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Introduction: Patient blood management (PBM) programs are associated with better patient

outcomes, a reduced number of transfusions and cost-savings The Clinical Decision Support

(CDS) systems are valuable tools in this process, but their availability is limited in developing

countries This study assesses the feasibility and effectiveness of an adapted CDS system

for  low-income countries.

Methods: This was a prospective study of the PBM program implementation, in a 200-bed

tertiary hospital, between February 2019 and May 2020. Outcome measures were red blood

cell  (RBC), fresh frozen plasma (FFP) and platelet unit transfusions, the transfusion of a single

unit  of red blood cells and an RBC adequacy index (RAI).

Results: Comparing the post-PBM program era with the pre-PBM system era, there was a

decrease in red blood cell transfusions (p = 0.05), with an increase in single unit red blood

cell  transfusions (p = 0.005) and RAI (p < 0.001).

Conclusions: The PBM programs, including electronic transfusion guidelines with pre-

transfusion medical auditing, was associated with improved transfusion practices and

reduced product acquisition-related costs.
©  2021 Associação Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published

by  Elsevier Editora Ltda. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

mately 10–15% of all hospitalizations worldwide. Although a
lot of improvements have been achieved over the last decades,
Introduction
The blood transfusion is a very useful tool in the management
of a wide spectrum of diseases, being performed in approxi-
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transfusions are still associated with inexorable risks. In addi-
tion, several studies have shown that this tool is frequently
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Table 1 – Blood transfusion guideline inserted into the
blood bank software.

Red Blood cell
• Hemoglobin ≤7 g/dl in hemodynamically stable patients;

• Hemoglobin ≤9 g/dl in patients with cardiovascular
arteriosclerosis, with or without angina;

• Hemoglobin ≤9g/dl in patients with pulmonary disease and
hypoxia;

• Hemoglobin ≤9g/dl in patients with acute tissue ischemia;

• Acute bleeding with loss of more than 25% of blood volume, and;

• Others: Mandatory justification

Platelets
• Platelets <10,000/mm3 without active bleeding or bleeding risk

factors;

• Platelets <20,000/mm3 without active bleeding, in the presence
of bleeding risk factors;

• Platelets <30,000/mm3 without active bleeding, for performing
minor surgical procedures

• Platelets <50,000/mm3 without active bleeding, for medium and
large surgical procedures;

• Platelets <100,000/mm3 without active bleeding, for
neurosurgery, in post-procedure patients with extracorporeal
circulation and ophthalmologic surgeries;

• Platelets <50,000/mm3 with active bleeding, and;

• Other: Mandatory justification

Fresh Frozen Plasma
• Reversal of coumarin poisoning with the international

normalized ratio (INR) >1.50 (without bleeding);

• INR / R > 1.5 and active bleeding;

• INR / R > 1.5 invasive pre-procedure, and;

• Others: Mandatory justification

Cryoprecipitate
• Fibrinogen <100 mg/dl, and;
hematol transfus cell th

sed inappropriately Patient Blood Management (PBM) pro-
rams are increasingly gaining importance in this scenario
BM stands for a multidisciplinary evidence-based patient-
entric approach and can promote better patient care, avoid
nadequate use of blood units and optimize clinical outcomes
nd costs. One of the most important pillars of PBM is the
voidance of unnecessary transfusions.2

Implementation of clinical guidelines to promote educa-
ion among the physicians is an essential, but insufficient,

easure to guarantee its correct use. The requests audit is
n important tool to assess the implementation of these pro-
ocols. A post-transfusion, retrospective audit can provide
nformation for further education of the clinical staff, but
oes not prevent the occurrence of inadequate transfusion.

 pre-transfusion, concurrent audit is effective in prevent-
ng the unwanted blood transfusion, but is a laborious and
ime-consuming task.

The development of Clinical Decision Support (CDS) sys-
ems, in which the clinical guidelines are associated with
he electronic prescription software may help in alerting
he prescribing physician, based on the available laboratory
esults, radiology tests and clinical information, to verify if the
equested transfusion is compliant with the best practices or
hould be reviewed. This approach avoids unnecessary use of
lood components, promoting a decrease of up to 20% in the
olume of red blood cells (RBCs) transfused.3 The CDS system
s spreading in the developed world, but there are still some
urdles to overcome in its use in the developing countries.
ragmented health care systems, lack of a national patient
edical records and existence of different software modes not

ntegrated in the patient care structure hinder its wide use.

bjective

he main objective of this study was to evaluate the imple-
entation of a PBM program, using a CDS system adapted to

he reality of insufficient clinical and laboratory data integra-
ion.

ethods

n institution-validated blood transfusion guideline was inte-
rated in the blood bank software (Table 1). From February 2019
o May 2020, all manually handwritten transfusion requests
regardless of type of surgery and clinical diagnosis) made
o the private, tertiary, 200-bed Brazilian hospital, were tran-
cribed by a qualified transfusion technician into the blood
ank software, according to the guideline. Orders compli-
nt with the guideline were proceeded to without further
elay. The ones that were not possible to classify as adequate
ere subjected to a concurrent pre-transfusion physician
nalysis. Inadequate transfusions were discussed with the
rescribing physician. In the pre-intervention period, only
he mandatory transfusion request data from the legisla-

ion was entered into the blood bank software, but there
as no systematic pre-transfusion auditing. The data from

hat time were retrospectively analyzed after the study
tarted.
• Others: Mandatory justification

Blood transfusions, RBC transfusions, the rate of single-
unit transfusion of RBCs and the RBC Adequacy Index (RAI,
percentage of the RBC transfusion requests that had a pre-
transfusion hemoglobin available and below 9 g/dl)4 were
followed prospectively. The parametric variables (total blood
transfusion units, RBC transfusions and single-unit RBC trans-
fusion rates were analyzed with the student’s T-test and the
nonparametric variables (RAI), with the Wilcoxon test. The

data was used to give monthly feedback to the blood bank
technicians and auditing physician.
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Figure 1 – Box-plot analysis of the total blood units, RBC, platelet and fresh frozen plasma transfusions, before and after
PBM program implementation.

naly

The frequency of single-unit red blood cell transfusions
(Figure 3) showed a better performance after intervention,
with a significant increase from the pre-PBM era (p = 0005).
Figure 2 – Red Blood Cell Adequacy Index (A) and Box-plot a

Results

In the pre-intervention period, from January 2018 to January
2019, 7,833 blood units were transfused from 3,607 transfusion
requests.

In the study period, from February 2019 to May 2020, 9,790
blood units were transfused from 4,555 transfusions requests,
of which 3,131 were RBC units. When comparing before and
after PBM implementation, there was a statistically significant
reduction in RBC transfusions, but not in total blood units,
platelets and fresh frozen plasma (FFP), as demonstrated in
Figure 1. If the pre-PBM transfusion patterns had remained
unchanged, it would be expected that 448 units of RBC would
have been transfused during the study.

The RAI is the proportion of the red blood cell transfu-
sions that were performed with a pre-transfusion hemoglobin
value available and below 9 g/dl. To ensure the reliability of
this index, it is necessary to insert all hemoglobin values con-

tained in transfusion requests into the blood bank system.
From 2018 to the beginning of the intervention, only a few
blood transfusion requests banks had this information, lead-
ing to a RAI which reached levels below 5% (Figure 2). With
sis (B), before and after PBM program implementation.

the program implementation, the transfusion orders without
hemoglobin or hemoglobin over 9 g/dl gradually decreased,
promoting increased transfusion adequacy levels, reaching
values over 90%, associated with a decrease in the volume of
transfused RBCs.
Figure 3 – Box-plot analysis of the frequency of single-unit
RBC transfusion, before and after PBM program
implementation.
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iscussion

he blood transfusion has long been known to be accom-
anied by several risks for recipients. Progress has been
ade to improve its safety since the implementation of new-

eneration infectious disease tests, leukoreduction and donor
election criteria, but even so, blood transfusions are still asso-
iated with adverse events.5

A patient-centric approach was developed to minimize
hese risks and promote better care for the individual who

ight need blood transfusion, named Patient Blood Manage-
ent (PBM). The PBM programs have been spreading all over

he world the concepts of minimizing blood loss, optimizing
atient tolerance to anemia and avoiding unnecessary blood
ransfusion.6

Unnecessary transfusions had already been understood
s an important issue, incentivizing the American Hospitals
ssociation to promote it as one of the top five procedures

hat its hospitals would have to discuss and review.7

In some institutions, up to 76.9% of post-transfusion audit
eports found insufficient clinical information to classify
ransfusions as adequate or not.8 After reviewing 494 pub-
ished articles and using the RAND/UCLA appropriateness

ethod to determine the appropriateness of allogeneic red
lood cell transfusion, based on its expected impact on the
utcomes of 450 stable non-bleeding patients, Shander et al.
eported that 59% of the red blood cell units transfused were
lassified as inappropriate.9

The medical review of all blood orders is an expensive and
ime- consuming task. The use of clinical guidelines and a
DS system that integrate data from the medical records with

aboratory results can minimize the unnecessary blood trans-
usions. In a scenario where there is no integration among all
orts of patient information, implementation of a CDS system
s a remote possibility.3,10

The aim of this study was to evaluate the efficacy of a
on-integrated CDS system with the medical pre-transfusion
eview of non-compliant blood orders and educational feed-
ack for the prescribing physicians.

The CDS system implementation, combined with the
rospective medical review, was associated with a signifi-
ant reduction in red blood cell transfusion rates. As stated
n previous reports, there is a higher prevalence of inade-
uate transfusion of RBCs than platelets and FFP. The latter
re associated with fewer guideline deviations, by a more
ighly transfusion-educated physician and frequently after a
iscussion with the blood bank team. The RBC transfusions
re ordered by any physician, with a higher propensity for
ut-of-protocol requests11

In our study, the implementation of the program was not
ssociated with a change in total blood units, platelets and
FP transfusions. They were considered appropriate by the
DS-driven guidelines or audited by the blood bank physician
efore proceeding to transfusion. Goodnough et al. reported
hat the implementation of integrated models of CDS systems
ith electronic prescriptions and best practice alerts had a

rimary impact on RBC transfusions.3,10

The effectiveness of the program was also demonstrated
y the increase in the red blood cell adequacy index and
 0 2 2;4 4(3):374–378 377

by the single-unit transfusion ratio. The RAI has been vali-
dated in previous studies as a useful tool for real-time blood
transfusions management.4 It not only provides informa-
tion related to the existence of laboratory tests that support
the transfusion indication, but is also a qualitative measure
related to transfusion thresholds It should be validated at
each institution, according to the hospital profile (eg, surgery
and obstetrics) and its prospective follow-up can be of great
value.12,13

Historically, 2 units of RBCs were ordered when a patient
needed a transfusion in the last decade, studies have shown
that the adoption of restrictive strategies can be as safe as
liberal strategies with lower adverse events and costs.14 As
transfusion-related mortality and morbidity is also known
to be dose-dependent, the best practices support using the
fewest number of units needed to treat the patient.15 Bow-
man et al. reported that, in hematological patients with similar
baseline hemoglobin, the adoption of a single-unit RBC policy
resulted in a 29% reduction in RBC utilization, with no sig-
nificant differences in length of stay, or 30-day mortality.16

Since 2014, the American Medical Association, in partnership
with the American Association of Blood Banks, is promoting
the policy of single-unit transfusion of RBCs for stable non-
bleeding patients as part of the Choosing Wisely Campaign.15

In our study, the single-unit ratio showed a statistical
increase, supporting the hypothesis of the CDS system effec-
tiveness, associated with a pre-transfusion medical audit.

In addition to the well-known possible adverse events, the
clinical waste of blood units is associated with a high cost.
Costs of transfusions have been underestimated in the past
by many  institutions. If no interventions were made and the
annual rate of transfusion remained at baseline levels, an
additional 448 RBC units would have been transfused over the
study period.

Based on the product acquisition cost, the estimated sav-
ings from this reduction during the study is US$ 158,336
(Hierarchical Brazilian Classification of Medical Procedure
parameters). The real cost of blood transfusion is reportedly
threefold to fivefold times higher than acquisition costs, as it
includes indirect costs and costs related to the treatment of
adverse events, which might lead to an estimated savings of
US$ 445,008 to US$ 791,680 in the sixteen-month intervention
period.6

In addition to the possible financial impact, the program
could promote more  availability of blood, where and when it is
needed. The promoting of blood availability is of great impor-
tance because an aging population and decreasing number
of blood donor candidates generate a dangerous imbalance
between the transfusion needs and blood inventory.17

Conclusions

For the PBM program to reach its full potential, a broader
approach is needed, with continuing medical education,
pre-operative anemia management, bleeding-adapted surgi-

cal techniques, multidisciplinary peri-operative team and an
integrated CDS system with best practice alerts. While this
integrated model is not something tangible, models using
medical auditing, associated with transfusion protocols and
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physician feedback, can improve care practices and thereby
optimize patient clinical outcomes and minimize clinical
wastage.

Further studies should be performed, enabling a more
detailed financial impact assessment, as well as correlating
transfusion data with the epidemiological profile attended at
the institution.
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