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Abstract Background Red blood cell (RBC) transfusion is a common medical procedure. While
it offers clinical benefits formany, hemodynamically stable patients are often subjected
to unwarranted transfusions, with the potential to lead to adverse consequences. We
created a real-time clinical decision support (CDS) tool in the electronic health record
system to address this problem and optimize transfusion practice as part of an
institutional multidisciplinary, team-based patient blood management program.
Methods The real-time CDS tool incorporated the transfusion guidelines published by
the AABB. The tool was deployed as a dynamic order set within the computerized
provider order entry interface. Prior to implementation, extensive education and
outreach to increase provider engagement were provided. The CDS tool was launched
in September 2015.
Results The percentage of guideline-indicated RBC transfusions increased from a
baseline of 43.6 to 54.2% while the percentage ofmultiunit (� 2 units) RBC transfusions
decreased from 31.3 to 22.7% between September 2014 and July 2019. The estimated
minimum cost saving over the entire study period was $36,519.36.
Conclusion Our intervention increased guideline-indicated transfusions by 10.6% and
reduced multiunit transfusions by 8.6%. The adoption of a dynamic order set for the
CDS tool, as opposed to an interruptive alert that displays static alert messages,
allowed for more customized and tighter control of RBC orders, leading to a sustained
improvement in our transfusion practice.
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Background and Significance

Blood transfusion is the most common procedure per-
formed during hospitalizations in the United States.1 Since
1997, the rate of hospitalization with blood transfusion has
more than doubled.1 It is estimated that as much as 60% of
allogeneic transfusions for hemodynamically stable inpa-
tients were inappropriate and unlikely to improve patient
outcomes.2 Judicious use of blood products protects the
well-being of our patients by preventing unwarranted
transfusion reactions and transmissible infections.
Accumulating data has identified transfusion to be an
independent risk factor for adverse patient outcomes.
Multiple studies have demonstrated a strong dose-depen-
dent association between red blood cell (RBC) transfusion
and adverse events such as increased in-hospital mortality,
intensive care unit admissions, duration of hospital stays,
and hospital-acquired complications.3–6

In addition to the concern for patient safety and adverse
outcomes, the issue of resource overutilization, amplified by
high administrative costs associated with RBC transfusion,
contributes to the financial stress of health care systems.
The activity-based cost model, devised by the Cost of Blood
Consensus Conference, calculated that a single unit RBC trans-
fusion costs between $522 and $1,183 (mean: $761� $294)
when clerical tasks and additional resource consumption are
accounted, exceeding acquisition costs by 3.8- to 4.8-fold.7 As
the U.S. health spending is projected to growat an average rate
of 5.5% per year for the next decade and to reach almost $6.0
trillion by 2027, organizations have an urgent need to develop
novel strategies for containing the costs incurred from acqui-
sition, maintenance, and administration of blood products.8,9

Optimization of blood utilization is best accomplished
through patient bloodmanagement (PBM). PBM is a multidis-
ciplinary patient-oriented, evidence-based approach that
drives appropriate blood utilization to improve patient out-
comesandachievecost savings in clinical settings.10 Integral to
thesuccessfulexecutionofaPBMprogramisensuringeffective
coordination among hospital leadership, clinical champions,
ordering providers, and transfusionists. Clinical champions
serve as the control center for these programs by communi-
cating the improved patient outcomes and cost benefits
expected from the PBM program to hospital administrators.
In addition to gaining support from hospital and clinical
leadership, clinical championsprovideeducationandfeedback
on individual and department-level transfusion practice to
gainbuy-in for theprogram.Accordingly, implementing aPBM
program is a complex process that requires substantial human
and financial resources. This task, however, can be simplified
by utilizing an information technology (IT)-driven approach.

We created and implemented a clinical decision support
(CDS) tool in the institutional electronic health record (EHR)
to enhance RBC utilization as one component of a PBM
program (Epic System, Verona, Wisconsin, United States).
We have hypothesized that the use of a CDS tool to promote
restrictive transfusion guidelines would lead to an overall
and sustained decrease in the number of RBC transfusions
and subsequent cost savings.

Objectives

The aim of this studywas to (1) standardize inpatient transfu-
sion practice across thehealth system; (2) avoid transfusion at
hemoglobin concentration� 8.0 g/dL in hemodynamically
stable patients; and (3) reduce routine multiunit RBC orders
without intervening hemoglobin assessment.

Methods

Setting
The University of California, Los Angeles (UCLA) Health is a
tertiary care health system comprised of two academic teach-
ing hospitals where approximately 28,000 units of RBCs are
transfused annually in the inpatient and outpatient settings.
Two transfusion services support two tertiary care academic
medical centers: Ronald Reagan UCLA Medical Center, a 520-
bed level 1 trauma center, and SantaMonica UCLAOrthopedic
Medical Center, a 281-bed full-servicehospital. In 2019, 58%of
the RBCs units ordered are inpatient transfusions, not includ-
ing the operating rooms or emergency department. RBC
transfusion orders are placed via order sets and order panels
in the computerized provider order entry (CPOE) system; the
EHR system does not permit ad hoc orders. The ordering
interface prevents duplicate orders by performing a retrospec-
tive review of pending and processing orders, but no mecha-
nism exists to determine whether an RBC transfusion order is
clinically indicated. The decision to transfuse a patient ismade
based on a patient’s hemoglobin level, the patient’s clinical
condition, and providers’ usual ordering habits. RBC orders are
placed through the EHRorder panels and order sets, which are
predefined groups of orders and pretransfusion medications
that are often ordered together.

Design
Amultidisciplinary team, comprised of subjectmatter experts
from hospital medicine, critical care, surgery, IT, physician
informaticists, nursing, and transfusionmedicine, was formed
in June 2014. RBC administration records fromMarch 2013 to
June 2014wereextracted fromthe institutional EHR systemto
validate data, determine the feasibility of implementing a CDS
tool, and demonstrate the potential benefits that could be
derived from this RBC utilization initiative for its patients
and health system. The team conducted a literature review
of IT-driven blood management strategies practiced in a
tertiary care academic medical center of comparable scale
with a similar EHR configuration. We reviewed the designs of
interventions that were implemented at Stanford Hospitals
and Clinics and University of California San Diego (UCSD)
Health by Goodnough et al and Jenkins et al, respectively.11,12

We adapted their interventions due to the anticipated com-
patibility with our EHR system.

Our CDS tool was designed to issue active alerts for RBC
units ordered outside of recommendedguidelines in the CPOE
system. The window included a display of the patient’s most
recent hemoglobin concentration with informational guide-
line text that changed based on the patient’s hemoglobin
concentrationaswell as relevantorderablessuchas15-minute
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posttransfusion hemoglobin concentration (►Figs. 1–3). The
dynamicdisplayof guideline text ensured that the educational
impact of the CDS tool was maximized to achieve a long-term
improvement in guideline-indicated transfusion and reduc-
tion of unwarrantedmultiunit transfusions without interven-
ing hemoglobin assessment. The build specifications are
shown in ►Table 1. The CDS tool examined the most recent
hemoglobin concentration in the patient chart and the pres-
ence of cardiovascular disease as documented in the patient
medical record as an International Classification of Diseases
(ICD) diagnosis. The ordering provider was prompted to
determine if the RBC transfusion was indicated based on the
presented restrictive guidelines and, if appropriate, proceed
with placing the order. Prior to the implementation, education
to increase provider engagement was provided through eLe-
arningmodules and presentations at meetings, supplemented

by on-demand assistance from roaming trainers and clinical
superusers.

Data Collection
The CDS tool targeted elective inpatient RBC transfusions
given to adults aged 18 and above. We excluded RBC trans-
fusions originating in operating rooms and the emergency
department, including those dispensed formassive bleeding.
Our study included inpatient RBC transfusions only since
outpatient transfusions are largely protocol-based and do
not usually require input from providers. The study period
spanned from September 1, 2014 to July 31, 2019. We
designated September 1, 2014 to August 30, 2015 as the
preintervention baseline period. Extensive user testingof the
CDS tool was conducted in the EHR test environment during
this time.

Fig. 2 Hemoglobin between 8.0 and 10.0 g/dL (© 2020 Epic Systems Corporation. Used with permission).

Fig. 1 Hemoglobin between 7.0 and 7.9 g/dL (© 2020 Epic Systems Corporation. Used with permission).
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Measures
The overall effectiveness of the program was evaluated by
two postintervention metrics: (1) percentage of orders
that adhere to appropriate evidence-based guidelines
(►Table 2)13,14 and (2) percentage of multiunit (� 2 units)
RBC orders. We also constructed a statistical process con-
trol (SPC) chart to monitor process variables over time. An
SPC chart enables visual detection of variation that is not
explained by chance but caused by factors that are extrinsic
to the core process.15 The upper and lower control limits
were set� 3 standard deviations from the mean—less than
0.2% probability that any individual data point would fall
outside the limits due to random chance alone. Chi-square
test was used to compare the aggregate order data between
the preintervention and postintervention periods. We cre-

ated the control charts and conducted the statistical anal-
ysis with JMP Pro 15 (SAS Institute Inc., Cary, North
Carolina, United States).

Cost Analysis
To quantify the financial impact of our intervention, we
conducted a cost analysis based on the number of RBC orders.
We assumed that the reduction of a single multiunit trans-
fusion order led to at least one fewer unit transfused. We
compared the preintervention rate of multiunit transfusions
to the postintervention rate.We designated September 2014
to August 2015 and September 2015 to July 2019 as the pre-
and postintervention periods, respectively.We assumed that
the difference in the number of RBC orders corresponded to
the number of transfusions that would have been avoided
due to the intervention. This quantity was multiplied by the
cost of a unit of RBC calculated by Shander et al’s activity-
based costing model.7 The number of RBC units transfused
during this period was not used for calculation due to the
concern that RBC utilization may be influenced by multiple
factors including but not limited to changes in hospital
demographics, hospital census, and transplant volume.
This model factored in the indirect cost of RBC transfusion
including resource consumption such as materials, labor,
capital, and third-party services, to provide a comprehensive
cost estimate. Mean cost of a single RBC unit transfusionwas
estimated to be $760.82 (range: $522.45–$1183.32).

Results

Within the preintervention period (September 2014–August
2015), 7,126 discrete RBC orders placed by UCLA’s providers
resulted in 18,622 RBC units transfused. Of these orders, 43.6%
were deemed inappropriate by the restrictive transfusion
criteria (►Table 2). Thirty percent of the RBC orders were
directed to patients with a hemoglobin concentration greater
than 8.0 g/dL.

The RBC utilization CDS tool was launched in September
2015. UCLA observed significant improvements in both

Table 2 Criteria for appropriate red blood cell transfusion

First unit
• No coronary artery disease and most recent hemoglobin

concentration is< 7.0 g/dL
• Coronary disease and most recent hemoglobin

concentration is< 8.0 g/dL
Second and subsequent units
• No coronary artery disease and most recent hemoglobin

concentration is< 6.0 g/dL
• Coronary disease and most recent hemoglobin is

concentration< 7.0 g/dL

Fig. 3 Hemoglobin greater than 10.0 g/dL (© 2020 Epic Systems Corporation. Used with permission).

Table 1 Build specifications

• Display patient’s most recent hemoglobin result
• Add defaulted hemoglobin laboratory order if no result

found within past 48 hours
• Display transfusion guidelines based on most recent

hemoglobin concentration result
• Default RBC order to 1 unit if current hemoglobin

concentration is 7.0–10.0 g/dL
•Measure hemoglobin concentration 15 minutes after first
RBC unit has been transfused

Abbreviation: RBC, red blood cell.
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metrics —mean percentages of orders that adhere to appro-
priate indications and multiunit RBC orders. Guideline-indi-
cated transfusions increased from 43.6% during the
preintervention period to 54.2% during the postintervention
period (p< 0.00001). The percentage of multiunit RBC trans-
fusions decreased from 31.3% during the preintervention
period to 22.7% in the postintervention period (p< 0.00001).
Control charts showing these changes are presented
in ►Figs. 4 and 5. The two metrics demonstrated sustained
improvement between implementation and the conclusion
of the data collection period. The control chart for guideline-
indicated transfusions shows two isolated data points ex-
ceeding the lower control limits in the postintervention
period. The control chart for multiunit transfusion shows
two large clusters that exceed the upper control limit and
lower control limits from September 2015 to July 2016 and
December 2017 to January 2019, respectively.

For cost analysis, we assumed that reduction by one
order resulted in at least one RBC unit saved. The monthly
volume of multiunit transfusion orders decreased from 190
to 136 with a net reduction of 54 units between September
2015 and July 2019. Using Shander et al’s mean cost of a
single RBC unit transfusion of $760.82, we estimated the
cost savings over the entire study period to be at least
$36,519.36.

Discussion

Our study highlights the benefits of a real-time CDS tool in
optimizing transfusion practice. Our CDS tool successfully
reduced the percentage of multiunit orders (� 2 units) and
increased the percentage of guideline-indicated RBC orders.
The development of an embedded CDS tool facilitated the
adoption of restrictive transfusion guidelines, which we felt
to be the most critical component of the PBM program. We
defined the CDS tool to encompass the following three
functions: (1) educate clinicians about evidence-based RBC
transfusion practice utilizing restrictive transfusion guide-
lines, (2) minimize provider RBC ordering practices that do
not meet evidence-based guidelines, and (3) provide quanti-
tative analytics that tangibly demonstrate the effectiveness
of the PBM program for the hospital leadership.

The use of CDS tools within commercial EHR systems to
improve provider adherence to restrictive transfusion guide-
lines has proven effective and become the norm at many
academic medical centers.16 Our project not only added to
the existing body of evidence but also created a novel CDS
tool that served a dual role of providing effective educational
feedback and facilitating clinical decision-making. We spe-
cifically built and implemented our CDS tool in the form of a
dynamic order set, which allowed for more customized and

Fig. 4 Percentage of guideline-indicated inpatient transfusions between September 2014 and July 2019. X-axis caption: Year. Y-axis caption:
Guideline-indicated inpatient transfusions, %. LCL, lower control limit; UCL, upper control limit.
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tighter control of RBC orders. To the extent of our knowledge,
prior studies, including the two that we referenced, deployed
their CDS tools as interruptive alerts with static recommen-
dation messages.11,12,17,18 The synergistic effect of provider
education and behavioral optimization achieved by the CDS
tool translated to a sustained improvement of our RBC
transfusion practice, as demonstrated by the 3-year post-
intervention data in the SPC charts.

The reduction in multiunit 2-unit RBC orders and increase
of guideline-indicated RBC orders in our data are congruent
with prior findings from large tertiary care academic medical
centers.11,12 In the study conducted at UCSD Health, the
percentage ofmultiunit RBC transfusions decreased by almost
40.2% between baseline and the postintervention period and
the percentage of inpatient RBC transfusion units adminis-
tered for hemoglobin� 7 g/dL declined by 34.3%. Similarly,
in Stanford’s study, the percentage of inpatient RBC transfu-
sion units administered for hemoglobin� 8 g/dL declined by
approximately 20%. Although our data showed a clear
improvement, the observed changes were not as significant
as those seen in the two above studies. The more pronounced
effects may be attributable to the following factors. First,
Stanford’s additional modification of bone marrow transplant
admission order sets for standing transfusion orders, which
defaulted the hemoglobin target to 7 g/dL, instead of the prior
8, 9, or 10 g/dL targets, was highly effective. Second, UCSD’s
more robust alert trigger criteria that were connected to

documented diagnoses in the patient problem list may have
impacted provider ordering behavior. A potential next step is
to incorporate these features and further monitor our institu-
tional metrics.

The SPC charts delineated the systemic change estab-
lished by the CDS tool. In the postintervention period, the
rate of guideline-indicated transfusions showed minimal
fluctuation and reached a new steady state quickly. Two
individual data points exceeding the lower control limits
were observed during the first year. This finding may repre-
sent a lead-in period in which the providers were getting
accustomed to the intervention. On the contrary, the rate of
multiunit transfusions showed two large year-long clusters
of data points exceeding upper and lower control limits in
2015 to 2016 and 2017 to 2018, respectively. To the extent of
our knowledge, there were no special circumstances, events,
or interventions that either decreased or increased the
demand for RBCs in these time periods. We were unable to
map these data points that went beyond the limits to specific
underlying causes. Instead of creating control charts at the
conclusion of a study period, we suggest that other institu-
tions plot control charts longitudinally to enhance their
ability to approach and resolve processes that prevent the
interventions from achieving their desired effects.

This study has limitations. First, the PBM involved a strong
nonelectronic, educational, and communicational component.
Improvement in blood transfusion practice was not due to the

Fig. 5 Percentage of multiunit (� 2 units) red blood cell (RBC) orders between September 2014 and July 2019. X-axis caption: Year. Y-axis
caption: Percentage of multiunit (� 2 units) transfusion orders. LCL, lower control limit; UCL, upper control limit.
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CDS tool alone. This finding is supported by the gradual
decrease and increase in the percentage of 2-unit RBC transfu-
sion and guideline-indicated transfusions in the 12-month
baseline period. Although education and communication ini-
tiatives are necessary for a successful PBM program, these
supplemental strategies may serve as confounding factors. A
future project may implement a similar intervention without
concurrenteducational efforts to conduct amore robust impact
assessment of a CDS tool. Second, the alert trigger rate may be
more tightly controlled. Because the triggering condition was
on the patient’s hemoglobin concentration alone and did not
rely on the patient problem list and stored ICD codes, the alert
may have triggered more than we anticipated. However, pro-
vider dependent identification increases sensitivity and will
have a higher chance of capturing orders with inappropriate
indications. Third, our assessmentof guideline-indicated trans-
fusionsmaynothavebeen sufficiently comprehensive. Because
we reliedonjust twovariables, hemoglobin countandpresence
of cardiovascular disease, to set the triggering condition of the
CDS tool, we did not account for off-protocol transfusions for
which neither of the two variables affected the provider’s
decision to transfuse.

Conclusion

Our evidence-based RBC transfusion CDS tool, which was
deployed as a dynamic order set within the CPOE to allow for
more customized and tighter control of RBC orders, facilitated
an improved institutional PBM program at UCLA. Our imple-
mentation of a real-time CDS tool to improve blood transfusion
practice illustrates the benefits of a digital approach to deliver-
inghigh-qualitypatient-centered, cost-effectivehealthcareand
paving the way for additional value-based health care.

Clinical Relevance Statement

Our case report has clinical relevance for organizations that
wish to leverage an IT-driven method to achieve quality
improvement and cost savings in transfusion practice.

Multiple Choice Questions

1. Which of the following is one of the critical functions of
the CDS tool in this study?
a. Cost calculation.
b. Clinician education.
c. Impose penalty for overutilization.
d. Provide alternate therapeutic options.

Correct Answer: The correct answer is option b. The CDS
tool aimed to educate clinicians about evidence-based
RBC transfusion practice utilizing restrictive transfusion
guidelines.

2. Which of the following describes the type of CDS tool
implemented by this study?
a. Predictive analytics.
b. Patient data summary.

c. Dynamic order set.
d. Intelligent/dynamic documentation template.

Correct Answer: The correct answer is option c. The CDS
tool used a set of predefined criteria to displayappropriate
recommendations.
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