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INTRODUCTION
Blood tests have become a fundamental 
aspect of clinical decision-making within 
healthcare. They are incorporated univer-
sally across specialties, including diagnosis, 
health monitoring, response to treatment, 
and symptom management.1 Although they 
play a crucial role in clinical decision-mak-
ing, they need to be ordered and used in a 
considered and appropriate way. The overuse 
of these tests burdens the healthcare system. It can 

detrimentally impact patient care, with evidence 
suggesting an ongoing increase in the number 

of requested blood tests without consider-
ing each test’s rationale.1–3 Tamburrano et 
al identified a consistent rise in blood tests 
by approximately 5% per annum over 
the past ten years in the United States and 

Europe.4 Indeed, health economists esti-
mate that a fifth of spending in healthcare is 

ineffective and even wasteful.5

Within Australia, driven by the rising demands 
for hospital services, blood tests, and budgetary 

constraints, the National Coalition of Public Pathology 
(NCOPP) was endorsed under the Department of Health 
and Ageing to undertake a review on encouraging “qual-
ity pathology ordering.” The NCOPP described a qual-
ity order as the right test at the right time on the right 
patient for the right condition.6 The report identified cul-
tural behaviors as a major barrier to successfully reducing 
blood tests. The report aligns with the strategic direction 
of both local and international campaigns, such as the 
Sensible Test Ordering Project7 and the Choosing Wisely 
Initiative.8

Within our cancer center, routine daily blood tests had 
become standard of care for all inpatients. However, tests 
were being ordered and performed often without careful 
consideration of the specific clinical situation. Central 
venous catheters (CVC) made the collection of blood 
tests easy to perform. Although blood tests are valuable, 
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overordering has wide-ranging implications. For example, 
frequent blood sampling can result in clinician-induced 
anemia,9 exacerbated in pediatric cancer patients by their 
small blood volume and underlying impaired bone marrow 
function, and increase the need for blood transfusions.

Additionally, associated underlying disease and treat-
ment-related immunosuppression, alongside frequent 
accessing of CVCs, has long been shown to increase the 
risk of catheter-related bloodstream infections.10 Patients 
may also feel increased psychological anxiety, anticipating 
that results will impact their treatment course. Also, the 
financial expenditure, clinician and nursing time, and con-
sumables present additional burdens on the health system.

Treatment-driven protocols provide a basis for blood 
test ordering in the pediatric cancer setting; however, there 
is no international consensus for the frequency of blood 
tests. Furthermore, the evidence guiding retesting inter-
vals across adult and pediatric specialties is also scarce.

This quality improvement (QI) project focused on 
challenging ingrained and historical behaviors regarding 
blood test ordering and collection frequency within the 
inpatient unit. The child’s individual needs guided the safe 
reduction of blood test frequency.

AIM
We aimed to reduce the number of blood tests taken per 
bed day within the inpatient pediatric cancer unit by 15% 
within 8 months.

METHOD
Context
The project took place in the inpatient cancer unit of an 
Australian quaternary level pediatric hospital. The can-
cer service covers over 40% of the state’s pediatric cancer 
diagnoses and includes inpatient and outpatient wards 
and outreach services across the state.

The cancer service consists of approximately 175 full-
time equivalent staff, including senior oncologists, fel-
lows, junior medical officers (JMOs), registered nurses 
(RNs), and allied health professionals. Approximately 
60 bedside RNs and 8 JMOs covered the 2 units during 
the intervention period. Patients and families are actively 
involved in the decision-making process throughout 
the treatment course. Funding for the blood tests in 
Australian public hospitals is government-funded. We 
undertook this project during an international pandemic.

Four blood tests, Full Blood Count (FBC), Electrolytes, 
Urea, Creatinine (EUC), Liver Function Tests (LFT), and 
Calcium Magnesium Phosphate, accounted for approxi-
mately 70% of all blood orders within the unit (Fig. 1). 
For this article, the term blood tests will refer to these 
blood order sets. JMOs are primarily responsible for 
blood test ordering, and RNs can also order tests. Blood 
tests are routinely taken via CVC between 02:00 and 
06:00 when senior medical cover is minimal. No com-
prehensive written patient management guidelines were 
available to support the decision-making process for test 
frequency. These contextual factors assisted in identifying 

Fig. 1. Pareto Chart: Blood test frequency preintervention.
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change ideas and implementation strategies to support 
the cultural transition brought on by this QI project.

Intervention
We developed a strategy to address blood tests, includ-
ing local multidisciplinary expert agreement and the best 
available evidence. Through systematic analysis, clinician 
involvement, and patient and family feedback, we iden-
tified that ward culture, staff knowledge, and blood test 
workflow were primary drivers for the current state of 
practice. The change strategy consisted of multiple ele-
ments that addressed different aspects of the process 
and staff specialties summarized in a Driver Diagram 
(Fig.  2). We held collaborative, multidisciplinary meet-
ings to review the best available evidence and discuss the 
expected clinical course for various patients; for example, 
the anticipated myelosuppression from chemotherapy 
and subsequent recovery and the complications and tra-
jectory of febrile neutropenia admissions.

From this, written guidelines represented in a recom-
mendations table (Fig. 3) identified the standard frequency 
of the blood tests related to common reasons for admis-
sion. We developed the guidelines through an iterative 
process with senior clinician involvement, encompassing 
opportunities for feedback to refine the table and gain 
a consensus opinion of the clinical appropriateness for 
each test. Importantly, this also engaged senior clinicians 
to embrace the change through a codesign approach.

Targeted education sessions were delivered separately 
to JMOs and RNs outlining the project, providing the 
rationale for blood tests, and educating how the interven-
tions will improve patient care. We challenged all clini-
cians to STOP and THINK about ordering tests and RNs 
not to order routine blood tests unless clinically appro-
priate with the slogan “No Form/No Blood.” A culture 

change campaign, including a logo, posters, badges, car-
toons, lanyards, and other material, was distributed to 
frontline staff to support the adoption and sustainabil-
ity of the project. Branding with the slogan “Every Drop 
Counts” aligned this project with other blood manage-
ment initiatives within the unit. This compounding of QI 
projects fed into the larger hemovigilance approach and 
aligned with a national healthcare priority.

Study of the Interventions
We analyzed 4 blood tests (including 39 discrete param-
eters). The blood tests and discrete parameters are listed 
in Table (Supplemental Digital Content 1, http://links.
lww.com/PQ9/A370). The change strategy’s impact was 
assessed by comparing blood test frequency during a 
preimplementation phase (June 2019–February 2020) 
and postimplementation phase (March–October 2020). 
Additionally, we gathered data during a follow-up phase 
(November 2020–October 2021) to evaluate sustainabil-
ity. We gathered preimplementation data retrospectively, 
and postimplementation data, including the follow-up 
period, prospectively at month’s end.

Patients who received a transplant or cellular therapy 
within the last 12 months were excluded due to their clin-
ical complexity.

We conducted baseline and follow-up staff surveys with 
an anonymous questionnaire (Material, Supplemental 
Digital Content 1, http://links.lww.com/PQ9/A371) to 
identify culture change and knowledge acquisition. This 
survey assessed staff knowledge, ward culture, and the 
changing environment.

Measures
The primary process measure was the total number of 
FBCs, EUCs, LFTs, and CMPs per bed day per month 

Fig. 2. Driver diagram.
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pre- and postimplementation. We used bed days to 
account for ward activity. We analyzed each of the 4 
blood tests separately to compare the baseline ordering 
frequency to postimplementation frequency. This differ-
ence represented the reduction in test frequency. Outcome 

measures included cost savings, blood volume saved, and 
equivalent blood transfusions.

Balance measures included any unintentional harm 
resulting from the absence of blood monitoring. We 
tracked balance measures through the hospital’s incident 

Fig. 3. Recommendation table for routine blood collections.
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management system and regular engagement with clini-
cians to mitigate the risk of harm.

Analysis
We used process control charts to track the outcome mea-
sure monthly. We calculated the baseline mean of blood 
tests per bed day per month, with upper and lower control 
limits (±3 standard deviations). Standard rules for identi-
fying special cause variation were applied using 8 con-
secutive points below the centerline. Additionally, Poisson 
regression analysis examined the difference in blood test 
ordering per period. A P value of ≤0.05 was considered 
significant. The hospital’s analysis unit provided monthly 
blood tests, bed days, and demographics.

We used patient demographic comparators to validate 
the uniformity of the patient population pre- and postin-
tervention. We used the consolidated framework for 
implementation research with rapid-cycle evaluation.11

We extracted additional activities, diagnoses, and 
demographics to determine if there was variation in ser-
vice delivery:

• Average length of stay per admission, number of dis-
tinct admissions, and number of new diagnoses admis-
sions for febrile neutropenia represented markers of 
activity.

• We calculated savings per 1,000 bed days for pathol-
ogy costs, consumable costs, and blood volume.

• We calculated pathology costs at rollout using 
Medicare Benefits Schedule Category 6, August 1, 
2019. Service fees were not included.

For benefits analysis, we calculated:

• consumables on a cost per item based on standard 
blood collection equipment;

• blood volume using a standard 5 mL discard and 3 mL 
per order set;

• the equivalent volume of blood transfusions saved 
based on 240 mL per transfusion.

This study follows the SQUIRE V.2.0 publication 
guidelines for reporting.12

Ethical Considerations
The project team gained ethical approval via the hospi-
tal’s quality governance structure (activity number 6,391 
approved November 1, 2019). Ethical approval included 
a review of patient electronic medical records and surveys 
of staff and consumers.

RESULTS
During the pre- and postimplementation phase, we 
included 26,941 blood tests during 1,558 admissions. 
Table  1 represents the absolute number of order sets. 
Table 2 compares patient demographics pre- and postin-
tervention. During the study period, no significant changes 
occurred in chemotherapy protocols or local guidelines.

Over the 8-month postimplementation phase, there 
was a reduction in all 4 blood tests, ranging from 23% to 
52% reduction (Table 1 and Fig. 4A, B). LFTs displayed 
the most significant reduction. All 4 blood tests demon-
strate 8 consecutive points below the centerline. CMPs 
and LFTs demonstrated a sustained reduction throughout 
the follow-up phase. Both EUCs and FBCs demonstrated 
a trend back to the centerline, with both touching the pre-
implementation mean at 1 point. However, all 4 blood 
tests demonstrate 8 consecutive points below the center-
line in the follow-up phase (Fig. 4B).

Over the period between March and October 2020, 
the calculated savings ranged from $13,000 to $17,000 
each month based on pathology fees alone. Additionally, 
$1,200–$1,500 per month in consumables was saved. This 
finding equates to a calculated savings of over $130,000 

Table 1. Blood Test Comparison Pre- and Postimplementation

 

Preimplementation Tests 
(June 2019 to Feb 2020)

Postimplementation tests 
(March to Oct 2020) Reduction

Mean/bedday P*Absolute tests Mean/bedday Absolute tests Mean/bedday

FBC 4,020 0.95 2,780 0.65 32% p < 0.0001
EUC 4,654 1.10 3,643 0.85 23% p < 0.0001
LFT 3,822 0.91 1,853 0.43 52% p < 0.0001
CMP 3,801 0.90 2,368 0.55 37% p < 0.0001

*Poisson regression based on mean blood tests/bedday.
CMP, calcium magnesium phosphate; EUC, electrolytes, urea, creatinine.; FBC, full blood count; LFT, Liver Function Tests.

Table 2. Activity Comparison Pre- and Postimplementation

 Preimplementation Postimplementation

Time period June 2019 to Feb 2020 March to Oct 2020
Total inpatient beddays 4,260 4,305
Average LOS per encounter 3.53 days 3.97 days
Number distinct encounters 757 675
New diagnosis (denovo + relapse) 121 133
Denovo disease 98 107
Relapse diagnosis 23 24
Fever immunosuppressed patient 74 86

LOS, length of stay.
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(AUD) over the 8 months. The total blood volume saved 
was calculated as 48 L over 8 months, equivalent to 200 
units of packed red blood cells.

Analysis of balancing measures identified 1 episode 
of misadventure. This event resulted from a lack of LFT 
monitoring during regular paracetamol administration 
of a patient with underlying hepatotoxicity. There were 
no serious sequelae, with LFTs returning to baseline 

following paracetamol cessation. Although the incident 
did not directly align with the project recommendations, 
it is unlikely to have occurred based on previous practice.

Key clinicians involved in ordering blood tests received 
a questionnaire. At baseline, 76% felt blood tests were 
taken too frequently. Over 80% of RNs and JMOs self-re-
ported they had changed practice due to the interventions 
at follow-up. The 3 main contributors to practice change 

Fig. 4. A, Control chart: LFT and CMP per bed day. B, Control Chart: FBC and EUC per bed day. CMP, calcium magnesium phos-
phate; EUC, electrolytes, urea, creatinine.; FBC, full blood count; LFT, Liver Function Tests.
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were self-reported: support and empowerment not to 
order blood tests, written recommendation guidelines, 
and the nursing directed imperative “No form/No blood.”

DISCUSSION
Empowerment and education of medical and nursing 
teams created a behavior change that has resulted in an 
overall reduction in blood test ordering of 37% in pedi-
atric cancer patients. This reduction has been sustained 
over the follow-up period and out-performed our aim of a 
15% reduction. Moreover, each blood test demonstrated 

a statistically significant decrease in test ordering fre-
quency, ranging from 23% to 52% reduction. This result 
had significant clinical and financial benefits without 
causing increased harm.

Clinician empowerment was self-reported by RNs and 
JMOs as the most significant influence in changing prac-
tice. We also identified written guidelines and the impera-
tive “No form/No blood” as having a significant impact.

FBCs and EUCs demonstrated a trend toward the 
centerline following the initial reduction in blood test 
ordering. This finding may be due to an initial “over 
compliance” with not ordering tests. Although fewer 

Fig. 4. Continued.
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tests are needed, blood test results still provide vital 
information for clinicians, and achieving the right bal-
ance is necessary. Therefore, FBCs and EUCs are likely 
to be required more frequently than CMPs and LFTs for 
the clinical management of pediatric oncology patients. 
Additionally, the points at which EUCs and FBCs touch 
the centerline may be explained by the cancer unit under-
going a significant staffing change in January 2021. New 
senior oncologists joined the team, and JMOs changed in 
January 2021. This change required training to reframe 
the new staff with the current ordering culture within 
the unit.

This project is unique in pediatric cancer, yet initia-
tives attempting to reduce the burden of blood testing on 
health services are not novel. Change ideas to limit blood 
requests have focused on improving knowledge, changing 
systems, and financial implications.2–4,6,13 Wertheim et al 
demonstrated a reduction in blood ordering in an adult 
general medical service.2 Similar to our project, change 
ideas included education and the development of writ-
ten guidelines. However, the change strategy by Wertheim 
et al also included alterations in electronic ordering 
and written progress notes. A report undertaken by the 
NCOPP reviewed strategies to prevent the overuse of 
blood tests. The report concluded that numerous inter-
ventions demonstrate short-term results; however, strate-
gies that resulted in sustainable success were challenging 
to quantify.6 They identified interventions that made sim-
ple changes focused around behavior science, with active 
support from senior clinicians and engagement with 
junior clinicians, were most likely to result in long-term 
success.

Routine blood testing has been a long-entrenched prac-
tice within our unit. As a result, behavior change within 
the clinical setting can be challenging, with contextual 
factors and clinician engagement identified as potential 
barriers. These barriers are not uncommon with QI and 
addressing these is vital for integrating change success-
fully.14 Rapport et al discuss enabling factors that support 
the implementation process, drawing on five foundational 
concepts: diffusion, dissemination, implementation, adop-
tion, and sustainability.15

We feel several elements contributed to the success of 
this project. Intuitively, the initial focus was on diffusion 
and dissemination. An important enabler for our projects’ 
success was the unit’s understanding that change needed 
to occur. Initial discussions with senior clinicians identi-
fied they felt less frequent testing was appropriate; how-
ever, they were unsure how to implement this safely. The 
baseline surveys reflected this opinion, with over 3-quar-
ters of respondents indicating that blood tests were taken 
too frequently. The multifaceted strategy, focusing on 
education, support, and guidance, allowed clinicians to 
rationalize the need to order a test. By providing recom-
mendations rather than a directive for order frequency, 
we engaged clinicians in a decision-making process that 
empowered them to question the rationale and learn in 

the process. Additionally, the awareness campaign created 
a discussion that aligned senior and junior medical and 
nursing perspectives.

Comparing baseline and follow-up perspectives on test 
frequency shows a significant shift in clinician thinking. 
This shift away from daily testing demonstrates clinicians 
were questioning why a specific blood test is appropri-
ate for a particular patient on a specific day. This result 
has been shown clinically in the differences between test 
frequencies following implementation. In addition, com-
paring the number of individual blood tests per bed day 
showed varying results (Fig.  4). This variability implies 
clinicians are considering which test is appropriate for the 
patient. In essence, this thought process is the core of val-
ue-based blood testing.6

Reducing blood tests taken from pediatric cancer 
patients has significant clinical benefits. Blood withdrawal 
through a CVC has an inherent risk of infection16 con-
founded by a vulnerable, immunocompromised patient 
population. Additionally, blood volume is taken from the 
patient with each blood withdrawal. Therefore, the pedi-
atric patient population is at higher risk of clinician-in-
duced anemia with a smaller blood volume than adults. 
Furthermore pediatric cancer treatments rely heavily on 
aggressive, intensively timed myelosuppressive treatment 
regimens.17 Over the 8 months, the calculated blood vol-
ume saved was 48 L and would be expected to lessen the 
extent of clinician-induced anemia and the requirement 
for blood transfusions.

Considering the national interest in the quality use 
of blood tests and the ever-growing cost of health care, 
strategies to promote safe, patient-centered approaches to 
reduce blood tests in a financially beneficial way are vital. 
This project has the potential for direct scalability with 
other pediatric cancer services. Individual units will need 
to consider the contextual factors that may support or 
create barriers to integrating these recommendations into 
their service. There is transferability with other adult and 
pediatric subspecialties. Individual blood tests need to be 
relevant, considering the most significant impact on the 
clinical area.

Of note, we demonstrated significant results during the 
project despite the international pandemic (COVID-19).

LIMITATIONS
This project has several limitations. First, as a single-cen-
ter QI project, results may require further evaluation to 
determine generalizability. Second, we have demonstrated 
a significant reduction sustained for a short period (20 
months); however, long-term sustainability is vital for 
the project’s success. Finally, the investigators intend to 
continue to monitor blood test frequency with ongoing 
engagement with senior clinicians.

The project did not directly measure a reduction in 
CVC infection rates or clinician-induced hypovolemia; 
this is a potential future direction.
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CONCLUSION
Here, we report a demonstrable and sustained reduction in 
blood test ordering. We have found that a multifaceted strat-
egy incorporating education and a culture change approach 
can significantly reduce the ordering frequency of blood tests 
for hospitalized pediatric oncology patients. We have inte-
grated a patient-centered decision-making framework for 
clinically appropriate blood testing by challenging ingrained 
behaviors across the medical and nursing cancer service.

We demonstrated meaningful clinical benefits for the 
patient and substantial financial savings. To our knowl-
edge, this is the first initiative to develop clinician-led 
guidelines providing recommendations on blood test fre-
quency for pediatric oncology patients. Our findings ben-
efit pediatric oncology and can be transferable to wider 
pediatric and adult subspecialties.
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