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Study objective: Abdominal pain and chest pain are leading reasons for emergency department (ED) presentations, with
laboratory tests frequently ordered to aid the diagnostic process. Our study aims to identify EDs with outlying laboratory ordering
practices for patients presenting with undifferentiated abdominal pain and chest pain.

Methods: This was a retrospective observational study of 519,597 patients who presented with the complaint of abdominal or
chest pain at 44 major hospital EDs across New South Wales, Australia, from January 2017 to September 2018. For each
condition, we evaluated the risk-adjusted rate of ordering at least 1 laboratory test and of each of the top 15 ordered tests. We
used funnel plots to graph variations in test ordering and identify EDs with outlying test-ordering practices. EDs lying above or
below the 99.8% funnel control limits were regarded as outliers.

Results: From 3,360,152 unplanned presentations, abdominal pain and chest pain represented 8.8% (n¼296,809) and 6.6%
(n¼222,788) of all cases, respectively. No major outliers were observed for ordering at least one laboratory test; however,
variations were observed for individual tests. For abdominal pain, the top 3 tests with the highest ordering variation included
glucose (20 outlier EDs), C-reactive protein (10 outliers), and calcium-magnesium-phosphate (7 outliers). For chest pain, the top 3
tests with the highest ordering variation were glucose (21 outlier EDs), C-reactive protein (17 outliers), and liver function test (14
outliers).

Conclusion: Identifying EDs with outlying laboratory-ordering practices is the first step in initiating context-specific evaluation of
whether outlying variations are unwarranted. [Ann Emerg Med. 2021;78:150-162.]
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INTRODUCTION
Identifying variation in health care service provision and

usage is a valuable undertaking for targeting areas for
service improvement. Atlases of variation are a widely used
means of identifying such variations and are currently used
both in Australia1 and internationally.2-7 Within health
care, an atlas of variation essentially refers to the output
from the statistical analysis of information obtained from
an existing health system data set(s) for a predefined health
care activity, which is presented graphically as a map of
variations across a defined geographic area.1,8,9 Atlases of
variation identify where variations occur, and it is widely
accepted that their purpose is to promote inquiry into why
Emergency Medicine
variations exist,1,8-12 thereby allowing health care
stakeholders to determine whether identified variations are
warranted. Unwarranted variations have been defined by
Wennberg13 as those that “cannot be explained by type or
severity of illness or by patient preferences” and represent
areas of opportunity for improving outcomes,14 with
DaSilva and Gray8 asserting that reducing unwarranted
variations may lead to reduced patient harm, increase in
value, and improved service quality.

Variations in the use of health services have been explored
across a comprehensive spectrum of clinical activities,
including diagnostic services and interventions,15-18 with
both atlases and empirical studies including analyses of
variations in laboratory services.15,19-21 There is increasing
evidence of widespread variations in laboratory test usage in
the primary care setting.15,21-24 If variations in laboratory
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Editor’s Capsule Summary

What is already known on this topic
The frequency of testing for common emergency
department (ED) conditions can vary for many
reasons.

What question this study addressed
In ED patients with abdominal or chest pain, are
there hospital-specific patterns for ordering individual
tests, or the decision to test at all?

What this study adds to our knowledge
In a 44-site review of ED encounters with abdominal
pain (296,809) or chest pain (222,788), no clear
patterns existed among sites in the decision to order
at least 1 test. However, blood glucose, C-reactive
protein, calcium-magnesium-phosphate, and liver
study tests were common outliers with respect to
ordering frequency.

How this is relevant to clinical practice
The measurement of variation in ED testing can
identify opportunities to optimize the cost-
effectiveness of care.
test use are subsequently determined to be unwarranted,
they may reflect either underuse or overuse, both of which
are prevailing issues in health care.25-27 Although studies of
variations in laboratory test usage have predominantly
focused on primary care settings, a study of 15 chemistry
tests by Salinas et al20 found large variations in test use
across the emergency departments (EDs) of 36 Spanish
hospitals. Similarly, a smaller Australian study found
significant variations in laboratory ordering practices for
patients presenting with chest pain.28 Although these
findings suggest that variations in laboratory use are not
unique to primary care, clinical variations in ED settings
remain an understudied area in atlases.

The ED is a unique clinical environment in which
patients may present with an unpredictable array of acute,
traumatic, or life-threatening conditions. During 2017 to
2018, there were greater than 2.8 million presentations to
public hospital EDs across New South Wales (NSW),
Australia, for which the 2 most common principal
diagnoses were “abdominal and pelvic pain” and “pain in
throat and chest.”29 Acute abdominal pain has been
identified as one of the top 5 reasons patients present to an
ED in the United States,30-33 with studies between 2007
and 2019 reporting abdominal pain in ED cohorts
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representing between 6.5%34 and 11.88%35 in the United
States30,33 and 5.76%36 to 20%37 internationally.38-40 As a
presenting complaint, abdominal pain has been described
as a diagnostic challenge34,41,42 for ED clinicians, with an
array of potential causes ranging from mild to serious life-
threatening conditions36,41,43,44 and hospital admission
rates ranging between 16.5% and 36%.36,38,44 Similarly,
chest pain is frequently cited as one of the top 5 reasons for
patients’ presentation to the ED,30,33,40,45 with studies
between 2014 and 2019 reporting chest pain in ED
cohorts representing between 1.5% and 1.82% in sub-
Saharan Africa,46,47 4.11% and 4.7% in the United
States,30,33,48 and 11% and 13% in Norway40,45 (where
EDs require general practitioner referral45). Commensurate
with abdominal pain, the cause of chest pain is diverse,47-49

ranging from nonspecific to life-threatening conditions,
with reported admission rates varying between 30.6%48

and 89%.40 For both abdominal pain41 and chest pain,49 a
clinician’s working diagnosis may indicate the need for
laboratory tests to be performed to either inform or
confirm differential diagnosis. Despite that abdominal pain
and chest pain represent leading reasons for ED
attendances, there is a paucity of literature examining inter-
ED variations in laboratory use for these clinical
presentations.

The current study was undertaken as part of a larger
NSW Pathology Atlas of Variation project, for which the
study protocol is available elsewhere.50 The objectives of
the current study were to identify EDs with outlying
laboratory test–ordering practices for patients presenting
with undifferentiated abdominal pain and chest pain across
44 Australian EDs.
MATERIALS AND METHODS
Study Design and Setting

We conducted a retrospective observational study using
18 months of data from January 2017 to September 2018,
extracted from 44 major public hospital EDs (EDs 1 to 44)
across all 15 local health districts in NSW, Australia. 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. The characteristics of study
hospitals are shown in Table E1 (available online at http://
www.annemergmed.com/). In the Australian health
system, hospital peer grouping is used to classify similar
hospitals according to shared characteristics and the level of
services they deliver.51 Of the 44 EDs, 12 are classified as
Annals of Emergency Medicine 151
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Total presentations to the 44 
EDs between 01/2017-09/2018

n= 3,476,229

Emergency presentations
n= 3,360,152 

Included in this study
n=519,597

Excluded (n=116,077)
• Non-emergency visits 

(e.g. planned visits)

Excluded (n=2,840,555)
• Visits due to other 

conditions
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A1 (principal referral), 1 as A3 (ungrouped acute–tertiary
referral), 10 as B1 (major hospital group 1), 8 as B2 (major
hospitals group 2), and 13 as C1 (district group 1). The
hospital postcode was used to determine the remoteness by
using the Accessibility/Remoteness Index of Australia.52

The index is intended to indicate the ease or difficulty
people face when accessing services in nonmetropolitan
areas. According to the Accessibility/Remoteness Index of
Australia, there are 5 remoteness classes, including major
cities, inner regional, outer regional, remote, and very
remote.52 In this study, the majority of the hospitals are in
major cities (n¼28, 63.6%), whereas 13 (29.6%) and 3
(6.8%) are in inner regional and outer regional Australia,
respectively (Figure E1, available online at http://www.
annemergmed.com/).
Chest 
pain

n= 222,788 

Abdominal 
pain

n= 296,809 

Figure 1. Patient selection flowchart.
Selection of Participants
The study participants included patients who presented

to the study EDs during the study period with the
presenting problem of either abdominal pain or chest pain,
regardless of whether laboratory tests were ordered. Patients
who presented with multiple complaints were excluded.
Abdominal pain included both lower and upper abdominal
pain. Abdominal and chest pain is among the leading
causes of ED presentations in Australia.29 The study
population was identified with a “presenting problem” 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.53 It is selected from a coded list of problems
available in the electronic medical record, although there is
an option of using a free-text entry. Nonemergency
presentations such as planned return visits or visits for
continuing conditions were excluded (Figure 1).
Data Collection and Processing
We used linked and deidentified routinely collected

administrative and clinical data. Comprehensive data on
ED presentation characteristics and laboratory test use were
obtained by linking 2 large databases: the NSW Health
Pathology Data Warehouse and the Health Information
Exchange. The NSW Health Pathology Data Warehouse
encompasses 5 different laboratory information systems
and 4 laboratory billing systems currently used in the state
of NSW. This database is managed by NSW Health
Pathology. Some of the key variables in the NSW Health
Pathology Data Warehouse include laboratory order,
patient- and facility-related information such as the name
of the tests ordered, facility and location of the order,
patient demographics (eg, age, sex), patient medical
152 Annals of Emergency Medicine
reference number, laboratory billing data, results and times
a specimen is received at the laboratory, and a verified result
available. However, the database does not contain results
for medical imaging or radiology tests such as chest
radiography.

The Health Information Exchange contains data on ED
presentation characteristics (eg, triage category, presenting
problem), patient demographics, preliminary ED diagnosis,
patient disposition (eg, admitted, discharged), and
throughput (eg, time from arrival to consult clinicians, time
from arrival to departure) for each ED encounter. The
Health Information Exchange is managed by the Health
System Information and Performance Reporting Branch of
the NSW Ministry of Health.

Data linkage between the databases was performed with
a deterministic linkage method, as described
previously.28,54-56 Data linkage involved 2 steps. First, the
data sets were linked by patient medical reference number,
date of birth, and ED presentation date and times. Second,
all records matched in the first step were evaluated if the
laboratory service date and time occurred within ED arrival
and departure time of the patient at a given site. There were
no major missing data issues in the data set used in this
study, except for the “ED diagnosis” variable, in which
approximately 18% of the total records were missing.

For each condition, we evaluated the following
indicators: the rate of ordering of at least 1 (any) laboratory
test, and the rate of ordering of specific tests (by selecting
Volume 78, no. 1 : July 2021

http://www.annemergmed.com/
http://www.annemergmed.com/


Wabe et al NSW Pathology Atlas of Variation: Part I
the top 15 tests). Some tests are in the form of a test set (ie,
a test that has multiple components). Examples of test sets
are CBC count (includes WBC, RBC, and platelet count),
electrolyte-urea-creatinine (includes electrolytes, urea,
creatinine, and estimated glomerular filtration rate), liver
function test (includes alanine transaminase, aspartate
transaminase, alkaline phosphatase, total protein, bilirubin,
and g-glutamyl transferase), coagulation panel (may
include activated partial thromboplastin time, prothrombin
time, international normalized ratio, platelet count,
fibrinogen, fibrin degradation products, and thrombin
time), calcium-magnesium-phosphate (includes calcium,
magnesium, and phosphate with corrected calcium
calculation) and thyroid function test (may include thyroid-
stimulating hormone, free thyroxine, free triiodothyronine,
and thyroid antibodies). Examples of tests that are not a test
set include C-reactive protein (CRP), glucose, b-human
chorionic gonadotropin, and hemoglobin A1c. A test was
counted as a single test regardless of whether it was a test
set. Similarly, a test that was repeated during the same ED
encounter was counted only once.
Primary Data Analysis
We used funnel plots to identify EDs with outlying test-

ordering practices. Funnel plots are a type of statistical
process control method and are commonly used to
compare the performance of institutions on a given quality
indicator against a benchmark, with the purpose of
identifying outlying practices.57,58

A funnel plot has 4 components, including an indicator,
a benchmark value, a precision parameter (a denominator
size), and control limits (typically the 95% and 99.8%
limits) around the benchmark value. Funnel plots are
created by plotting the indicator value of each practice (as a
scatter plot) relative to its denominator size (x axis) and
superimposing the 95% and 99.8% control limits around
the benchmark on the scatter plot.59 The control limits are
wider for smaller practices and become narrower as the
practice size increases, which has the advantage of allowing
comparisons of practices of similar size.

The indicators in this study included the risk-adjusted
rate of ordering at least 1 laboratory test and each of the top
15 tests. For each indicator, ED-specific risk-adjusted rate
was determined with logistic regression with a robust
variance estimation following a procedure similar to one
described previously.57,59 Relevant baseline presenting
characteristics, including age, sex, triage category, arrival
time of day, arrival day of week, and mode of arrival, were
used in generating the risk-adjusted rate for each indicator.
The study EDs use the Australasian Triage Scale for the
Volume 78, no. 1 : July 2021
triage category. This uses a 5-point scale to classify patients
according to the urgency of their need for medical and
nursing care as resuscitation, immediate care; emergency,
within 10 minutes; urgent, within 30 minutes; semiurgent,
within 60 minutes; and nonurgent, within 120 minutes.
The benchmark value in this study was the overall test-
ordering rate (all EDs combined) and the precision
parameter was a total number of presentations owing to
abdominal or chest pain, depending on the analysis.

Overdispersion exists when there is greater variability in
the indicator value than expected by chance alone.
Spiegelhalter proposed several methods to account for
overdispersion.60 We used multiplicative random effects
because this is the most conservative method.60 This
approach inflates the control limits by an overdispersion
factor (F), which was calculated with a procedure similar to
that described by Spiegelhalter et al.58 We applied the
winsorization technique to further reduce the potential
influence of extreme values in the estimation of F. We used
5% winsorization for all indicators. The F value does not
have any effect on the value of an indicator; it only expands
the control limits to adjust for overdispersion.

For every indicator, a funnel plot was created and the
number of EDs lying in each of the 5 bands of the funnel
plots (>99.8%, upper 95% to 99.8%, within the upper
and lower 95%, lower 95% to 99.8%, and <99.8%) was
determined. EDs lying outside the 99.8% limits were
regarded as extreme outliers. Traffic-light colors were used
to draw attention to outlier EDs. Accordingly, EDs
ordering between the upper 95% to 99.8% or between the
lower 95% to 99.8% limits were represented in yellow to
indicate “warning” for high- or low-ordering practices,
respectively. EDs ordering greater than 99.8% or less than
99.8% limits were represented in red to indicate “alarm”

for high- or low-ordering practices, respectively. EDs
ordering within the upper and lower 95% limits were
represented in green to indicate “no warning.”

This study received ethical approval from the NSW
Population and Health Service Research Ethics Committee
(reference number 2019/ETH00184).
RESULTS
Characteristics of Study Subjects

A total of 519,597 patients who presented to the EDs
with complaints of abdominal pain (n¼296,809) or chest
pain (n¼222,788) were included in this study (Figure 1).
Abdominal pain and chest pain presentations represented
8.8% and 6.6% of the study cohort, respectively. The
preliminary ED discharge diagnosis was available for 82.5%
of abdominal pain patients (n¼245,003) and 83% of chest
Annals of Emergency Medicine 153



Table 1. ED presentation, disposition, throughput, and hospital characteristics.

Variable Abdominal Pain (n[296,809) Chest Pain (n[222,788) Overall (n[519,597)

Women, No. (%) 181,887 (61.3) 105,540 (47.37) 287,427 (55.3)

Age, median (IQR), y 36 (23–57) 55 (39–70) 45 (27–64)

Age category, No. (%), y

<18 45,870 (15.5) 6,575 (3.0) 52,445 (10.1)

18–39 116,793 (39.4) 51,647 (23.2) 168,440 (32.4)

40–59 66,866 (22.5) 70,772 (31.8) 137,638 (26.5)

�60 67,280 (22.7) 93,794 (42.1) 161,074 (31.0)

Triage category, No. (%)

Resuscitation 147 (0.1) 3,551 (1.6) 3,698 (0.7)

Emergency 15,768 (5.3) 162,318 (72.9) 178,086 (34.3)

Urgent 169,882 (57.2) 46,791 (21.0) 216,673 (41.7)

Semiurgent 107,946 (36.4) 9,483 (4.3) 117,429 (22.6)

Nonurgent 3,066 (1.0) 645 (0.3) 3,711 (0.7)

Arrival to triage time, median (IQR), min 4 (1–8) 3 (1–7) 4 (1–8)

Arrival to consult clinician time, median (IQR), min 24.2 (12.3–48.3) 10.2 (6.3–21.0) 17 (8.4–35.5)

ED length of stay, median (IQR), min 239 (174–382) 228 (163–341) 235 (169–364)

ED arrival time, No. (%)

7 PM–7 AM 117,297 (39.5) 81,141 (36.4) 198,438 (38.2)

7 AM–7 PM 179,512 (60.5) 141,647 (63.6) 321,159 (61.8)

ED arrival day of week, No. (%)

Weekday 217,345 (73.2) 165,320 (74.2) 382,665 (73.7)

Weekend 79,464 (26.8) 57,468 (25.8) 136,932 (26.3)

Mode of arrival, No. (%)

Ambulance 61,794 (20.8) 80,342 (36.1) 142,136 (27.4)

Private car 222,409 (74.9) 135,056 (60.6) 357,465 (68.8)

Other (eg, public transport) 12,606 (4.3) 7,390 (3.3) 19,996 (3.8)

Patient disposition, No. (%)

Admitted to hospital 126,014 (42.5) 106,120 (47.6) 232,134 (44.7)

Discharged home 148,483 (50.0) 104,853 (47.1) 253,336 (48.7)

Other (eg, left for other clinical service) 22,312 (7.5) 11,815 (5.3) 34,127 (6.6)

Hospital peer group, No. (%)

A1 136,608 (46.0) 103,977 (46.7) 240,585 (46.3)

A3 4,513 (1.5) 3,385 (1.5) 7,898 (1.5)

B1 67,725 (22.8) 51,287 (23.0) 119,012 (22.9)

B2 50,051 (16.9) 35,832 (16.1) 85,883 (16.5)

C1 37,912 (12.8) 28,307 (12.7) 66,219 (12.8)

Remoteness of the hospital, No. (%)

Major city 237,202 (79.9) 178,594 (80.2) 415,796 (80.0)

Inner regional 53,175 (17.9) 39,399 (17.7) 92,574 (17.8)

Outer regional 6,432 (2.2) 4,795 (2.2) 11,227 (2.2)

IQR, Interquartile range.

NSW Pathology Atlas of Variation: Part I Wabe et al
pain patients (n¼184,911). The top 10 ED diagnoses for
each condition are presented in Table E2 (available online
at http://www.annemergmed.com/). The median age was
154 Annals of Emergency Medicine
36 years for abdominal pain patients and 55 years for chest
pain patients, and 61.3% of abdominal pain patients
(n¼181,887) and 47.7% of chest pain patients
Volume 78, no. 1 : July 2021
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(n¼105,540) were women. Almost three quarters of chest
pain patients (74.5%) were triaged as either resuscitation or
emergency, whereas only 5.4% of abdominal pain patients
were in these categories. Abdominal pain patients had
slightly longer ED length of stay (a median of 239 versus
228 minutes), whereas hospital admission (patient
admission to inpatient wards after attending the ED) was
higher for chest pain patients (47.6 versus 42.5%)
(Table 1). For each condition, the rate of hospital
admission at each hospital is shown in Table E1 (available
online at http://www.annemergmed.com/).

Overall, 80.9% of abdominal pain patients and 88.5%
of chest pain patients had at least 1 laboratory test ordered.
These rates ranged from 60.1% to 89.3% (abdominal pain)
and 79.1% to 95.9% (chest pain) across the study EDs. Of
patients who received laboratory tests, the overall median
number of tests per visit was 7 for both conditions.

A total of 1,642,289 and 1,372,067 tests were ordered
for abdominal and chest pain, respectively. The top 15 tests
ordered for each condition are presented in Table 2. These
tests accounted for 85.9% and 85.2% of the total tests
ordered for each of these conditions, respectively.

The overall rate of ordering at least 1 laboratory test was
80.9% (adjusted rate range across EDs 59.9% to 88.7%).
No major outlying practices were observed for ordering at
least 1 laboratory test, with only 1 ED (ED 31) ordering
above the upper 95% limit and 2 EDs (EDs 7 and 8)
ordering below the lower 95% limit, and no EDs ordering
beyond the 99.8% limits (Figure 2). However, when the
analysis was conducted for each test separately, we
identified several EDs with high outlying practices in
ordering certain tests (Figure 3 and Figure E1 [available
online at http://www.annemergmed.com/]).

In Figure E2 A to C, we present some examples of
funnel plots by selecting 3 tests with the highest variation
in ordering. Figure 3 shows the number of EDs within the
different regions of the funnel plot control limits for each of
the top 15 tests ordered for abdominal pain. The top 3 tests
with the highest variation in ordering included glucose,
CRP, and calcium-magnesium-phosphate, with several
EDs outside the 99.8% limit and between the 95% to
99.8% limits. The overall glucose ordering rate was 26.9%
(adjusted rate range across EDs 0.6% to 75.6%). Of the 44
EDs, 20 (45.4%) ordered above or below the 99.8% limits,
whereas 6 (13.6%) ordered between the upper and lower
95% to 99.8% limits. The overall CRP ordering rate was
52.8% (adjusted rate range across EDs 16.9% to 80.8%),
and 10 and 9 EDs ordered outside the 99.8% limits and
between the 95% to 99.8% limits, respectively. The overall
calcium-magnesium-phosphate ordering rate was 27.9%
(adjusted rate range across EDs 7.2% to 63.2%), and 7 and
Volume 78, no. 1 : July 2021
8 EDs ordered outside the 99.8% limits and between the
95% to 99.8% limits, respectively. There were relatively
lower variations in the ordering of blood culture, blood
group and antibody screen, troponin, urine microscopy
culture sensitivity, lipase, and CBC count, with the
majority of EDs within the normal limits. CBC count was
the most ordered test, with an overall ordering rate of
77.7% (adjusted rate range across EDs 53.6% to 86.5%).
Of the 44 EDs, 39 (88.6%) ordered within the normal
limits, whereas only 5 (11.4%) ordered between the 95%
and 99.8% limits (Figure 3).

The overall rate of ordering at least 1 laboratory test was
88.5% (adjusted rate range across EDs 79.2% to 98.6%).
One ED (ED 10) was identified as an outlier in ordering at
least 1 laboratory test (ie, ordering above the 99.8% limit)
and all other EDs were within the normal control limits
(Figure 4). However, as with abdominal pain, several EDs
were identified as outliers when the analysis was conducted
for each of the 15 tests separately (Figure 5).

Glucose, CRP, and liver function test were the 3 tests
with the highest variation in ordering. The overall glucose
ordering rate was 33.9% (adjusted rate range across EDs
0.9% to 86.6%). Of the 44 EDs, 21 (47.7%) ordered
above or below the 99.8% limits and 8 (18.2%) ordered
between the upper and lower 95% to 99.8% limits. The
overall CRP ordering rate was 28.8% (adjusted rate range
across EDs 3.7% to 75.2%) and 17 and 11 EDs ordered
outside the 99.8% limits and between the 95% to 99.8%
limits, respectively. The overall liver function test ordering
rate was 58.6% (adjusted rate range across EDs 21.0% to
87.9%) and 14 and 7 EDs ordered outside the 99.8%
limits and between the 95% to 99.8% limits, respectively.
Tests with relatively low variation in ordering included
thyroid function test, CBC count, electrolyte-urea-
creatinine, troponin, D-dimer, hemoglobin A1c, and
creatine kinase/creatine kinase myocardial band (Figure 5).
LIMITATIONS
There are several limitations to our study. First, our

results are specific to the study population and may not be
generalizable to other countries with different models of
emergency care or different prevalence rates of chest and
abdominal pain. Second, our study EDs were all public
hospital facilities and may not be reflective of patient
presentations or ordering practices in the private sector.
Third, our study is subject to the weaknesses associated
with the use of routinely collected data in observational-
based studies.61-63 The use of routinely collected data
means that our study results may be subject to
nondifferential misclassification bias if a patient’s
Annals of Emergency Medicine 155
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Table 2. Top 15 tests ordered for abdominal and chest pain.

Abdominal Pain (n[296,806) Chest Pain (n[222,784)

Test No. of Tests
Percentage of
Total Test Test No. of Tests Percentage of Total Test

CBC count 230,586 14.0 CBC count 192,091 14.0

Electrolyte-urea-creatinine 227,952 13.9 Electrolyte-urea-creatinine 190,942 13.9

Liver function test 198,927 12.1 Troponin 179,997 13.1

CRP 156,931 9.6 Liver function test 130,655 9.5

Lipase 154,895 9.4 Calcium-magnesium-phosphate 88,783 6.5

Calcium-magnesium-phosphate 83,020 5.1 Glucose 75,443 5.5

Glucose 79,961 4.9 CRP 64,187 4.7

Blood gas 70,727 4.3 Coagulation panel 61,390 4.5

Urine microscopy culture

sensitivity

53,772 3.3 Lipase 59,186 4.3

b-Human chorionic

gonadotropin

49,715 3.0 Blood gas 40,118 2.9

Coagulation panel 31,654 1.9 D-dimer 26,873 2.0

Troponin 23,166 1.4 Albumin 20,821 1.5

Albumin 18,180 1.1 Thyroid function test 14,492.0 1.1

Blood culture 15,756 1.0 Hemoglobin A1c 12,236 0.9

Blood group and antibody

screen

14,800 0.9 Creatine kinase/creatine kinase

myocardial band

10,738 0.8

Subtotal 1,410,042 85.9 Subtotal 1,167,952 85.2

Other tests 232,247 14.1 Other tests 204,115 14.8

Total 1,642,289 100.0 Total 1,372,067 100.0

NSW Pathology Atlas of Variation: Part I Wabe et al
presenting problem was incorrectly reported or inaccurately
recorded in the source data.61,63 Fourth, although the
statistical analysis controlled for relevant variables in the
Figure 2. Funnel plot of risk-adjusted rate of ordering at least one
winsorization was used to adjust for overdispersion. The circles repre
The color of the circles represents the hospital location, with black
areas, and outer regional areas of NSW, respectively.

156 Annals of Emergency Medicine
available data set (ie, age, sex, triage category, arrival time of
day, arrival day of week, and mode of arrival), residual
confounding may be present owing to unmeasured factors
laboratory test. A multiplicative approach based on 5%
sent EDs and the solid line represents the overall ordering rate.
, blue, and red showing hospitals in major cities, inner regional
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Figure 3. The number of EDs outside the upper/lower 99.8% (red), between the upper/lower 95% to 99.8% (yellow), and within
normal (green) funnel plot control limits for the top 15 tests ordered for abdominal pain. The colors are used to draw attention to
tests with unusual ordering patterns. Ranking of the tests in descending order was based on the number of EDs in red.
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such as clinician experience or patient comorbidities. In
addition, data were not analyzed in terms of their
relationship with additional diagnostic testing modalities
(eg, ultrasonography, radiography), and hence it is
unknown whether laboratory test–ordering patterns may
have been affected by the use or availability of other
diagnostic investigations. Fifth, the presenting problem
data field, which was used for the selection of the study
population, has some limitations. Although most of the
entries are consistent across the study hospitals and there
were only a few missing values for this data field, there were
some free-text entries and inconsistencies in them.50,64 In
our previous pilot trial from 4 hospitals (unpublished data),
of the 381,744 presenting problem entries indicating
abdominal pain, 83.5%, 10.4%, 1.3%, and 0.8% were
entered as “pain, abdominal,” “pain—abdominal,” “pain,
epigastric,” and “abdominal pain,” respectively, whereas
other terminologies such as “abdo pain,” “lower abdominal
pain,” “central abdominal pain,” “RLQ abdo pain,” “RUQ
abdo pain,” and “UPPER abdominal pain” accounted for
approximately 4% of the entries for abdominal pain. We
observed similar variations in the use of terminologies
indicating chest pain (eg, “pain, chest,” “chest pain,”
“pain—chest”). However, we consulted ED clinicians to
Volume 78, no. 1 : July 2021
standardize the terminologies used to indicate each
presenting problem before conducting the current study.
Moreover, the use of a presenting problem to identify the
study population might have resulted in the inclusion of
heterogeneous disease processes, potentially confounding
the findings of the study.
DISCUSSION
As part of the NSW Pathology Atlas of Variation

project, we performed a large multisite study to identify
EDs with outlying laboratory-ordering practices for
patients presenting with abdominal or chest pain. The
strengths of our study design include the use of previously
collected data that were not influenced by the study
objectives and not subject to recall bias or loss to follow-
up.63 The large sample size also serves to maximize
representativeness of the target population.61 For each
condition, the risk-adjusted rates of ordering at least 1
laboratory test and each of the top 15 most frequently
ordered tests were identified and analyzed for inter-ED
variations. The key finding was that although there were no
major outlying EDs in ordering at least 1 laboratory test,
when the analysis was conducted for each of the top 15
Annals of Emergency Medicine 157



Figure 4. Funnel plot of risk-adjusted rate of ordering at least one laboratory test. A multiplicative approach based on 5%
winsorization was used to adjust for overdispersion. The circles represent EDs and the solid line represents the overall ordering rate.
The color of the circles represents the hospital location, with black, blue, and red showing hospitals in major cities, inner regional
areas, and outer regional areas of NSW, respectively.
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tests separately, several EDs were identified with high- or
low-outlying ordering practices for certain tests, particularly
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glucose, CRP, calcium-magnesium-phosphate, and liver
function test.
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In our study, the top 3 most frequently ordered tests for
abdominal pain were CBC count, electrolyte-urea-
creatinine, and liver function test, and the top 3 tests with
the highest variation in ordering were glucose (seventh
most ordered), with 20 outlier EDs; CRP (fourth most
ordered), with 10 outlier EDs; and calcium-magnesium-
phosphate (sixth most ordered), with 7 outlier EDs. A
narrative review conducted by Abdolrazaghneja et al65

reported the 7 most commonly ordered laboratory tests for
patients presenting to the ED with acute abdominal pain.65

Two of the 3 tests with the greatest variations for
abdominal pain presentations in our study (namely, glucose
and CRP) were not in common with the review findings of
Abdolrazaghneja et al,65 which may support their
categorization as outliers. Our findings for ED test ordering
associated with chest pain presentations identified glucose,
CRP, and liver function test as the 3 tests with the highest
variation in ordering, with 21, 17, and 14 EDs categorized
as outliers, respectively. Common to both clinical
presentations, glucose and CRP were the 2 tests with the
greatest variability, with a larger number of outlier EDs
identified for these tests in association with chest pain
orders. Within the literature, several empirical studies have
examined the utility of CRP testing in the triage66 and
diagnosis67,68 of acute abdominal pain, as well as its role in
the evaluation of patients presenting to the ED with chest
pain.69,70 In addition, numerous guidelines are available to
assist ED clinicians with assessing both abdominal
pain41,42,71-73 and chest pain49,71,74; however, the choice of
diagnostic test(s) can be affected by a range of factors,
including patient history, symptoms, and physical
examination,41,49,73 and ultimately clinical judgment.71

Thus, the interpretation of the findings from our study
needs to be reviewed in the context of each ED setting and
the characteristics of its patient presentations, as
recommended by Buchan et al12 and Bojakowski,75 who
have highlighted the need for local-level contextualized
evaluation in determining why variations exist. This
ratiocination holds true for laboratory test–ordering
variations associated with both abdominal and chest pain
presentations.

Although atlases of variation have been widely used in
both Australia1 and globally,2-7 to the best of our
knowledge our study is the first to examine inter-ED
variations in the use of laboratory testing for 2 common
clinical presentations in the ED setting. Our findings
support similar studies in the literature that have identified
significant variations in test ordering.20,23,28 Laboratory test
orders for chest pain presentations have previously been
investigated on a smaller scale by Wabe et al28 in
comparing test-ordering patterns with a clinical guideline in
Volume 78, no. 1 : July 2021
6 EDs. The authors concluded that both hospital and
patient characteristics contributed significantly to the
variations in ordering practices.28 A larger study in the ED
setting conducted by Salinas et al20 analyzed variations for
15 specific chemistry tests ordered across 36 EDs in Spain,
finding large variations in the ordering of immediate tests.
Two specific diagnostic tests (namely, CRP and erythrocyte
sedimentation rate), were examined by O’Sullivan et al23

across 69 general practices, in which the authors also
identified outlying practices by using an approach similar to
that of our study. Our study adds to this existing literature
in identifying and comparing inter-ED variations for
laboratory test use for both chest pain and abdominal pain,
including the extent of EDs with outlying ordering
practices for specific test types. In addition, we have
determined the top 15 most frequently ordered tests for
each clinical presentation, including the top 3 tests with the
greatest ordering variations, highlighting CRP and glucose.

As an atlas of variation project, our study aimed to
identify EDs with outlying ordering practices and our
results serve to inform the participating hospitals of their
ordering practices in comparison with that of their peer
groups. We emphasize that detection of high- or low-
ordering practices (above or below the 99.8% limits) does
not imply inappropriate testing and our results should not
be interpreted as suggesting any level of inappropriate or
unwarranted ordering. Rather, it is through identifying
high- or low-ordering practices that EDs can determine
whether to initiate context-specific reviews to further
investigate whether their test-ordering practices can be
improved. Such reviews represent the next step in realizing
the results of our study and suggest an area for further
research. The value and importance of identifying
variations have been acknowledged in the literature, with
Karnon et al14 suggesting variations can be used to
determine priority areas for more detailed analysis, and
DaSilva and Gray8 emphasizing the need to search for
variations that may be unwarranted. The underlying
reasons for variations in clinical practice are likely to be
complex and multifaceted, with several potential
contributing factors identified in the literature, including
differences in service models,75 inadequate access to
services,16 different attitudes toward health care in
society,75 hospital characteristics,28 differences in the
prevalence of diseases,12 and physician-related factors.76

Additional factors may be related to how laboratory
ordering is configured in electronic ordering systems (eg,
“test panels”77), or the preemptive ordering of tests that
may be useful in the continuum of care77 or for reducing
delays while inpatient transfer is awaited. There may also be
differences in the demographics and health status of
Annals of Emergency Medicine 159
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patients presenting to metropolitan versus regional EDs.
These factors should be given full consideration when
detailed exploration of whether variations are unwarranted
is undertaken.

In summary, our study has identified that inter-ED
variations exist in laboratory test ordering for 2 common
clinical presentations to NSWEDs, and we have detected the
EDs that have either high or low ordering rates for specific
laboratory tests. In identifying variations, we have set the stage
for local health districts to review these inter-ED differences
and determine whether the variations are unwarranted.
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