables related to test use in the cluster analysis. This
study should be interpreted in the context of the
following limitations. First, the main limitation is the
lack of test results and data on medical imaging tests.
Imaging tests such as ECG and chest radiography play a
critical role in the diagnosis of chest pain and subsequent
disposition decisionmaking.30,31 Our analysis did not
consider the effect of test results and medical imaging
because we did not have access to these data. Thus, the
counter across clusters 1 and 2. Boxes represent the IQR (25th
median (50th percentile) value and the whiskers represent the

ster 1, moderate-user EDs: minimum median¼3 (IQR 3 to 5) at
medians¼5.5 (IQR 5 to 6), and all cluster 1 EDs combined¼5
er EDs: minimum median¼7 (IQR 6 to 9) at ED 34, maximum
R 7 to 8), and all cluster 2 EDs combined¼7 (IQR 6 to 9).
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Table 2. Generalized mixed-effects model showing associations of ED clusters with patient operational outcomes.

Variable Overall
Cluster 1,

Moderate Users
Cluster 22
High Users

High vs Moderate Users

Unadjusted Adjusted*

All patient encounters n¼222,788 n¼86,094 n¼136,694 % Increase (95% CI) % Increase (95% CI)

ED LOS, min

Median (IQR) 228 (163 to 341) 227 (159 to 334) 229 (165 to 346) 2.36 (–5.91 to 11.35) 15.69 (6.62 to 25.52)

Mean (SD) 294.7 (451.6) 284.9 (644.9) 300.9 (265.2)

Odds ratio (95% CI) Odds ratio (95% CI)

ETP 4-h target, No. (%) 128,675 (57.8) 49,488 (57.5) 79,187 (57.9) 1.08 (0.84 to 1.39) 0.66 (0.50 to 0.86)

Hospital admission, No. (%) 104,428 (46.9) 35,875 (41.7) 68,553 (50.2) 1.32 (0.87 to 2.01) 1.59 (0.99 to 2.54)

All-cause ED revisit, No. (%)

7-d ED revisit 14,839 (6.7) 6,326 (7.4) 8,513 (6.2) 0.84 (0.72 to 0.98) 0.97 (0.85 to 1.11)

7-d ED revisit with hospitalization 5,988 (2.7) 2,186 (2.5) 3,802 (2.8) 1.09 (0.87 to 1.37) 1.27 (0.92 to 1.75)

15-d ED revisit 22,307 (10.0) 9,363 (10.9) 12,944 (9.5) 0.85 (0.73 to 0.98) 0.98 (0.86 to 1.10)

15-d ED revisit with hospitalization 10,318 (4.6) 3,771 (4.4) 6,547 (4.8) 1.06 (0.87 to 1.31) 1.27 (0.98 to 1.64)

Same-cause ED revisit, No. (%)

7-d ED revisit 5,522 (2.5) 2,272 (2.6) 3,250 (2.4) 0.87 (0.72 to 1.05) 1.15 (0.93 to 1.43)

7-d ED revisit with hospitalization 2,341 (1.1) 839 (1.0) 1,502 (1.1) 1.05 (0.82 to 1.33) 1.12 (0.80 to 1.55)

15-d ED revisit 8,521 (3.8) 3,452 (4.0) 5,069 (3.7) 0.89 (0.76 to 1.04) 1.12 (0.96 to 1.30)

15-d ED revisit with hospitalization 4,091 (1.8) 1,458 (1.7) 2,633 (1.9) 1.07 (0.86 to 1.34) 1.22 (0.93 to 1.61)

Discharged patients only n[104,853 n[45,491 n[59,362 % Increase (95% CI) % Increase (95% CI)

ED LOS, min

Median (IQR) 216 (156 to 298) 213 (151 to 293) 218 (159 to 301) 2.37 (–7.10 to 12.80) 16.80 (8.17 to 26.11)

Mean (SD) 247.1 (172.6) 241.4 (148.1) 251.4 (189.1)

Odds ratio (95% CI) Odds ratio (95% CI)

ETP 4-h target, No. (%) 65,925 (62.9) 28,727 (63.2) 37,198 (62.7) 1.04 (0.77 to 1.40) 0.60 (0.48 to 0.74)

All-cause ED revisit, No. (%)

7-d ED revisit 7,248 (6.9) 3,473 (7.6) 3,775 (6.4) 0.80 (0.69 to 0.94) 0.85 (0.74 to 0.97)

15-d ED revisit 10,046 (9.6) 4,795 (10.5) 5,251 (8.9) 0.80 (0.69 to 0.93) 0.85 (0.75 to 0.96)

Same-cause ED revisit, No. (%)

7-d ED revisit 2,425 (2.3) 1,129 (2.5) 1,296 (2.2) 0.85 (0.69 to 1.06) 1.12 (0.86 to 1.45)

15-d ED revisit 3,521 (3.4) 1,627 (3.6) 1,894 (3.2) 0.86 (0.72 to 1.02) 1.07 (0.89 to 1.29)

*Adjusted for both level-1 (triage category, age, gender, mode of arrival and time of arrival and time to see doctor) and level-2 (local health district and peer group) variables. %
increase was determined by transforming the log-transformed estimate of the outcomes back to the original metrics using a formula (exp(estimate)-1)x100. ETP, Emergency
Treatment Performance; LOS, length of stay.
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differences between the clusters in some of the
operational outcomes could also be due to potential
differences in laboratory or imaging test results, not only
just because of variations in laboratory test use. Second,
because the study was a type of observational study, our
findings of the associations between ED clusters and
operational outcomes should not be interpreted as cause-
and-effect relationships. Our analyses were not adjusted
for other important factors such as access block32,33 and
treatment-related factors,34 which may have confounded
the results. Third, the association of ED clusters with
ED revisit should be interpreted carefully. The ED
170 Annals of Emergency Medicine
revisit data were based on a revisit to one of the study
EDs. Although our study included major public
hospitals in NSW, there were other public and private
hospitals in NSW that were not included in this study.
Therefore, the ED revisit data do not capture any
potential revisit activities occurring in EDs not included
in the study. Fourth, the presenting problem, a triage
nurse–entered data field, has some limitations, as
outlined previously.13,35 Although most of the
presenting problem terminologies used to indicate chest
pain are consistent across the study hospitals, there were
some free-text terminologies and discrepancies in the use
Volume 78, no. 1 : July 2021
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of the free texts across hospitals.13,35 Fifth, information
extracted from routinely collected administrative and
clinical databases may sometimes be inaccurate owing to
potential data entry errors.
DISCUSSION
Main Results

We conducted a large retrospective cohort study
involving 44 EDs to determine distinct clusters of EDs
according to test-ordering patterns and associations of the
clusters with patient operational outcomes among patients
presenting with undifferentiated chest pain. The major
findings are that there were 2 main ED clusters (moderate
and high users) with significant differences both in the
number and type of tests ordered, and that the clusters were
significantly different in a range of operational outcomes.
High users were more likely to have a longer ED length of
stay and less likely to achieve the Emergency Treatment
Performance target compared with moderate users, whereas
there were no significant differences in hospital admission
or all-cause or same-cause ED revisit rates.
Sensitivity Analyses
In the sensitivity analysis that included discharged

patients only, we found that high users were associated with
less likelihood of all-cause (but not same-cause) ED revisit
within 7 or 15 days compared with moderate users.

To the best of our knowledge, no previous studies
stratified EDs into clusters based on their test use and
evaluated whether the clusters differ in patient operational
outcomes in EDs. Therefore, direct head-to-head
comparisons with previous studies are not possible.
However, some studies from the United States used a
similar approach to our study but in pediatric ED17 and
inpatient settings.36,37 For instance, Florin et al17 evaluated
variation in the use of diagnostic tests and its association
with hospital admission and 3-day ED revisits in children
presenting with community-acquired pneumonia across 36
pediatric hospitals in the United States. The study found 3
ED groups based on test use, including low, moderate, and
high test users. In the study, high-user EDs were more
likely to have higher hospital admission than low-user ones,
but there was no significant difference in 3-day ED revisit
between groups.

In the current study, we found greater than a half-hour
difference in the median ED length of stay between the
clusters. A previous Australian study by Li et al38 also found
a direct relationship between laboratory testing and ED
length of stay. However, unlike us, Li et al38 evaluated the
effect of within-ED variation in test ordering (rather than
Volume 78, no. 1 : July 2021
clustering EDs based on test use) and found an increase of
10 minutes in the median ED length of stay for every 5
additional tests ordered. Overuse of laboratory tests not
only increases length of stay in the ED but also may have a
negative downstream effect on patient care, triggering a
potential cascade of additional, unjustified, and even
invasive investigations, which may in turn lead to
potentially harmful interventions.39,40

We observed a high level of variation in testing,
specifically in the use of glucose, C-reactive protein, liver
function test, and CaMgP04, with up to 43.5% differences
in the rate of ordering these tests between the clusters. This
could have been due to potential differences in either
patient population that was not captured in the case mix
adjustment or differences in coding of the presenting
problem. Glucose and liver function tests are included in
the ACEM/RCPA guideline list of tests that can be ordered
for patients presenting to EDs with undifferentiated chest
pain, whereas C-reactive protein and CaMgP04 tests are
not recommended by this guideline.11 However, it is
unclear whether the variation in testing observed in this
study was due to differences in the implementation of the
guideline across the sites. The other possible reasons could
be due to potential differences in the use of the chest pain
order set in the electronic medical record and the setup of
the order set (ie, the components of the order set) across the
sites.41 An order set is a standardized, preprinted, and
automated test ordering template that is developed
according to best practice guidelines or expert opinion.42

Inconsistency in the usage of an order set can therefore
contribute to variation in test use. It could also be that tests
such as for glucose and C-reactive protein levels might have
been ordered by default along with other commonly
requested tests such as CBC count and electrolyte-urea-
creatinine level, depending on how the order set had been
set up across the sites. Further qualitative studies are
required to confirm the reasons for such variation,
including investigations into the potential role of clinicians
and other hospital staff in test-ordering practices and how
orders sets are designed and implemented in the electronic
medical record and how they might influence clinicians’
ordering practices.

One of the key implications of our findings is that high-
user EDs may likely be overusers of laboratory tests and
may be able to reduce overuse of certain tests (eg, C-
reactive protein) without compromising patient operational
outcomes. In fact, our findings suggest that reducing
overuse may help reduce ED length of stay and improve the
chance of achieving the Emergency Treatment
Performance target. Previous studies that evaluated the
effect of reducing unnecessary testing did not find any
Annals of Emergency Medicine 171
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negative consequences on patient care, including no risk of
missing relevant diagnosis.43-45 Our findings also have
important economic implications. Economic benefits can
be achieved not only directly through reduction in
laboratory-related costs but also indirectly through changes
in other operational outcomes. For instance, the relatively
shorter ED length of stay observed in moderate versus
higher users implies potential cost savings for moderate-
user EDs through avoidance of unnecessary resource use.

In summary, in this large study of patients presenting to
EDs with undifferentiated chest pain, we identified 2
distinct ED clusters (moderate and high users) based on
laboratory test use. High users were more likely to have a
longer ED length of stay and less likely to achieve the
Emergency Treatment Performance target compared with
moderate users, whereas there were no significant
differences in hospital admission and ED revisit rates. Our
study provided evidence that implies that high-user EDs
have an opportunity to minimize test use, which may help
reduce ED length of stay and improve the chance of
achieving the Emergency Treatment Performance target.

Supervising editor: Donald M. Yealy, MD. Specific detailed
information about possible conflict of interest for individual editors
is available at https://www.annemergmed.com/editors.

Author affiliations: From the Centre for Health Systems and Safety
Research, Australian Institute of Health Innovation, Macquarie
University, New South Wales, Australia (Wabe, Georgiou); and NSW
Health Pathology, Chatswood, New South Wales, Australia
(Scowen, Eigenstetter, Lindeman).

Author contributions: CS, AE, and RL conceived the study. CS
managed the data. NW conducted data analysis and drafted the
article. All authors were involved in study design, data
interpretation, article revision for important intellectual content,
and approval of the final version to be published. NW takes
responsibility for the paper as a whole.

All authors attest to meeting the four ICMJE.org authorship criteria:
(1) Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data for the
work; AND (2) Drafting the work or revising it critically for important
intellectual content; AND (3) Final approval of the version to be
published; AND (4) Agreement to be accountable for all aspects of
the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and
resolved.

Funding and support: By Annals policy, all authors are required to
disclose any and all commercial, financial, and other relationships
in any way related to the subject of this article as per ICMJE conflict
of interest guidelines (see www.icmje.org). The authors have stated
that no such relationships exist. Drs. Wabe and Georgiou
participated in this project as part of a National Health and
Medical Research Council (NHMRC) Partnership Grant
(APP1111925) between the Australian Institute of Health
172 Annals of Emergency Medicine
Innovation, NSW Health Pathology, and the Australian Commission
on Safety and Quality in Health Care.

Publication dates: Received for publication July 21, 2020.
Revisions received December 1, 2020, and December 31, 2020.
Accepted for publication January 6, 2021. Available online April 9,
2021.

REFERENCES
1. Australian Institute of Health and Welfare 2018. Emergency

Department Care 2017-18: Australian Hospital Statistics. Health
services series no. 89. Cat. no. HSE 216. Canberra, Australia: AIHW;
2018.

2. Goodacre S, Cross E, Arnold J, et al. The health care burden of acute
chest pain. Heart. 2005;91:229-230.

3. Mozaffarian D, Benjamin EJ, Go AS, et al. Executive summary: heart
disease and stroke statistics—2015 update: a report from the
American Heart Association. Circulation. 2015;131:434-441.

4. Hsia RY, Hale Z, Tabas JA. A national study of the prevalence of life-
threatening diagnoses in patients with chest pain. JAMA Intern Med.
2016;176:1029-1032.

5. Cullen L, Greenslade J, Merollini K, et al. Cost and outcomes of
assessing patients with chest pain in an Australian emergency
department. Med J Aust. 2015;202:427-432.

6. Ringstrom E, Freedman J. Approach to undifferentiated chest pain in
the emergency department: a review of recent medical literature
and published practice guidelines. Mt Sinai J Med.
2006;73:499-505.

7. Agency for Clinical Innovation (ACI). Chest Pain Evaluation (NSW Chest
Pain Pathway). Sydney, Australia: NSW Health, Agency for Clinical
Innovation; 2017.

8. Six AJ, Cullen L, Backus BE, et al. The HEART score for the assessment
of patients with chest pain in the emergency department: a
multinational validation study. Crit Pathw Cardiol. 2013;12:121-126.

9. Apple FS, Wu AH, Jaffe AS, et al. National Academy of Clinical
Biochemistry and IFCC Committee for Standardization of Markers of
Cardiac Damage Laboratory Medicine practice guidelines: analytical
issues for biomarkers of heart failure. Circulation.
2007;116:e95-98.

10. Rapezzi C, Biagini E, Branzi A. Guidelines for the diagnosis and
treatment of non–ST-segment elevation acute coronary syndromes:
the Task Force for the Diagnosis and Treatment of Non-ST-Segment
Elevation Acute Coronary Syndromes of the European Society of
Cardiology. Eur Heart J. 2008;29:277-278.

11. Australasian College for Emergency Medicine; Royal College of
Pathologists of Australasia (ACEM/RCPA). Guideline on pathology
testing in the emergency department. Available at: https://www.rcpa.
edu.au/getattachment/8424e33b-8688-4c7d-b5ab-fbc4c38bccb9/
Pathology-Testing-in-the-Emergency-Department.aspx. Accessed June
26, 2018.

12. Wabe N, Dahm MR, Li L, et al. An evaluation of variation in pathology
investigations and associated factors for adult patients presenting to
emergency departments with chest pain: an observational study. Int J
Clin Pract. 2018;73:e13305.

13. Scowen C, Wabe N, Eigenstetter A, et al. Evaluating the long-term
effects of a data-driven approach to reduce variation in emergency
department pathology investigations: study protocol for evaluation of
the NSW Health Pathology Atlas of Variation. BMJ Open. 2020;10:
e039437.

14. Salinas M, López-Garrigós M, Uris J. Differences in laboratory
requesting patterns in emergency department in Spain. Ann Clin
Biochem. 2013;50:353-359.

15. Salinas M, Lopez-Garrigos M, Uris J, et al. Variation in laboratory tests
ordered for patients treated in hospital emergency departments.
Emergencias. 2014;26:450-458.
Volume 78, no. 1 : July 2021

https://www.annemergmed.com/editors
http://ICMJE.org
http://www.icmje.org/
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref1
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref1
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref1
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref1
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref2
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref2
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref3
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref3
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref3
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref3
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref4
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref4
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref4
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref5
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref5
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref5
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref6
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref6
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref6
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref6
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref7
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref7
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref7
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref8
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref8
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref8
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref9
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref9
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref9
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref9
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref9
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref10
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref10
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref10
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref10
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref10
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref10
https://www.rcpa.edu.au/getattachment/8424e33b-8688-4c7d-b5ab-fbc4c38bccb9/Pathology-Testing-in-the-Emergency-Department.aspx
https://www.rcpa.edu.au/getattachment/8424e33b-8688-4c7d-b5ab-fbc4c38bccb9/Pathology-Testing-in-the-Emergency-Department.aspx
https://www.rcpa.edu.au/getattachment/8424e33b-8688-4c7d-b5ab-fbc4c38bccb9/Pathology-Testing-in-the-Emergency-Department.aspx
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref12
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref12
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref12
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref12
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref13
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref13
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref13
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref13
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref13
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref14
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref14
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref14
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref15
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref15
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref15


Wabe et al The NSW Pathology Atlas of Variation: Part II
16. Baugh CW, Sun BC, Su E, et al. Variation in diagnostic testing for older
patients with syncope in the emergency department. Am J Emerg Med.
2019;37:810-816.

17. Florin TA, French B, Zorc JJ, et al. Variation in emergency department
diagnostic testing and disposition outcomes in pneumonia. Pediatrics.
2013;132:237-244.

18. Lind CH, Hall M, Arnold DH, et al. Variation in diagnostic testing and
hospitalization rates in children with acute gastroenteritis. Hosp
Pediatr. 2016;6:714-721.

19. Australian Institute of Health and Welfare. Australian Hospital Peer
Groups. Health services series no. 66. Cat. no. HSE 170. Canberra,
Australia: AIHW; 2015. Available at: https://www.aihw.gov.au/
getmedia/79e7d756-7cfe-49bf-b8c0-0bbb0daa2430/14825.pdf.
aspx?inline¼true. Accessed July 11, 2018.

20. The New South Wales Ministry of Health. NSW hospital peer groups
2016. Available at: https://www1.health.nsw.gov.au/pds/
ActivePDSDocuments/IB2016_013.pdf. Accessed November 11,
2019.

21. Dinh MM, Berendsen Russell S, Bein KJ, et al. Understanding drivers
of demand for emergency service trends in years 2010-2014 in New
South Wales: an initial overview of the DESTINY project. Emerg Med
Australas. 2016;28:179-186.

22. Wabe N, Li L, Lindeman R, et al. Impact of rapid molecular diagnostic
testing of respiratory viruses on outcomes of adults hospitalised with
respiratory illness: a multicentre quasi-experimental study. J Clin
Microbiol. 2018;57:e01727-01718.

23. Wabe N, Li L, Lindeman R, et al. The impact of rapid molecular
diagnostic testing for respiratory viruses on outcomes for emergency
department patients. Med J Aust. 2019;210:316-320.

24. Wabe N, Li L, Dahm MR, et al. Timing of respiratory virus molecular
testing in emergency departments and its association with patient
care outcomes: a retrospective observational study across six
Australian hospitals. BMJ Open. 2019;9:e030104.

25. Li L, Georgiou A, Vecellio E, et al. The effect of laboratory testing on
emergency department length of stay: a multihospital longitudinal
study applying a cross-classified random-effect modeling approach.
Acad Emerg Med. 2015;22:38-46.

26. Sullivan C, Staib A, Khanna S, et al. The National Emergency Access
Target (NEAT) and the 4-hour rule: time to review the target. Med J
Aust. 2016;204:354.

27. Murtagh F, Legendre P. Ward’s hierarchical agglomerative clustering
method: which algorithms implement Ward’s criterion? J Classif.
2014;31:274-295.

28. Charrad M, Ghazzali N, Boiteau V, et al. NbClust package: finding
the relevant number of clusters in a dataset. J Stat Softw.
2012;61:1-36.

29. Ansari Z, Azeem MF, Ahmed W, et al. Quantitative evaluation of
performance and validity indices for clustering the web navigational
sessions. World Comput Sci Inf Technol J. 2015;1:217-226.

30. Parsonage WA, Cullen L, Younger JF. The approach to patients with
possible cardiac chest pain. Med J Aust. 2013;199:30-34.
Volume 78, no. 1 : July 2021
31. Rybicki FJ, Udelson JE, Peacock WF, et al. 2015 ACR/ACC/AHA/
AATS/ACEP/ASNC/NASCI/SAEM/SCCT/SCMR/SCPC/SNMMI/STR/STS
appropriate utilization of cardiovascular imaging in emergency
department patients with chest pain. J Am Coll Cardiol.
2016;67:853-879.

32. Asplin BR, Magid DJ, Rhodes KV, et al. A conceptual model of
emergency department crowding. Ann Emerg Med. 2003;42:173-180.

33. Bashkin O, Caspi S, Haligoa R, et al. Organizational factors affecting
length of stay in the emergency department: initial observational
study. Isr J Health Policy Res. 2015;4:38.

34. Kocher KE, Meurer WJ, Desmond JS, et al. Effect of testing and
treatment on emergency department length of stay using a national
database. Acad Emerg Med. 2012;19:525-534.

35. Berendsen Russell S, Dinh MM, Bell N. Triage, damned triage.and
statistics: sorting out redundancy and duplication within an emergency
department presenting problem code set to enhance research
capacity. Australas Emerg Nurs J. 2017;20:48-52.

36. Neubauer HC, Hall M, Wallace SS, et al. Variation in diagnostic test use
and associated outcomes in staphylococcal scalded skin syndrome at
children’s hospitals. Hosp Pediatr. 2018;8:530-537.

37. Thomson J, Hall M, Berry JG, et al. Diagnostic testing and hospital
outcomes of children with neurologic impairment and bacterial
pneumonia. J Pediatr. 2016;178:156-163.e151.

38. Li L, Georgiou A, Vecellio E, et al. The effect of laboratory testing on
emergency department length of stay: a multihospital longitudinal
study applying a cross-classified random-effect modeling approach.
Acad Emerg Med. 2015;22:38-46.

39. Mandrola J, Morgan DJ. The important but rarely studied cascade of
care. JAMA Netw Open. 2019;2:e1913315.

40. McGregor MJ, Martin D. Testing 1, 2, 3: is overtesting undermining
patient and system health? Can Fam Physician. 2012;58:1191-1193.

41. Vecellio E, Li L, Westbrook JI, et al. Examination of variation in hospital
pathology investigations by diagnosis-related groups and associations
with outcomes and costs. 2015. March 2015. Available at: https://
www1.health.gov.au/internet/main/publishing.nsf/Content/
0E3978777CE9637BCA2580C200088F78/$File/Final%20Report%
20-%20Variation%20in%20Hospital%20Pathology%20-%20Macquarie
%20University.pdf. Accessed April 8, 2021.

42. Kamal J, Rogers P, Saltz J, et al. Information warehouse as a tool to
analyze computerized physician order entry order set utilization:
opportunities for improvement. AMIA Annu Symp Proc.
2003;2003:336-340.

43. Konger RL, Ndekwe P, Jones G, et al. Reduction in unnecessary clinical
laboratory testing through utilization management at a US government
Veterans Affairs hospital. Am J Clin Pathol. 2016;145:355-364.

44. Attali M, Barel Y, Somin M, et al. A cost-effective method for reducing
the volume of laboratory tests in a university-associated teaching
hospital. Mt Sinai J Med. 2006;73:787-794.

45. Larochelle MR, Knight AM, Pantle H, et al. Reducing excess cardiac
biomarker testing at an academic medical center. J Gen Intern Med.
2014;29:1468-1474.
Annals of Emergency Medicine 173

http://refhub.elsevier.com/S0196-0644(21)00061-5/sref16
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref16
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref16
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref17
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref17
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref17
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref18
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref18
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref18
https://www.aihw.gov.au/getmedia/79e7d756-7cfe-49bf-b8c0-0bbb0daa2430/14825.pdf.aspx?inline=true
https://www.aihw.gov.au/getmedia/79e7d756-7cfe-49bf-b8c0-0bbb0daa2430/14825.pdf.aspx?inline=true
https://www.aihw.gov.au/getmedia/79e7d756-7cfe-49bf-b8c0-0bbb0daa2430/14825.pdf.aspx?inline=true
https://www.aihw.gov.au/getmedia/79e7d756-7cfe-49bf-b8c0-0bbb0daa2430/14825.pdf.aspx?inline=true
https://www1.health.nsw.gov.au/pds/ActivePDSDocuments/IB2016_013.pdf
https://www1.health.nsw.gov.au/pds/ActivePDSDocuments/IB2016_013.pdf
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref21
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref21
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref21
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref21
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref22
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref22
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref22
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref22
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref23
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref23
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref23
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref24
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref24
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref24
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref24
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref25
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref25
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref25
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref25
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref26
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref26
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref26
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref27
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref27
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref27
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref28
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref28
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref28
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref29
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref29
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref29
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref30
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref30
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref31
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref31
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref31
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref31
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref31
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref32
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref32
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref33
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref33
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref33
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref34
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref34
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref34
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref35
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref35
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref35
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref35
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref35
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref36
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref36
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref36
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref37
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref37
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref37
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref38
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref38
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref38
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref38
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref39
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref39
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref40
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref40
https://www1.health.gov.au/internet/main/publishing.nsf/Content/0E3978777CE9637BCA2580C200088F78/&dollar;File/Final&percnt;20Report&percnt;20-&percnt;20Variation&percnt;20in&percnt;20Hospital&percnt;20Pathology&percnt;20-&percnt;20Macquarie&percnt;20University.pdf
https://www1.health.gov.au/internet/main/publishing.nsf/Content/0E3978777CE9637BCA2580C200088F78/&dollar;File/Final&percnt;20Report&percnt;20-&percnt;20Variation&percnt;20in&percnt;20Hospital&percnt;20Pathology&percnt;20-&percnt;20Macquarie&percnt;20University.pdf
https://www1.health.gov.au/internet/main/publishing.nsf/Content/0E3978777CE9637BCA2580C200088F78/&dollar;File/Final&percnt;20Report&percnt;20-&percnt;20Variation&percnt;20in&percnt;20Hospital&percnt;20Pathology&percnt;20-&percnt;20Macquarie&percnt;20University.pdf
https://www1.health.gov.au/internet/main/publishing.nsf/Content/0E3978777CE9637BCA2580C200088F78/&dollar;File/Final&percnt;20Report&percnt;20-&percnt;20Variation&percnt;20in&percnt;20Hospital&percnt;20Pathology&percnt;20-&percnt;20Macquarie&percnt;20University.pdf
https://www1.health.gov.au/internet/main/publishing.nsf/Content/0E3978777CE9637BCA2580C200088F78/&dollar;File/Final&percnt;20Report&percnt;20-&percnt;20Variation&percnt;20in&percnt;20Hospital&percnt;20Pathology&percnt;20-&percnt;20Macquarie&percnt;20University.pdf
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref42
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref42
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref42
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref42
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref43
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref43
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref43
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref44
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref44
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref44
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref45
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref45
http://refhub.elsevier.com/S0196-0644(21)00061-5/sref45

	The NSW Pathology Atlas of Variation: Part II—The Association of Variation in Emergency Department Laboratory Investigation ...
	Introduction
	Materials and Methods
	Study Design and Setting
	Selection of Participants
	Data Collection and Processing
	Outcome Measures
	Primary Data Analysis

	Results
	Characteristics of Study Subjects

	Limitations
	Discussion
	Main Results
	Sensitivity Analyses

	References


