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ABSTRACT

Objective: The study aimed to evaluate the prevalence and impact of low-value diagnostic tests at a regional, major-referral,
mixed Emergency Department (ED).

Methods: A single-site, cross-sectional study was conducted at Townsville University Hospital in April 2022. Adult patients
(aged 18years and above) who underwent one of 10 specified diagnostic tests were included. The tests encompassed coagulation
studies, urine cultures, blood cultures, cranial computed tomography (CT) in syncope, cranial CT in minor head injury, cervical
spine CT in neck trauma, ankle X-ray in acute ankle trauma, duplex lower extremity ultrasound in suspected deep vein throm-
bosis, CT pulmonary angiography in suspected pulmonary embolism, and CT kidney ureter bladder in renal colic. Tests were
classified as low-value based on Choosing Wisely recommendations, with their value determined by a research assistant using
clinical documentation, prior to the availability of test results. Emergency clinicians were blinded to the study conduct.
Results: Of all diagnostic tests performed, 48.2% (276/572) were deemed low-value, including 50.6% of laboratory tests (246/486)
and 24.4% of imaging tests (21/86). The median ED length of stay was 6.1 h (IQR 3.9-8.5). Low-value imaging tests contributed
to 152 lost bed-hours per 100 tests.

Conclusion: A substantial proportion of diagnostic tests were low-value, exacerbating access block and reducing the availability
of ED beds, thereby delaying timely emergency care. The implementation of evidence-based, effective strategies is imperative to
mitigate patient harm associated with low-value diagnostic tests.

1 | Introduction Despite concerted efforts by professional organisations world-
wide to eliminate low-value care, including the Choosing

Low-value care, defined as medical interventions that are inef- ~ Wisely campaign initiated by the American Board of Internal

fective, inefficient, and provide no benefit to patients, represents
a significant challenge to global health systems [1-5]. The prev-
alence of such care varies widely, reported to be between 1% and
80%, and it imposes a substantial economic burden [5]. In the
United States, the annual cost of low-value care is estimated at
A$423billion [5] In Australia, the cost to NSW public hospitals
alone is A$99.3 million [1].

Medicine in 2012, Choosing Wisely Canada (CWC) since 2014
and subsequently Choosing Wisely Australia since 2015, the
issue persists [6-9]. The persistence of low-value care ne-
cessitates a re-evaluation of its framing, suggesting that it
be considered a patient safety concern and a source of pre-
ventable harm, which may bolster engagement from clini-
cians and the community [10, 11]. However, robust evidence
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detailing patient harm resulting from low-value care remains
scarce [12].

In the Emergency Department (ED), low-value care can ex-
acerbate patient flow issues and contribute to access block.
Access block is a critical problem in the Australasian health
care system where admitted patients experience delays in
transferring from the ED to inpatient beds due to capacity
constraints [13, 14]. With Australasian EDs experiencing un-
precedented demand, 46.1% of admitted patients experience
access block [14], leading to compromised patient outcomes,
increased clinical errors, and higher mortality rates [14-16].
The performance of low-value diagnostic tests can further im-
pede ED operations, prolong patient stays, and adversely im-
pact patient flow [17-19].

In addition to impairing patient flow, low-value tests can have
other adverse patient outcomes. Low-value imaging tests could
reveal incidentalomas—imaging abnormality in an asymptom-
atic patient or imaging abnormality unrelated to symptoms in
a symptomatic patient—necessitating further investigation [20].
Incidentalomas were common in the study by Davenport et al.,
who reported at least one incidental finding in 15%-30% of all
imaging tests and 20%-40% of computed tomography (CT) scans
[21]. Patients with incidental findings but low risk for disease are
likely to experience length bias, lead-time bias, overdiagnosis
and overtreatment that create an illusion of benefit while con-
ferring harm [21].

The aim of this study was to determine the prevalence and im-
pact on patient flow of low-value laboratory and imaging tests at
Townsville University Hospital Emergency Department.

2 | Methods

This was a single-site, cross-sectional study conducted at
Townsville University Hospital ED, a major-referral, mixed
ED located in regional Queensland. The hospital had an an-
nual patient census of 95,362 for the calendar year 2022. The
study was conducted over 20 weekdays (daytime hours), from
4 April to 29April 2022. Ethics approval, inclusive of a consent
waiver, was granted by the Townsville Hospital and Health
Service Human Research Ethics Committee (HREC/2021/
QTHS/75339). The study adhered to the STROBE guidelines
for reporting [22].

2.1 | Participants

Individuals aged 18 years or older who underwent specific diag-
nostic laboratory or imaging tests ordered by an emergency cli-
nician were considered eligible. The study focused on 10 tests:
coagulation studies, urine cultures, blood cultures, cranial CT
in syncope, cranial CT in minor head injury, cervical spine CT
in neck trauma, ankle XR in acute ankle trauma, duplex lower
extremity ultrasound in suspected deep vein thrombosis, CT
pulmonary angiography in suspected pulmonary embolism,
and CT Kidney Ureter Bladder in renal colic. These tests were
selected based on the availability of evidence-based guidelines
to inform clinical practice (Table 1). The primary outcomes

measured were the proportion of patients undergoing any tests,
the proportion of low-value tests, ED length of stay (LoS), and
additional ED LoS attributable to low-value tests termed ‘lost
bed-hours’. We defined ED LoS as the time from ED arrival to
ED departure [23]. We defined lost bed-hours as additional time
spent by patients in emergency department bed space (including
short stay unit) whilst awaiting results of low-value laboratory
and imaging tests (Figure 1). The concept of lost bed-hours was
informed by literature on lost bed-days which has been used
to quantify adverse patient outcomes from hospital acquired
infections [24]. The term ‘bed’ refers to ED treatment spaces
(bed or chair). We did not make a distinction between a bed or a
chair and decided on the term bed (rather than treatment space)
to align with prior literature on lost bed-days.

2.2 | Data Collection

Recruitment occurred when a research assistant was present,
utilising the FirstNet ED Information Software (Cerner Inc) to
prospectively identify and enrol eligible participants. Tests were
classified as low-value if they did not align with the Choosing
Wisely recommendations (Table 1). The research assistant,
blinded to the test outcomes, assigned the value of tests based on
the treating clinicians’ documentation. The absence of explicit
documentation for a low-value test was interpreted as a lack of
indication for that test. Emergency clinicians were blinded to the
study, ensuring no change in the care provided to participants.

Data collection was executed by a single research assistant over
160h throughout the study period. The assistant received train-
ing using practice medical records and was blinded to the study
aims. A standardised form was employed for data collection,
with clearly defined eligibility criteria and variables. Periodic
meetings ensured performance monitoring, and any data am-
biguities or conflicts were resolved through consensus among
the investigators. Data variables included age, sex, ED triage
time and date, ED presenting complaint, value of tests, results
of tests, ED discharge diagnosis, ED discharge destination, ED
LoS, test request time, and test result time.

2.3 | Sample Size and Data Analysis

A sample size calculation was not performed and instead a
convenience sampling approach was used. Data analysis was
performed in STATA (StataCorp LLC. 2023. Stata Statistical
Software: Release 18.0 College Station, TX, USA). Continuous
variables were summarised as means and standard deviations
(SD) or medians and inter-quartile ranges (IQR), contingent
upon the distribution's normality. Categorical variables were
presented as counts and percentages. The metric of lost bed-
hours per 100 low-value tests was also calculated.

3 | Results

During the 20 weekday study period, encompassing 160h, a
total of 1871 patients presented to the study site, and 424 were
recruited. Flowchart of participant inclusion is presented in
Figure 2.
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TABLE1 | Choosing Wisely recommendations for the 10 diagnostic tests of interest.

Test Choosing wisely recommendation

Cranial CT in syncope Avoid CT of the head in asymptomatic adult patients in the emergency
department with syncope, insignificant trauma, and a normal neurological
evaluation. Choosing Wisely — Cranial CT in Syncope Recommendation

Cranial CT in minor Don't request CT head scans in patients with head injury, unless indicated by a validated
head injury clinical decision rule. Choosing Wisely — Cranial CT in Minor Head Injury Recommendation
Cervical CT Don't request imaging of the cervical spine in trauma patients, unless indicated by a

validated clinical decision rule. Choosing Wisely — Cervical CT Recommendation

CT KUB Avoid requesting CT KUB in otherwise healthy ED patients, age < 50years, with
a known history of kidney stones, presenting with symptoms and signs consistent
with uncomplicated renal colic. Choosing Wisely - CT KUB Recommendation

CTPA Don't request any diagnostic test for suspected PE unless indicated by Wells Score
(or Charlotte Rule) followed by PE rule-out criteria (in patients not pregnant). Low
risk patients in whom diagnostic testing is indicated should have PE excluded by a

negative D dimer not imaging. Choosing Wisely - CTPA Recommendation

US DVT lower limbs Don't request duplex compression ultrasound for suspected lower limb DVT in ambulatory
patients unless the wells score (DVT risk assessment score) is greater than 2, OR if less than
2 but D-dimer assay is positive. Choosing Wisely - US DVT Lower Limb Recommendation

Ankle X-ray Don't request imaging for acute ankle trauma unless indicated by Ottawa
Ankle Rules (localised bone tenderness or inability to weight-bear as defined
in the rules). Choosing Wisely - Ankle X-ray Recommendation

Coagulation studies Avoid coagulation studies in ED patients unless there is a clearly defined specific
clinical indication, such as monitoring of anticoagulants, in patients with
suspected severe liver disease, coagulopathy or in the assessment of snakebite
envenomation. Choosing Wisely — Coagulation Studies Recommendation

Blood culture Avoid blood cultures in patients who are not systemically septic, have a clear source of infection
and in whom a direct specimen for culture (e.g., urine, wound swab, sputum, cerebrospinal
fluid or joint aspirate) is possible. Choosing Wisely — Blood Culture Recommendation
Urine culture Do not perform surveillance urine cultures or treat bacteriuria in elderly patients in the absence
of symptoms or signs of infection. Choosing Wisely — Urine Culture Recommendation
Abbreviations: CT, computed tomography; DVT, deep vein thombosis; KUB, kidney ureter bladder; PA, pulmonary angiography; PE, pulmonary embolus; US,
ultrasound.
ED ED
triage discharge
time time
ED LoS
v ~
T~ Cdd
ED LoS
if no low-value test Lost bed hours
P >~ L ~
~ e e
Low-value Low-value
testrequest testresult
time time
FIGURE1 | Timeline for calculating ED LoS and lost bed hours.
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1178 Patients were screened
(total number of tests: 1326)

' not screened

478 Excluded: Did not

+ 215 Excluded: Were

754 Excluded: Did not

424 Patients had one
(or more) of the chosen tests
(total number of tests: 572)

FIGURE 2 | Flow chart of patient inclusion.

The participants age range was 18-99years, with a median age
of 60 (IQR 37-74). Female participants accounted for 55% of the
study cohort. Discharge outcomes were as follows: 41% were dis-
charged home, 57% required hospital admission, and 2% were
admitted to the Hospital in the Home (HITH) program. 1 patient
(0.1%) died in ED, due to out-of-hospital cardiac arrest.

The prevalence and impact of low-value tests are summarised
in Table 2. The overall prevalence of low-value tests was 48.2%
(276/572) including 50.6% of laboratory tests (246/486) and
24.4% of imaging tests (21/86). Cranial CT scans for syncope
were identified as low-value in 100% of cases (5 out of 5 scans).
Coagulation studies were the most frequently encountered low-
value laboratory test, accounting for 55.3% (89 out of 161 tests).
None of the low-value laboratory and imaging tests yielded pos-
itive results. The median ED LoS was 6.1h (IQR 3.9-8.5). Low-
value imaging tests resulted in 152 lost bed-hours per 100 tests.

4 | Discussion

Our study found that a large proportion of laboratory and im-
aging tests were low-value. This finding is consistent with the
prevalence of low-value tests highlighted in recent ED studies
[8, 25-27]. For example, a Canadian study across four prov-
inces found no decrease in the 30% rate of chest radiographs

TABLE 2 | Prevalence of and lost-bed-hours from low-value

diagnostic tests at TUH-ED.

» have one of the chosen |

Lost
Diagnostic test Prevalence bed-hours
Cranial CT in syncope 100% (5/5) 6.2
Cranial CT in minor 37% (7/19) 7.0
head injury
Cervical CT 17.6% (3/17) 3.4
Ankle X-ray 7% (1/15) 1.1
CTKUB 0% (0/14) 0
CTPA 31.3% (5/16) 14.2
US DVT lower limbs 0% (0/0) a
Coagulation studies 55.3% (89/161) b
Blood cultures 51.6% (48/93) b
Urine culture 47.0% (109/232) b

Abbreviations: CT, computed tomography; DVT, deep vein thrombosis; KUB,

kidney ureter bladder; PA, pulmonary angiography; TUH-ED, Townsville
University Hospital Emergency Department; US, ultrasound.

2No US scans were performed during the study period.

YLost bed-hours could not be calculated due to contemporaneous alternative

diagnostic test requests.
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for infants with bronchiolitis since 2014-2015 [25]. Comparable
rates were observed for cranial CT scans in adults with minor
head injuries without red flags [25]. Similarly, Friere et al. re-
ported that 39.5% of paediatric ED presentations for constipation
had low-value abdominal radiographs [26, 27], and Venkatesh
et al. identified a low-value lumbar spine imaging rate of 34.7%
in a study of adult patient presentations with atraumatic low-
back pain across 305 United States EDs [8]. A similar prevalence
was noted in a single-site Australian study which reported an
imaging rate of 39.3% in adult patient presentations with non-
specific low-back pain [27].

Our study further indicates that low-value imaging tests contrib-
ute to prolonged ED stays, escalating the risk of patient harm.
We introduced ‘lost bed-hours’ as a metric to quantify the addi-
tional ED LoS and the associated patient harm resulting from
low-value tests. This concept parallels ‘lost bed-days’, tradition-
ally used to measure the hospital-level impact of healthcare-
associated infections [28]. The ‘lost bed-hours’ metric reflects
that diminished availability of ED beds could be exacerbating
the negative consequences of access block. The potential impact
of low-value tests on access block will need to be explored in a
multisite, prospective study.

Jones et al. found that a 10% increase in admitted ED patients
experiencing access block led to a 10% rise in the risk of mor-
tality within 7days for new patients presenting to ED [16]. This
is echoed by a United States study linking ED overcrowding to
longer stays and higher mortality rates [29]. Low-value tests can
thus harm patients by compounding access block. Reducing
low-value tests could mitigate this compounding effect and as-
sociated patient harm.

Overuse of testing appears to be common, driven by availability,
apparent objectiveness, and the increasing sensitivity of tests to
detect disease [6]. Overuse of diagnostic testing is a particular
problem in emergency medicine. Emergency physicians cite fear
of missing a diagnosis, fear of lawsuits, and perceived patient
expectations as key contributors [30].

Risk-aversion and intolerance for uncertainty are unsurpris-
ing, given the context in which Emergency Physicians function.
Emergency Medicine pairs high-stakes decision making with a
unique set of challenges. These include lack of time and space
(limiting the opportunity to gather a thorough history, learn po-
tentially relevant psychosocial or other contextual factors, and
establish trust), lack of an ongoing relationship between physi-
cian and patient, and uncertain access by patients to appropriate
follow-up [30].

While our study did not examine other adverse outcomes of low-
value tests, such as patient pain, emotional stress, unnecessary
follow-up procedures, clinician burnout, and financial costs,
these are well-documented concerns [12, 31].

To mitigate low-value testing, diagnostic stewardship—admin-
istering the right test for the right patient at the right time—has
been advocated [32, 33]. This approach necessitates disrupting
habitual testing behaviours, as noted by Grimshaw et al., who
recommend population and system-level de-implementation
strategies [34]. The Choosing Wisely De-Implementation

Framework provides a structured method for designing inter-
ventions based on behavioural change theories, encompassing
the identification of low-value tests, local priorities, drivers, in-
terventions, and rigorous evaluation [35]. This could guide fu-
ture efforts to eliminate low-value testing and enhance patient
safety [35].

A strength of our study is the blinding of emergency clinicians to
study conduct. This blinding likely eliminated Hawthorne bias,
where clinicians might alter their behaviour due to the aware-
ness of being observed. Our study method reduces the risk of
post hoc rationalisation, where tests with negative results might
be deemed low-value and those with positive outcomes consid-
ered high-value.

The single-site, in-hours design limits the generalizability of our
study findings. The relatively small number of individual tests
reduces the strength of our conclusions. There is a high risk of
bias from the method of determination of test value by a single
rater. Exclusion of 215 patients at the screening stage increases
the risk of bias due to missing data. The reliance on clinical doc-
umentation to determine test value could have led to an over-
estimation of low-value test prevalence due to the absence of
documentation in patients who had a valid indication. Exclusion
of patients presenting overnight—when decision-making is not
supported by Emergency Physicians—who were present in ED
between 0800 and 2300 h- may have resulted in an underestima-
tion of the prevalence of low-value tests.

As imaging tests accounted for a small proportion (15%) of all
tests in our study, the use of low-value imaging tests alone to
calculate lost-bed-hours is a key limitation of our study. The
concurrent performance of low-value laboratory tests with other
diagnostic tests posed a challenge in quantifying their impact
in terms of lost-bed-hours. This limitation reinforces the need
for further research into better measures of quantification of the
impact of low-value laboratory tests on patient care, outcomes,
and safety.

In summary, our study contributes to the body of emergency
medicine literature by highlighting the prevalence and im-
pact of low-value diagnostic tests. The limitations noted
above underscore the need for larger, multi-site studies to
more accurately quantify the patient, clinician, and system
harm associated with low-value tests. Such studies could fur-
ther enhance clinician and community engagement in efforts
to reduce such tests and improve patient safety. Reframing
value-based health care as a resource sustainability issue
could bolster efforts to reduce low-value tests. Future research
should focus on the design, implementation, and evaluation of
evidence-based interventions aimed at de-implementing low-
value diagnostic tests.

5 | Conclusion

Low-value diagnostic tests are prevalent and contribute to ex-
tended ED LoS, exacerbating access block and potentially in-
creasing patient harm. The development and implementation
of evidence-based interventions are crucial to reduce low-value
tests and mitigate their negative impact on patient care.
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