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ABSTRACT

Introduction: Laboratory testing is a fundamental diagnostic and prognostic tool to ensure the quality of
healthcare, treatment, and responses. This study aimed to evaluate the cost of laboratory tests performed for
patients undergoing chemotherapy treatment in the oncology treatment center at Johns Hopkins Aramco
Healthcare in Saudi Arabia. Additionally, we aimed to reduce the cost of unnecessary laboratory tests in a 1-year
period. Methods: This was a quality improvement study with a quasi-experimental design using DMAIC
methodology. The intervention strategy involved educating staff about adhering to the British Columbia Cancer
Agency (BCCA) guidelines when ordering laboratory tests for chemotherapy patients, then integrating those
guidelines into the electronic health record system. Data were collected for 200 randomly selected cases with 10
different chemotherapy protocols before and after the intervention. A paired t test was used to analyze differences
in mean cost for all laboratory tests and unnecessary testing before and after the intervention. Results: A
significant cost reduction was achieved for unnecessary laboratory tests (77%, p , 0.01) when following the BCCA
guidelines. In addition, the mean cost of all laboratory tests (including necessary and unnecessary) was
significantly reduced by 45.5% (p ¼ 0.023). Conclusion: Lean thinking in clinical practice, realized by integrating
a standardized laboratory test guided by BCCA guidelines into the electronic health record, significantly reduced
financial costs within 1 year, thereby enhancing efficient resource utilization in the organization. This quality
improvement project may serve to increase awareness of further efforts to improve resource utilization for other
oncology treatment protocols.
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INTRODUCTION

Laboratory testing is fundamental to ensuring quality
healthcare. It serves as a tool for diagnosis and prognosis
and as a guide for treatment decision and response. Labo-
ratory medicine is a high-demand activity in clinical care,
which requires continuous monitoring of resource utiliza-
tion by scrutinizing appropriate needs.[1] Numerous stud-
ies have estimated 20–30% overutilization of organization
resources and a substantial increase of unnecessary spend-
ing on healthcare institute resources due to unnecessary
testing and procedures that did not contribute to im-
proved patient care.[2,3] Understanding the value of labo-
ratory medicine is vital for the optimal use of patient

testing. Commonly, pathologists are champions of lab
test utilization assessment, as they observe testing behav-
iors and trending patterns and can manage testing algo-
rithms by suggesting alternatives.[4,5] Test selection is a
complicated process that is sensitive to the patient and
physician and is influenced by laboratory-related factors
and hospital strategies.[6]

Clinical decision support systems (CDSs) have become
widely recognized as important tools to ensure patient
safety during healthcare decision-making. These systems
are widely applied in laboratory medicine to order diag-
nostic and treatment monitoring tests as an integral part
of the patient’s electronic health record (EHR), which
supports holistic patient-centered care.[7,8] Additionally,
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applying evidence-based medicine in the era of EHR is
highly promising, provided that it is a user-friendly sys-
tem.[9,10] Research demonstrates a positive economic im-
pact of EHR systems that incorporate CDSs on improving
healthcare efficiency.[11]

Our organization follows the British Columbia Cancer
Agency (BCCA) guidelines for treating oncology patients
who are scheduled for chemotherapy. These guidelines
cover the cancer care spectrum from prevention to diag-
nosis and from treatment to palliative care in accordance
with established cancermanagement guidelines and pro-
tocols for proper care.[12] This study is a quality improve-
ment initiative intended to improve the efficiency of
resource utilization management in the oncology treat-
ment center (OTC) at our hospital.We hypothesized that
following the BCCAguidelineswhenordering laboratory
tests for oncology patients undergoing chemotherapy
would reduce laboratory test volume and unnecessary fi-
nancial strains on the healthcare system. Patient factors
such as treatment outcomes and patient satisfaction
were accounted for, as well as provider factors, including
alignmentwith organization goals seeking patient safety,
continuity, and sustainability.
The primary objective of this study was to reduce the

cost of unnecessary laboratory tests performed for pa-
tients undergoing chemotherapy by 50% by integrat-
ing the BCCA guidelines into our EHR (Epic Systems).
We assessed the impact of the intervention over a 1-year
period.

METHODS

This was a single-center quality improvement project.
Ethical approval was granted by the institutional review
board of Johns Hopkins Aramco Healthcare in Dhahran,
Saudia Arabia, and informed consent was waived. Johns
Hopkins Aramco Healthcare is a 300-bed tertiary hospi-
tal located in the Eastern Province of Saudi Arabia. It of-
fers medical care for patients, including employees and
their families, with full financial coverage. The oncolo-
gy institute provides care for hundreds of oncology pa-
tients per year in the ambulatory clinic.
The study design followed DMAIC methodology to

accomplish the goals,[13] (DMAIC comprises the follow-
ing steps: Defining the problem, Measuring the base-
line, Analyzing the current situation, Implementing
the intervention, and Checking/controlling the improve-
ment).

Defining the Problem
Until 2019, laboratory tests were ordered by oncologists

or hematologists via the EHR system before the initiation
of any chemotherapy cycle treatment (within 7 days). It
was noticed that the same panel of lab tests was ordered
for all cancers almost equally, rather than disease-specific
tests per the BCCA guidelines, which is the reference for
treatment protocols in the oncology institute. This leads

to unnecessary laboratory tests ordered for different che-
motherapy protocols that would not contribute to deci-
sion-making or improve patient outcomes.
The oncology institute can improve this practice

through standardization of clinician utilization of the
current BCCA guidelines for different chemotherapy
protocols. These guidelines are only for patients who are
going to receive treatment. This intervention is expected
to improve resource utilization by reducing the cost of
laboratory tests for oncology patients, including unnec-
essary laboratory tests, with a zero-cost action plan.

Measuring andAnalyzing the Current
Situation
Baseline data were collected retrospectively (January–

December 2019) for 200 randomly selected oncology pa-
tients with chemotherapy treatment plans, including 10
treatment protocols. The oncology chairperson and
nurse clinician, in collaboration with a quality improve-
ment facilitator, planned to educate the staff about ad-
hering to the BCCA guidelines when ordering the
laboratory tests. The cost of laboratory tests ordered as
per current practice (preintervention) versus when fol-
lowing the BCCAguidelines (postintervention)was com-
pared. The laboratory tests included a complete blood
count, renal panel, hepatic panel, and electrolyte panel.
The 10 chemotherapy protocols included: (1) adriamy-
cin, bleomycin, vinblastine, dacarbazine (ABVD); (2)
adriamycin/cyclophosphamide (AC) taxol; (3) bortezo-
mib; (4) avastin (bevacizumab), xeloda (capecitabine);
(5) carfilzomib; (6) gemcitabine/cisplatin; (7) rituximab,
cyclophosphamide, hydroxydaunorubicin hydrochlo-
ride, oncovin, prednisone (R-CHOP); (8) taxotere, carbo-
platin, and herceptin (TCH); (9) docetaxel; and (10)
pertuzumab, trastuzumab, docetaxel (PTD). The costs for
all tests were obtained from the financial department for
the purpose of this study.

Implementation of Intervention
The initial phase of the intervention started in

September–December 2019, which included an end-user
approach and a system approach, as outlined below.
The end-user approach included educational sessions

for oncologists, nurses, and clinicians to standardize ad-
herence to the BCCA guidelines when ordering the re-
quired lab tests for each treatment protocol and explain
the following benefits of evidence-based guidelines.

1. Reducing unneeded lab tests
2. Reducing wait time and invasive procedures (during

blood collection)
3. Increasing patient satisfaction
4. Decreasing workload on lab staff and materials
5. Helping stat orders to be processed faster
6. Implementing an action plan with zero cost
7. Improving resource utilization management
8. Improving cost-effective use of resources
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The system approach included integrating the BCCA
guidelines into the EHR. All oncologists, oncology nurses,
and clinicians reached initial consensus on the source of
guidelines to be followed. The BCCA guidelines were then
made live in Epic to alert users of the laboratory tests
needed for each specific treatment protocol during order
entry. This was not a strict template; it was implemented
in Epic in a way to enable the ordering clinician to indi-
vidualize the chemotherapy-related laboraotry tests based
on the patient’s condition. The final step was to monitor
the changes closely throughout the study and onward to
ensure that the integrated BCCA guidelines were followed
as planned.

Checking/Controlling the Improvement
Postintervention data were collected from January–

December 2020, including 200 randomly selected pa-
tients with cancer with matching chemotherapy proto-
cols. Of the entire served oncology population, 20–30%
were selected (it was not feasible to study the whole
population) to achieve a balanced comparison of the
same number of patients pre and postintervention.

Data Analysis
This study employed a quasi-experimental design

(pre- and post-test). A paired sample t test was used to
analyze the data and compare the mean cost of ordered
lab tests without adhering to the BCCA guidelines (ie,
preintervention data) versus the mean cost when the
guidelines are followed (ie, postintervention data).

Two key performance indicators (KPIs) were used as
the outcome measures. The first measure was the mean
cost of all lab tests performed pre- and postintervention.
The second measure was the mean cost of unnecessary
lab tests performed before and after adherence to BCCA
guidelines.
JASP software (version 0.14.1; Amsterdam) was used

for statistical analysis.

RESULTS

Cost of All Laboratory Tests
The oncology treatment center spent approximately

US $739,440 on a total of 6970 laboratory tests per-
formed during the preintervention period (without us-
ing BCCA guidelines). The total cost was reduced to
$403,333 for 4010 total tests performed for the same
number of cases during the postintervention period (fol-
lowing BCCA guidelines). Financial savings was approxi-
mately $336,107 for 200 cases (Fig. 1). This reflects a
45.5% reduction in the total cost of all laboratory tests
performed (including unnecessary tests) (p ¼ 0.023)
(Table 1). The difference in total mean cost for laboratory
tests performed for the 200 cases after the intervention
was $84,026.75 (95%CI, $16,265.86–$151,787.64).

Cost of Unnecessary Laboratory Tests
Although the BCCA guidelines were integrated into

the EHR system and required educational sessions were
executed for oncology staff involved in lab test ordering,
extra laboratory tests were still ordered at the clinician’s
discretion for some cases. Approximately $434,867 was
spent on unnecessary laboratory tests for cases per-
formed during the preintervention period. This result
was calculated by subtracting the cost of necessary labo-
ratory tests (per BCCA guidelines) from the cost of all
tests performed. In comparison, $98,400 was spent on a
similar number of unnecessary laboratory tests for com-
parable cases during the postintervention period. This
represents a 77.4% difference, saving approximately
$336,467 (p, 0.01) (Fig. 2).

DISCUSSION

Oncology is an important body of content knowledge
with increasing complexity regarding cancer typing,
staging, prediction, biomarkers, and therapy decisions.
The clinical care of patients undergoing chemotherapy
treatment requires baseline blood tests prior to each

Figure 1. Mean cost of the all laboratory tests performed
preintervention (without adhering to BCCA guidelines) versus
postintervention (adhering to BCCA guidelines) for 200 cases with 10
chemotherapy protocols. BCCA: British Columbia Cancer Agency.

Table 1. Statistical analysis of mean difference in cost of laboratory testsa

Study Phase Mean Cost SD SE Mean t df SE Difference p

Pre-intervention $184,860.00 $48,176.28 $24,088.14 ref ref ref ref
Post-intervention $100,833.25 $27,322.60 $13,661.30 3.0343 6 $27,692.412 0.023

aIncludes four groups of lab tests: CBC, renal function, hepatic function, and electrolytes panel.
df: degrees of freedom.

Quality Improvement Project 113



treatment cycle for proper dosing, as the laboratory re-
sults change with disease progression.[14] Having appro-
priate guidelines embedded within the EHR system,
including required laboratory tests for each step, are es-
sential for proper decision making. The benefits of this
approach can improve patient safety, quality of care,
healthcare system efficiency, and management capabil-
ity.[15,16] Physician-ordering practices for laboratory
tests are considered to be themain reason for laboratory
overload, requiring careful management of resource
utilization.[17,18]

The Academy of Medical Royal Colleges in the United
Kingdom established a guide to conserve healthcare re-
sources and promote the value of healthcare.[19] This
guide assists physicians and clinicians in effectively uti-
lizing healthcare resources, resulting in improved quali-
ty and quantity of patient care.[19] A similar approach
was implemented in our organization, where the oncol-
ogists order a list of laboratory tests to ensure the eligi-
bility and readiness of the patient to receive their
chemotherapy dose.
Medical laboratories experience high-volume activity

and consume the largest portion of healthcare costs.[20]

More than $6 billion (which is expected to grow), is spent
on no-value-added tests or procedures annually.[21] Re-
source utilization measures must be implemented to pre-
vent the catastrophic collapse of healthcare systems.[22]

Clinicians face challenges in selecting proper, efficient,
and safe laboratory tests to diagnose or monitor a disease,
which can result in adverse clinical and financial conse-
quences.[23] A study conducted in Saudi Arabia revealed
that physicians were responsible for 10% of overutiliza-
tion of laboratory tests; the authors recommended a
health informatics system-based approach.[24] Laboratory
tests must be ordered appropriately, guided by evidence-
based practices that are built within the EHR; however,

the feasibility of integrating clinical bundled guidelines,
the quality of evidence onwhich they are based, clinician
perceptions or preferences, and the potential for waste re-
duction are challenges that need further assessment.[25]

The current study achieved a significant cost reduc-
tion of 45.5% (p ¼ 0.023) for all laboratory tests ordered
according to the BCCA guidelines that were integrated
within the EHR system. Patient factors including treat-
ment outcomes as well as inconvenience, discomfort,
or anxiety, were not jeopardized during this study. In
addition, random interviews with patients during the
study, which were not part of the planned methodolo-
gy, indicated that patients were satisfied with the inter-
vention because a smaller volume of blood was
collected. This is comparable with the controlled clini-
cal trial conducted at Johns Hopkins International of
Medicine-Baltimore, which reported an 8.6% decrease
in the number of laboratory tests per patient in the test
group versus a 5.6% increase in the control group.[26]

Although research studies lack a comparative analysis
of cost versus outcome metrics, the assimilation of EHR
systems that incorporate CDSs is highly promising for
cost reduction and healthcare resource utilization con-
trol.[27] The usability testing study by Press et al[28]

showed that a CDS tool implemented in the emergency
room resulted in efficient execution of patient care.
Gong et al[29] used a similar tool along with behavioral
intervention strategies to successfully reduce inappro-
priate antibiotic prescriptions and consequently the
costs, in addition to enhancing potential clinical bene-
fits for patients.
Low-value care in healthcare systems typically con-

sists of unnecessary services with little or no benefit, as
well as a potential for harm and over-utilization of lim-
ited resources. There are recommended evidence-based
guidelines to avoid routine low-value healthcare.[30] In
the current study, reducing the unnecessary (low-value)
laboratory tests decreased the use of phlebotomy tools
and the required blood volume, thus decreasing incon-
venience, discomfort, and anxiety for patients.[31] Fur-
thermore, all oncology physicians (n ¼ 7) in our center
they were admitted that the intervention alerted their
behavior toward ordering only the required laboratory
tests, whereas only 81% of physicians admitted the
same in a study by Horn et al.[32] Occasionally, some un-
necessary cost-adding laboratory tests were still ordered.
However, the analysis showed that the cost of unneces-
sary tests was significantly reduced by 77.4% (p , 0.01),
which successfully achieved the main goal of reducing
these lab tests by at least 50%.
Successful intervention strategies with simple perfor-

mance measures led to a statistically significant reduc-
tion in the cost of unnecessary laboratory tests, thereby
substantially improving efficiency in healthcare resource
utilization in our oncology treatment center. Quality im-
provement can offer an enormous financial return and
increased awareness of further efforts to expand such

Figure 2. Mean cost of unnecessary laboratory tests performed
preintervention (without adhering to BCCA guidelines) versus
postintervention (adhering to BCCA guidelines) for 200 cases with 10
chemotherapy protocols.

114 Al-Sayed Ahmed H: Reducing Costs of Laboratory Testing



practices. Certainly, a positive impact may be achieved by
implementing a similar intervention in other oncology
treatment protocols, including immunotherapy, biological,
hormonal, palliative, and radiotherapy.
There were some limitations to this study. It was not

feasible to analyze the financial cost for all patients
with a chemotherapy treatment protocol in our organi-
zation. A sample of 200 cases, representing 20–30% of
this population, was included per the literature recom-
mendations.[33,34] Unfortunately, we could not find an-
other facility in Saudi Arabia or the Gulf Cooperation
Council that did a similar project to compare our data
with. This quality improvement project only included
laboratory tests related to the chemotherapy treatments
that are available in our organization. Future projects
will expand this intervention to other oncology treat-
ment protocols (ie, immunotherapy, radiotherapy bio-
logical, hormonal, and palliative therapy).

CONCLUSIONS

This quality improvement initiative in our hospital’s
oncology treatment center was built on the success of
other healthcare organizations. This study showed that
nonadherence to evidence-based BCCA guidelines leads
to excessive, unnecessary utilization of laboratory tests
and healthcare resources. Implementing standardized
utilization of laboratory tests per BCCA guidelines into
the EHR system significantly reduced financial strains
on the organization.
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