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ABSTRACT

Objective: This study was designed to reduce inappropriate Full Blood Count (FBC) pathology testing on specific hospital
wards. It was hoped that by auditing requested Full Blood Counts, the researcher would be able to determine and benchmark
appropriateness before conducting feedback interventions to promote appropriate pathology test ordering.
Methods: To reduce inappropriate Full Blood Count pathology test ordering, the researcher audited patient notes and pathology
test request forms in June 2015 before conducting audit and feedback interventions in July, August, and September 2015 on
the hospital ward areas. The feedback intervention consisted of auditing patient notes, pathology request forms, and the local
pathology clinical integration systems to determine Full Blood Count appropriateness. This data was then communicated to
the attending doctor and requesting doctor during feedback sessions. To conceptualize appropriate pathology test ordering, the
researchers highlighted the “Framework for analysis of test ordering” during scheduled feedback sessions. It was hypothesized
that audit and feedback would decrease the amount of inappropriate Full Blood Counts ordered.
Results: After receiving the audit and feedback intervention, clinicians were more likely not to order inappropriate Full Blood
Counts (64.60% vs. 23.40%), specifically providing adequate clinical reasoning for the test, t(4.6706) = 0.0429, p = .05.
Conclusions: This study found that audit and feedback sessions significantly improved appropriate pathology test ordering and
the clinical reasoning associated with Full Blood Counts.

Key Words: Medical education, Inappropriate pathology test ordering, Evidence-based pathology test ordering, Specimen error
reduction, Over-ordered medical tests

1. INTRODUCTION

Pathology testing has an important role in the diagnosis,
monitoring, and screening for disease. This reliance has
led to dramatic increases in pathology testing in many coun-
tries.[1–3] While some of this increase is appropriate, reflect-
ing advances in training and technology,[4] as detailed by Gar-
diner[5] there is a growing trend of inappropriate/unnecessary
pathology ordering. This includes inappropriate pathol-
ogy requesting which are “performed at the wrong time
or too frequently to be of value in diagnosis, prognosis,

or ongoing clinical management”.[6] Concerns have been
raised on the appropriateness of commonly ordered tests,
including Full Blood Counts (FBCs),[7] Liver Function Tests
(LFTs),[8] Vitamin B12/folate (Vit B12),[9] Thyroid Function
Tests (TFTs),[10] Vitamin D (Vit D), Prostate-Specific Anti-
gen (PSA), and Troponin.[11] Australian data suggests that
many of the pathological testing does not necessarily meet
recommended guidelines, including 25%-75% of tests or-
dered not being supported by evidence or expert opinion.[12]

As such, inappropriate pathology testing could be considered
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low-value in that it does not benefit the ongoing management
of the patient.[13]

A number of influences have been described[14–17] for the
test ordering behaviors of clinicians, including doctor related
factors such as experience, perceived medico-legal risk, pa-
tient related factors such as anxiety, hospital related factors
such as business processes, systems related factors such as
the development of new tests, health system incentives fa-
voring more tests, and cultural beliefs that more is better.
Inappropriate pathology testing can lead to over-diagnosis,
which leads to unnecessary treatment, and adds to the risk
of patient harm. Furthermore, inappropriate pathology leads
to a reduction in the value of the pathology test, specifically
reducing the patient benefit as it compares to expenditures.
Judgments about value should be a key consideration in de-
cision making, although in healthcare it can be lacking.[13]

High cost interventions may provide good value because
they are highly beneficial; alternatively, low-cost interven-
tions may have little or no value if they provide minimum
benefit.[13]

Medical testing costs within Australia are increasing at an
unsustainable rate.[11] There has been debate around health-
care being rationed within Australia.[18, 19] However, the
term rationing implicitly refers to restricting the use of any
intervention, regardless of its benefit to the patient.[12] It is
the researcher’s belief that the best way to avoid inadvertent
reductions in effective medical testing is to identify and re-
duce wasteful practices, and demonstrate those medical tests
which provide value. As such, the first step toward providing
high-value care is to discontinue interventions that provide no
benefit, including routine and clinically unjustified medical
testing. This strategy would help make healthcare more sus-
tainable while providing enhanced patient outcomes through
clinicians carefully assessing the value of the medical inter-
vention. The successful delivery of high-value care depends
on developing evidence which will help administrators un-
derstand which services provide good value.[20]

FBCs at Calvary Hospital accounted for a significant amount
of the tests ordered in 2013-2014 (14%). Much of these
FBC tests were deemed inappropriate, such as repeated FBC
pathology testing (7.45%). Previous research[5] highlighted
that the hospital ward areas had the highest percentage of
inappropriate FBC pathology testing repeats, at an average
inappropriate rate of 18%. These repeated tests did not con-
tribute to the ongoing management of the patient and could
be deemed a low-value pathology test.

Recognizing this trend and to promote appropriate high-value
pathology testing, the researcher implemented an audit and
feedback intervention on the hospital wards targeting FBCs

directly.

Hypothesis: Audit and feedback reduces inappropriate FBC
pathology testing in targeted ward areas.

2. METHOD

2.1 Case hospital
The case hospital is an accredited 250 bed public hospital
located in Canberra Australia. The hospital has many ser-
vices including an Emergency Department, an Intensive and
Coronary Care Unit, medical and surgical wards, a Maternity
Unit, a voluntary psychiatric ward, and ambulatory care and
outreach facilities and services. The hospital is a teaching
hospital with associations with local universities.[21] The
fully accredited clinical laboratory provides specialist pathol-
ogy services to the general public and while patients are in
hospital.[22]

2.2 Audit
To reduce inappropriate FBCs pathology test ordering, the
researcher audited patient notes and pathology request forms
in June 2015 before conducting feedback interventions in
July, August, and September 2015 on the hospital ward areas.
This strategy allowed targeted intervention by department
and clinician.

2.3 Inappropriate pathology testing ordering criteria
A FBC was deemed inappropriate if the test was ordered
without adequate clinical reasoning, and using The National
Coalition of Public Pathology (2012) definition of inappro-
priate pathology, “performed at the wrong time or too fre-
quently to be of value in diagnosis, prognosis, or ongoing
clinical management.”[6] Furthermore, if the results were not
accessed in the hospital’s clinical information systems or
used in ongoing patient management within 24 hours, the
test was deemed inappropriate. This information was gained
by referencing the signature access data via the hospital’s
pathology clinical information system.

Inadequate clinical reasoning:

• Including results not accessed or used in the ongoing
patient management within 24 hours.

Preformed at the wrong time or too frequently:

• Including repeated pathology testing without adequate
clinical reasoning.

• Pathology request forms submitted and/or completed
24 hours before the specimen was collected. This did
not include requests ordered 24 hours in advance for
a justified clinical reason. If the pathology test was
ordered in advanced, although was used in patient man-
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agement, it was deemed appropriate due to adequate
clinical reasoning.

Each criterion was allocated a score of 1. A score of 0 in-
dicates compliance. The criteria were non-accumulative; if
a FBC was both inadequately reasoned and performed at
the wrong time or too frequently, only 1 point was received.
To further validate the clinical reasoning of the FBC pathol-
ogy test ordered, the researcher used the Royal College of
Pathologists Australasia online manual.[23]

2.4 Feedback
The feedback intervention included formulating the previous
days FBC pathology request forms in the hospital laboratory
before accessing the clinical records and clinical information
systems on the wards. The researcher determined appro-
priateness of the pathology test ordered, followed by direct
education with the requesting and admitting doctor who or-
dered the test, followed by detailing the issues associated
with inappropriate pathology test ordering. This allowed
identification of unconscious incompetence, or potential un-
knowns or limitations of the treating clinician.[24] These
results were tabled at the conclusion of the intervention.

During feedback, the researcher highlighted the “Framework
for analysis of test ordering”[11] which included the following
questions, relating to pathology test ordering:

• Why did you order the test?
• How will the ordered test alter your management?
• What are the potential risks of ordering or not ordering

the test?
• Is there a potential of over diagnosis?
• What is the likelihood of a positive result?
• What is the prevalence of the provisional diagnosis?
• Were you influenced by anything else?
• Are there guidelines related to this presentation?

Researchers asked the clinician to answer this framework
based on the last FBC pathology test ordered (not necessarily
the test deemed inappropriate). The framework was benefi-
cial in conceptualizing rational pathology test ordering.

2.5 Statistical analysis
A paired t-test was used to compare results from the pre-
feedback month of June 2015 to the feedback months of
July, August, and September 2015. Means were compared
throughout the intervention.

3. RESULTS
3.1 Audit and feedback
A total of 300 patients were included in the study. The
researcher audited patient notes and pathology request

forms; 113 pre-intervention and 187 intervention. The pre-
intervention month had 64.60% inappropriate FBC testing
whereas the intervention months had an average of 32.15%
inappropriate FBC testing. Of those, the pre-intervention
month had 35.5% inadequately clinical reasoned, and 30.1%
performed at the wrong time or too frequently. The interven-
tion months had an average of 18.1% inadequately clinical
reasoned, and 14.0% performed at the wrong time or too
frequently. Of note, the pre-intervention month had 8.0%
of requests deemed not clinically justified due to the results
not being accessed or used in ongoing patient management
within 24 hours. The intervention months had 5.9% of re-
quests deemed not clinically justified due to the results not be-
ing accessed or used in ongoing patient management within
24 hours. After receiving the audit and feedback intervention,
clinicians were more likely not to order inappropriate FBCs.
This result was significant t(4.6706) = 0.0429, p = .05.

Of note, the average pathology testing per admission de-
creased. The average pathology tests requested per admis-
sion was 13.40 from May 2013 until June 2015, whereas
the intervention demonstrated an average of 11.73 pathol-
ogy tests per admission. This decrease was significant
t(3.0015) = 0.0057, p = .05.

3.2 FBC financial value of pathology test
The cost of a FBC within this research hospital was $16.95
(AUD) per test.

3.2.1 Pre-intervention
The pre-intervention data indicated that for every 10 patients
receiving a FBC, 3.54 would benefit and 6.46 would not
benefit from the pathology test. In financial terms, this indi-
cates that $169.50 would need to be spent, with an overspend
of $109.50, to benefit 3.54 patients. This trend could be
categorized as low-value pathology testing.[13]

3.2.2 Post-intervention
The post-intervention data indicated that for every 10 pa-
tients receiving a FBC; 7.66 would benefit and 2.34 would
not benefit from the pathology test. In financial terms, this
indicates that $169.50 would need to be spent, with an over-
spend of $39.66, to benefit 7.66 patients. This trend could be
categorized as medium-value pathology testing.[13]

This is an improvement from the pre-intervention overspend
of $109.50 (low-value) to $39.66 (medium-value) post in-
tervention. Due to the small sample size, the results did not
directly contribute significant financial gains, although the
hospital did demonstrate a reduction in the amount spent
on pathology testing. Researchers compared the hospital’s
financial data from July, August, and September 2014 to the
intervention periods financial data. Results demonstrated a
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significant reduction t(5.7750) = 0.0045, p = .05. Results
reflect previous research[5] which demonstrated significant
financial impacts, by reducing inappropriate pathology.

3.3 Framework for analysis of test ordering
Researchers collected and compared data from the pre-
intervention month of June to the intervention month of
September. As discussed, the pre-intervention month had
more FBC pathology tests deemed inappropriate, with subse-
quently more feedback sessions occurring, compared to the
last intervention month of September.

3.3.1 Pre-intervention framework
The pre-intervention month had the following results
(N = 73):

• 42 (57%) could not adequately recall why they or-
dered the FBC, with many request forms submitted
6-24 hours in advance

• 49 (67%) highlighted potential for incidental, non-
significant findings

• 59 (81%) highlighted that they ordered the FBC with
other “required” tests, i.e., highlighted that since they
were taking blood they added a FBC as a potential
time saver

• 7 (9.6%) highlighted they did not realize the bloods
had been taken and repeated the test

• 54 (74%) acknowledged the test ordered would not
alter their management

• 65 (89%) highlighted potential risks of ordering or not
ordering the test

• 51 (70%) acknowledged there was a risk of over di-
agnosis (the cascade of tests following inconclusive
results)

• 55 (75%) acknowledged that a positive result was
likely

• 47 (64%) highlighted the prevalence of the provisional
diagnosis

• 58 (79%) admitted they were influenced by something
else, including medico-legal reasons and other clini-
cians requesting certain tests

• 62 (85%) recalled guidelines related to this presen-
tation, although 52 (84%) admitted to not applying
evidence-based guidelines

3.3.2 Intervention framework
The last intervention month had the following results
(N = 11):

• 1 (9.1%) could not adequately recall why they ordered
the FBC

• 3 (27%) highlighted potential for incidental, non-
significant findings

• 4 (36%) highlighted that they ordered the FBC with
other “required” tests, i.e., highlighted that since they
were taking blood they added a FBC as a potential
time saver

• 0 (0%) highlighted they did not realize the bloods had
been taken and repeated the test

• 1 (9.1%) acknowledged the test ordered would not
alter their management

• 8 (73%) highlighted potential risks of ordering or not
ordering the test

• 1 (9.1%) acknowledged there was a risk of over di-
agnosis (the cascade of tests following inconclusive
results)

• 3 (27%) acknowledged that a positive result was likely
• 10 (91%) highlighted the prevalence of the provisional

diagnosis
• 3 (27%) admitted they were influenced by something

else, including medico-legal reasons and other clini-
cians requesting certain tests

• 10 (91%) recalled guidelines related to this presen-
tation, although 5 (45.5%) admitted to not applying
evidence-based guidelines

The average comparisons between the pre-intervention and
final intervention month “Framework for analysis of test or-
dering” was 69.55% vs. 36.30% respectively. This result was
significant t(2.5724) = 0.01484, p = .05.

4. DISCUSSION
This study found that audit and feedback sessions signifi-
cantly improved appropriate pathology ordering and specif-
ically the clinical reasoning associated with FBCs. Before
feedback, clinical reasoning for FBC pathology testing was
poor. This study had the effect of promoting adequate clini-
cal reasoning and note taking within the patient record and
on the pathology request form. This is believed to have
improved appropriate medical test ordering.

By focusing on the clinical reasoning associated with or-
dering FBC pathology testing, the researcher was able to
enhance the tests’ value per patient, by specifically reducing
those tests of low-value. While the results did not directly
contribute significant financial gains, the hospital did demon-
strate a reduction in the amount spent on pathology testing
from the previous year. The research outcomes provide a
clinical example of how audit and feedback can promote
high-value pathology ordering. It is believed this process
could be applied to other medical tests, improving their test-
ing value, which in turn helps provide a more sustainable
healthcare system.

A key limitation of this study was the rotating nature of the
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junior medical officers, and the small sample size. On aver-
age, the interns and residents rotate clinical placement every
three months. To be effective, appropriate medical test order-
ing will need to be reinforced to every new clinical rotation.
To maintain positive results, the hospital has established reg-
ular education modules, with a specific focus of pathology
test ordering, in conjunction with conducting regular audit
and feedback interventions focusing on appropriate medical
test ordering. Previous research[5] has demonstrated that this
strategy can “reduce inappropriate pathology test ordering,

commonly over-ordered pathology test ordering, and pathol-
ogy specimen error rates while maintaining positive patient
outcomes”. The researcher believes that continued auditing
and feedback in conjunction with regular education mod-
ules will continue trends of reducing inappropriate pathology
testing.
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