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Summary

No one doubts the significant variation in the practice of transfusion medicine.
Common examples are the variability in transfusion thresholds and the use of
tranexamic acid for surgery with likely high blood loss despite evidence-based stand-
ards. There is a long history of applying different strategies to address this variation,
including education, clinical guidelines, audit and feedback, but the effectiveness
and cost-effectiveness of these initiatives remains unclear. Advances in computerised
decision support systems and the application of novel electronic capabilities offer
alternative approaches to improving transfusion practice. In England, the National
Institute for Health and Care Research funded a Blood and Transplant Research
Unit (BTRU) programme focussing on ‘A data-enabled programme of research to
improve transfusion practices’. The overarching aim of the BTRU is to accelerate the
development of data-driven methods to optimise the use of blood and transfusion
alternatives, and to integrate them within routine practice to improve patient out-
comes. One particular area of focus is implementation science to address variation
in practice.
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INTRODUCTION

Variation in clinical practice is a widely recognised phenom-
enon and to a degree, this is an inevitable feature of health-
care systems, including the National Health Service (NHS).
Documentation of variation in practice does however serve
a critical purpose in informing major national initiatives.
In England, for example, the Getting it Right First Time
(GIRFT) programme, is a NHS programme looking to im-
prove the quality of care and reduce cost by reducing vari-
ation." While some variability in transfusion practice is to
be expected due to individual differences in patient care and
preferences, deviating too far from evidence-based recom-
mendations can be detrimental to patient and healthcare
outcomes and is associated with higher healthcare costs.?
Much of the work to date in healthcare has been focussed
on describing and visualising variation but with arguably
less research aimed at addressing why variation in practice
occurs and how to reduce it.*~ In all clinical specialities in-
cluding transfusion medicine, there is unpredictability in
how research evidence is adopted into clinical practice.

The general aim of this article is to provide a back-
ground to the work of the ‘Blood and Transplant Research
Unit’ (BTRU) research programme funded by the NIHR on
‘A data-enabled programme of research to improve trans-
fusion practices’. Specific objectives of this article were to
highlight the variation in transfusion practice and the use
of transfusion alternatives commonly seen in medicine, and
to provide an overview of strategies to improve uptake of
evidence-based practice, including newer approaches based
on electronic systems such as computerised decision support
systems (CDSS).

VARIATION IN TRANSFUSION CARE

There are many examples of the complexity and variation
in the practice of transfusion medicine: the many types of

TABLE 1 Results of three recent national transfusion audits.

Audit Finding

2021 National Comparative Audit of
NICE Quality Standard of Blood
Transfusion QS138 (153 sites, 4679
participants)

components that differ in their degree of matching require-
ments, the blood count and haemostasis test thresholds that
trigger their use, the storage age, the volume thatis prescribed
and the additional specifications that may be applied. Any lit-
erature search readily identifies multiple publications to this
effect.*™ Slightly under 2.2 million blood components were
issued in 2022 in the UK," yet data from successive audits
of practice suggest that as many as 20% of transfused blood
components may have been given outside national standards
and recommendations (Table 1).> A national audit in 2016
of the use of red cells showed that 16% of all red blood cell
transfusions were considered inappropriate across 170 sites
with 4328 participants."' The national audit of blood trans-
fusion programme also found inappropriate use of prophy-
lactic platelets (37% of all transfusions) and preprocedure
transfusions (19%). A further audit in 2019 (110 sites with
5155 participants) reported that 30% of patients with a pre-
transfusion Hb of >70 g/L were transfused without adequate
clinical reason. This was even higher in patients with acute
coronary syndrome or cardiorespiratory disease, where 61%
had a pretransfusion Hb of >80g/L. We have estimated that
the number of unnecessary transfusions could be as many as
300-400000 across the UK costing over £60 M per year. Of
note, estimates of purchase costs of blood often do not fully
consider the added costs of storage, testing and safe admin-
istration in hospitals.'> The importance of addressing inap-
propriate transfusions is highlighted by real concerns in the
most recent Serious Hazards of Transfusion (SHOT) annual
report describing cases of two preventable patient deaths and
one major morbidity following ABO-incompatible red blood
cell transfusion."

These national audits indicate limited compliance with
guideline recommendations of strategies to promote alter-
natives or measures to minimise the use of blood. This is
a serious concern given that blood is a limited resource."”
Preoperative anaemia has been identified as a risk factor
for the need for transfusion and for increased morbidity
and mortality following surgery. Yet, audits continue to

59% of the patients who were known to have iron deficiency anaemia prior to being admitted for
surgery were treated with iron before surgery

67% of patients undergoing surgery with expected moderate blood loss received tranexamic acid

58% of patients receiving elective red blood cell transfusions had both their Hb checked and a clinical
re-assessment after a unit of red cells was transfused

2019 Medical Use of Red Cells
(110 sites, 5155 participants)

30% of patients with a pretransfusion Hb of >70 mg/L were transfused without adequate clinical reason

61% of patients with acute coronary syndrome or cardiorespiratory disease were transfused despite

having a pretransfusion Hb of >80 mg/L

2016 Use of Red Cells and Platelet
Transfusion in Adult Haematology
(170 sites, 4328 participants)

16% of all red blood cell transfusions given were considered inappropriate

37% of prophylactic platelet transfusions were inappropriate

19% of transfusions carried out preprocedure were inappropriate

6% of therapeutic platelet transfusions were inappropriate

Note: National Comparative Audit of Blood Transfusion. https://hospital.blood.co.uk/audits/national-comparative-audit/. Accessed 31.7.2023."
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demonstrate suboptimal identification and management of
preoperative anaemia. For example, the 2021 National Audit
of the National Institute for Health and Care Excellence
(NICE) Quality Standard of Blood Transfusion found that
only 58% of elective surgical patients were treated with iron
preoperatively (Table 1)."" Effective patient blood manage-
ment (PBM) is recommended'* and yet there is inconsistency
in its implementation. A recent French cross-sectional study
highlighted many deficiencies in perioperative anaemia
management and correction of iron deficiency was poorly
implemented."” Yet data increasingly support the effective-
ness of PBM. For example, a recent study in Germany used
the records of 1.2 million patients to report a reduction in
transfusion rate of 13.7% in the group who underwent active
PBM.'¢

There is an accumulating body of evidence demon-
strating the benefits of tranexamic acid (TXA) in surgi-
cal patients reducing the risk of major surgical bleeding
and transfusion by 25% with no increased risk of throm-
bosis.'”'® Indeed, Roman et al. concluded that TXA is
the single most effective PBM intervention.'* NICE rec-
ommended that adults having surgery where blood loss
is expected to be moderate (>500mL) should be offered
TXA (NICE NG24)® and in 2016 this recommendation
became a NICE Quality Standard (NICE QS138).%! Yet the
2021 National Comparative Audit found that only 67%
of potentially eligible surgical patients were given TXA
(Table 1)." This means of the 1.5 million major surgeries
each year, around 500 000 people do not benefit from TXA,
leading to approximately 15000 otherwise avoidable major
bleeding events.?> Correct compliance with this quality
standard alone could decrease the demand for blood by
33000 units per year and save over £5M in transfusion
costs without considering the added benefits to patients.
A recent national survey of anaesthetic trainees indicated
that the use of TXA varies considerably between surgical
specialities as does the availability of policies or the use of
checklists to promote its use.”’

Equally concerning are lower levels of compliance with
the NICE quality standard for patient information and edu-
cation. A national audit found that only 26% of people who
received a blood transfusion were given verbal and written
information about blood transfusion."" Another national
study found this increases to only 50% in patients who may
lack capacity, for example critically ill patients.* Comparable
data exist across other clinical settings; in maternity care,
only 1.6% of women were offered full written information
on the correct administration of iron and how to maximise
absorption.” There is also a lack of compliance to guidance
for pretransfusion testing. A national audit demonstrated
that only half of eligible patients with sickle cell disease had
received the correct pretransfusion testing indicated in the
guidance.?®

The slow uptake of evidence-based recommendations
is costly, both to patients and the healthcare system alike,
with studies showing that PBM interventions can reduce
the requirement for blood components translating into
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important potential cost and resource savings.' As such,
this represents a strategically important issue for service
providers, policymakers, healthcare systems and funders.
It is a major challenge for transfusion medicine because
of its ubiquity throughout almost all areas of hospital
practice.

RECENT BLOOD SHORTAGES
HIGHLIGHT THE NEED TO REDUCE
UNNECESSARY BLOOD USAGE

The occurrence of serious transfusion-transmitted infec-
tions since the 1970s and the recent blood shortages in
England highlight the importance of only using blood ap-
propriately. Indeed, many countries are experiencing persis-
tent challenges in providing an adequate and timely blood
supply after the COVID-19 pandemic.”® The reasons are
complex but include changing patterns of blood donation,
and modified donor behaviour.””*®

Importantly, it is not only the availability of blood for
transfusion thatisimportantfor patientcare,butalsoaccess
to the appropriate blood group type. Alloimmunisation to
red cell antigens occurs commonly in patients with sickle
cell diseaser and transfusion-dependent patients, and, at
times, can be a real challenge for blood supply.*® The pro-
vision of better matched red blood cell units which might
mitigate this risk is highly dependent on the size and di-
versity of the donor pool. At present, the range of blood
groups seen in blood donors in England does not match
those commonly present in ethnic minority groups, for
example patients with sickle cell disease, thus limiting the
ability of the blood service to provide well matched units
to minimise the risk of red cell alloimmunisation in these
patients. Whether new technologies based on matching
genotyped blood donors and recipients, rather than the
traditional labour-intensive serological approaches, have
a role in addressing and minimising risks of alloimmu-
nisation remains unknown and is the focus of ongoing
research (Haem-Match).?’ Another concern is the chal-
lenge in providing ABO compatible platelet transfusions.*
There are opportunities to improve patient outcomes by
expanding both the diversity of the donor pool and the
methods by which we match blood transfusions.

POOR LINKAGE OF BLOOD SERVICE
AND HOSPITAL IT SYSTEMS LIMITS
EFFORTS TO REDUCE VARIATION

A major limitation in addressing overall blood supply
problems is the inability to visualise in real time the full
transfusion chain from blood donors to patients (vein-to-
vein mapping). As a result, changes in blood use are not
immediately apparent to blood services, thus limiting their
ability to respond to the changes in demand. One option
in England has been a pilot ‘live-link’ between selected
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hospitals and NHS Blood & Transplant (NHSBT), the
blood service in England, to provide near-real-time hospi-
tal blood stock and wastage information (vendor-managed
inventory). It also faciltates automatic ‘top-ups’ of indi-
vidual hospitals' blood stocks to predetermined levels. At
present, it has limited current capability, being provided
to only 20 out of over 150 hospitals supplied by NHSBT,
and it does not allow information to flow from hospitals
to NHSBT about the use of blood such as the number and
type of patients receiving transfusions.

THE STRENGTHS AND LIMITATIONS
OF INTERVENTIONS TO ADDRESS
POOR TRANSFUSION PRACTICE

There are a range of interventions to improve transfusion
practice and promote adherence to national standards and
recommendations. These include education, clinical guide-
lines, audit and feedback, and CDSS. Soril et al. reviewed the
different quality improvement interventions in transfusion
and found that the scale of any benefits achieved was often
small.*® None of the included studies was graded as high
quality; most were single site, often in tertiary specialist set-
tings, and it was difficult to disentangle the effectiveness of
different components within multimodal interventions.

The development of guidelines based on the best current
evidence for good practice is a common starting point for
addressing variation in practice. However, it has long been
recognised that the publication of guidelines alone does not
lead to change.”® Key barriers to evidence-based transfusion
practice include clinicians' limited capacity to keep up to
date with an evolving evidence base, resistant beliefs about
transfusion benefits and the absence of strong drivers for
change.* Therefore, the dissemination of guidelines often
needs to be supported by active implementation strategies.
A recent overview using systematic review methodology
identified 30 strategies targeting healthcare organisations,
healthcare providers and patients to promote guideline im-
plementation, including educational materials and meet-
ings, and audit and feedback.”® Implementation planning
approaches are highly variable.””

Traditional medical education meetings and workshops
probably have only modest effects on clinical practice and,
to a lesser extent, patient outcomes.*® Greater effects may be
associated with a number of features, such as shorter meet-
ings, better attendance, provision of additional take-home
material, and targeting educational goals perceived as im-
portant. Research on educational approaches as a tool to
change practice increasingly emphasises the importance of
focussed topics and interactive methods, coupled with tools
for self-learning and some form of competency assessment.
Use of different teaching modalities to deliver education can
be helpful®®** and this applies equally to transfusion med-
icine as to other aspects of healthcare.*** The COVID-19
pandemic saw an increased emphasis on distance or virtual
learning, often termed e-learning.*> However, a recent survey

of e-learning practices in transfusion highlighted continued
uncertainty about its effectiveness.** The main message ap-
pears to be one of caution that a single educational approach
will be effective in delivering the desired change in practice
and that it should form part of a wider implementation strat-
egy, as described in a Cochrane review of audit and feed-
back.*> Other forms of educational initiative in transfusion
such as Transfusion Camp offer a complementary means of
education.*®

AUDIT AND FEEDBACK

Audit and feedback can provide healthcare profession-
als with summaries of their clinical performance over a
specified period of time with the intention of motivating
improvement. It generally has modest effects on clinical
practice; a meta-analysis of 140 trials of audit and feedback
found a median 4.3% absolute effect.*” Effects varied con-
siderably among trials, with a quarter finding large abso-
lute effects on 16% or greater and a quarter finding no or
even harmful effects. Larger effects were associated with
lower baseline performance, feedback being delivered by
a supervisor or colleague, provision of repeated feedback,
providing feedback both verbally and in writing, and in-
cluding clear targets and an action plan. The modest ef-
fects of feedback may translate into worthwhile population
healthcare benefits when it is scaled up, such as through
national clinical audit programmes. Furthermore, feed-
back based upon existing, routinely collected data offers ef-
ficiencies over relatively time-consuming patient case note
reviews. However, there is still a gap between what audit
and feedback can achieve and what is actually delivered.
Analyses of national audit programmes in the UK found
that they often did not fully utilise existing evidence on
effective feedback methods, for example incorporating ac-
tion plans.*”*®

Audit and feedback has a long history in transfusion med-
icine. However, limited progress with repeated national au-
dits in the UK motivated the AFFINITIE programme (Audit
and Feedback INterventions to Increase evidence-based
Transfusion practice).”’ The researchers first undertook a
series of interviews and surveys to better understand the
challenges of feedback delivery and effectiveness at hospital
sites.”® The AFFINITIE research team then developed and
evaluated two empirically and theoretically informed feed-
back interventions, ‘enhanced content’ to improve feedback
clarity and usability and ‘enhanced support’ for hospital
staff to act on feedback, on transfusion appropriateness. The
effectiveness evaluation embedded two linked 2x2 clus-
ter-randomised trials in national audits of transfusion for
surgery (135 hospitals) and haematological disorders (134
hospitals) respectively. In this way, the trials evaluated the
separate and combined effects of enhanced content and en-
hanced support against standard feedback. The enhanced
feedback interventions were found to be no more effective
than standard feedback.”
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The likely reasons for the lack of effect included a lack of
credibility of the audit standards, concerns about the data
validity collected by the largely manual-based processes and
evidence of variable (and often poor) enactment of the in-
tended feedback at hospital sites. These lessons are directly
relevant to the current design and delivery of ongoing or
planned transfusion audit and feedback programmes. There
remains considerable scope to enhance the effectiveness of
audit and feedback programmes,®® especially by drawing on
evidence and expert-informed suggestions for optimising
feedback.” The AFFINITIE programme also demonstrated
a methodology for embedding trials within existing large-
scale quality improvement programmes, thereby improving
research efficiency and generalisability. It should be noted
that the AFFINITIE researchers did not compare audit and
feedback against no form of audit and feedback. Given audit
and feedback likely has some effect, the key question re-
mains how to enhance the effects, by testing different forms
of audit and feedback.”*

COMPUTERISED DECISION
SUPPORT SYSTEMS

There is growing interest in the development of CDSS within
electronic health records (EHRs) to improve transfusion
practice, although to date such systems are infrequently used
and limited to specialist centres with high-quality EHRs.
CDSS aim to improve safety by reminding clinicians to de-
liver recommended care and reducing errors in decision-
making. They can include relatively sophisticated systems
linked to patient-specific information allowing rapid imple-
mentation and scaling within EHR systems. CDSS have the
potential to provide real-time feedback to requesters on ap-
propriate blood ordering, as well as to clinicians on the use
of blood.

The transfusion team in Oxford have described their
experiences of CDSS, which has been reported to contrib-
ute alongside other blood management strategies to a re-
duction in total blood product costs of around 25% which
may equate to a saving of around £1 million/annum with-
out any negative impact on patient outcomes.” Importantly
while much of the focus has been on red blood cell trans-
fusions, these tools may be as effective for transfusions of
other blood components such as plasma and platelets.*® In
another system, a recent best practice alert has been tested in
a small, randomised trial and was reported to reduce platelet
requirements.57

CDSS are ubiquitous in primary and secondary care
EHR systems. However, a systematic review of 108 stud-
ies (including 94 randomised trials) of CDSS found only
a modest 5.8% improvement in the proportion of patients
receiving evidence-based care and only a marginal 0.3%
improvement in clinical endpoints.”® One striking finding
was the significant variability in effect sizes; while some
studies found large effects, others found none. System
features and clinical context incompletely explained this
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variability, leading to the conclusion that the current
literature ‘provides little guidance for identifying the
circumstances under which clinical decision support sys-
tem interventions produce worthwhile improvements in
care’. Furthermore, there are well-recognised problems
of alert fatigue, distraction, and poor fits with clinician
and patient needs during consultations.’®*® For example,
clinicians are prone to ignore or discount multiple haz-
ards highlighted in prescribing safety alerts, especially as
alerts typically appear after they have made decisions to
prescribe.

A focussed review on CDSS in transfusion described
20 separate studies, but nearly all studies were ‘before and
after’ designs rather than randomised controlled trials
or other more methodologically robust clinical trial de-
signs.®! The review concluded that while implementation
of a CDSS might improve red blood cell usage, there were
many uncertainties regarding the optimal features of these
systems,®” as well as their impact on cost savings, effects on
patient outcomes and the sustainability of any effects. The
authors also made recommendations for standardised re-
porting of outcomes, not least the nature of the algorithm
used. The integration of such systems into a diverse NHS
landscape of electronic systems will undoubtedly be com-
plex, but adherence to recommended standards will be of
particular importance to ensure their widespread adoption
and studies to determine their optimal configuration will
be needed.

THE VALUE OF HOSPITAL DATASETS
AND DATA REPOSITORIES TO EXPLORE
UNWARRANTED VARIATION AND
UNDERSTAND PRACTICE

This article started with a discussion on variation in trans-
fusion practice. Accurate and timely data on the patterns of
blood usage are key to understand and prioritise what needs
to be done to improve practice. However, these data are often
not readily available. Greater use of data within EHRs has
huge potential for identifying variation in transfusion prac-
tice and for developing measures to promote appropriate use
of blood, reduce blood wastage, improve blood stock man-
agement and reduce healthcare costs.’ Proof of principle
work has established the feasibility of electronic collection
of transfusion datasets from multiple hospitals in England,
with value for more efficient and timely benchmarking of
practices.’* Larger scale data collaborations for research are
also underway (NIHR Health Informatics Collaborative,
Table 2), but require significant bioinformatics support to
standardise the transfusion data across multiple sites with
their differing LIMS and EHRS. The initiative in England to
create subnational secure data environments® should allow
large-scale linkage of data between hospitals, primary care
and NHSBT. This will provide a wealth of possibilities to
transform patient care. For example, it may be possible for
the first time to perform comprehensive studies of anaemia
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TABLE 2

Dataset

Perioperative Quality Improvement
Programme (PQIP), UCLH/UCL
Website: https://pgip.org.uk

British Heart Foundation Data Science Centre
(CVD-COVID-UK / COVID-IMPACT
database)

Website: https://www.hdruk.ac.uk/projects/cvd-
covid-uk-project/

A single site hospital dataset (A digital platform
for identifying bleeding patients, REBLEED),
Oxford University Hospitals NHS
Foundation Trust and BRC

Website: https://www.ndcn.ox.ac.uk/research/
critical-care-research-group-kadoorie-
centre/research-themes/

The Clinical Practice Research Datalink
(CPRD), Primary Care, Oxford University
of Oxford

Website: https://cprd.com/

NIHR Health Informatics Collaborative
themes (HIC) for liver disease, colorectal
cancer, perioperative anaemia patient blood
management (PBM), critical care

Website: https://www.hic.nihr.ac.uk/

Health Informatics Collaborative themes (HIC)
for transfusion-dependent anaemia and the
HAEM-MATCH research programme

Size

29000 patients for PBM research

1.7 million individuals

1 million hospital admissions
Successfully linked patient data to Trust
transfusion data

13 million registered and alive patients,
including adults, pregnant women and
children

10000 patients for perioperative PBM, over 4000
patients liver disease and colorectal cancer

Initial analysis of 443 haemoglobinopathy
patients in the collection with a complete
5-year transfusion history

Examples of data repositories of potential relevance to patient blood management in England.

Transfusion research questions

The effects of being anaemic ahead of surgery
and how alternative treatments affect patient
outcomes. Analysing complication rates,
length of stay and patient-reported outcomes
over the next 12 months

The use and effects of iron supplementation on
infection and impact of anaemia treatment
on cardiovascular outcomes in patients aged
over 65

Development and validation of algorithms to
identify patients with acquired bleeding

The epidemiology and management of anaemia in
primary care including many patients who go
on to have surgery in hospital practice

The effects of anaemia presurgery. Real-world
data on transfusion use in liver disease and
critical care

Developed code to standardise transfusion-related
hospital records and applied it to data from
more than 300000 UCLH patients. To develop

Website: https://www.haemmatch.co.uk.

The Blood Stocks Management Scheme (BSMS), 1.79 million NHSBT issued blood component

NHSBT. units
Website: https://www.bloodstocks.co.uk

79000 Hospital wasted blood component units
recorded. 15900 RBC units in hospital stock
per day. 241 hospitals in England receiving a
monthly report—2892 BSMS reports

Al-based strategies for matching of blood for
transfusion in sickle cell disorders

Improving blood component inventory
management in hospitals through measuring
and improving engagement and the
downstream impact of the BSMS reporting
and feedback using both qualitative and
quantitative assessments

in surgery and pregnancy in primary and secondary care.
Additionally, while current datasets available for research in
transfusion medicine are retrospective, they could be com-
bined with more powerful computational servers and cloud
software to open up the potential for future iterations to be
prospective, or even real-time.

The availability of large-scale datasets creates new op-
portunities for transfusion research (Table 2). One feature
of the research environment in COVID-19 has been the
creation of data repositories enabling many features of the
social, behavioural, public health, management and eco-
nomic impacts of the global pandemic to be explored, but
which may have broader applicability to areas including
transfusion medicine. A NIHR British Heart Foundation
Cardiovascular Partnership links population healthcare
datasets across the UK to study the relationships between
COVID-19 and cardiovascular diseases. Another relevant
dataset with over 50000 patients is the Perioperative Quality
Improvement Programme (PQIP), which supports the

feedback of national variation in delivery of perioperative
PBM interventions. It is being analysed to explore the effects
of anaemia before surgery and how treatments such as iron
affect patient outcomes.®

Preoperative anaemia should be identified and treated
at the earliest opportunity when surgery may be indicated,
and ideally not in a preoperative assessment clinic in the
days prior to surgery. Linkage between hospital and primary
care data (e.g. Clinical Practice Research Datalink [CPRD]
primary care database) could open up additional treat-
ment opportunities which could positively impact patients'
well-being and long-term quality of life. Linkages between
a national haemoglobinopathy registry, hospital data and
NHSBT could facilitate better and timely access to matched
blood for patients with complex antibodies. Although it
should be noted that many studies have audited the clinical
information of patients who receive blood transfusions, the
datasets used in these large-scale approaches should allow
us to also consider patients who may have benefitted from
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blood components even when they were not administered or
indicated. They may also provide a framework for building
vein-to-vein linkages from the donor to the recipient.

Further examples of the potential strengths of big data
and large-scale datasets include not only national descrip-
tions of patterns of blood use but also at a more granular
level exploration of prediction and blood usage.’”% Over
a million patients are now included in the German Patient
Blood Management Network Registry, allowing a more com-
prehensive analysis of the relationships between anaemia,
comorbidities and red blood cell transfusion.”’” The more
recent iteration of the Recipient Epidemiology and Donor
Evaluation Study (REDS) programme is creating data repos-
itories to include younger age groups.”' Using data at scale
in large datasets should mean the study population is more
representative of the entire population.”* Although evidence
exists that inequality (e.g. ethnicity and deprivation) affects
population health, this aspect is perhaps under-researched
in transfusion medicine, yet data are emerging that practices
need to be scrutinised.”>”*

The rapidly expanding fields of artificial intelligence (AI)
and machine learning (ML) have the potential to revolution-
ise healthcare.””””” ML may support the development of algo-
rithms to predict transfusion requirements which could help
reduce risk, improve patient outcomes and predict blood
stock requirements. Directly embedding learning systems
within EHRs has huge potential but their implementation
remains a significant challenge.””® There are increasing

Overview of the Data Driven BTRU

: Core hospitals & blood banks
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number of publications reporting advanced techniques to
predict transfusion needs in patients.**™®* Recent studies
have shown the potential for data on transfusion usage to
forecast the demand for both red blood cell**™ and platelet
transfusion requirement.** " How widely and rapidly these
findings can be rolled out in hospital information systems
remains to be seen.

NEW DEVELOPMENTS IN ENGLAND:
THE BTRU IN DATA-DRIVEN
TRANSFUSION PRACTICE

In England, NIHR provided funding for 5years for a BTRU
programme focussing on ‘A data-enabled programme of re-
search to improve transfusion practices’. The overarching
aim of the infrastructure grant is to accelerate the devel-
opment of data-driven methods to optimise blood use and
integrate them within routine practice to improve patient
outcomes. The core structures of the BTRU are shown in
Figure 1, with examples of activities shown in Table 2. This
collaborative programme brings together haematologists,
methodologists, surgeons, anaesthetists, data scientists and
implementation experts to create a cross-cutting multidis-
ciplinary team including both early career and established
researchers, with embedded patient and public members.
The work of the implementation group includes optimis-
ing feedback reports, in comparison with international

é Work Package 1 )
Measure inappropriate variations
in transfusion practice and identify
data-driven interventions to improve
patient care, safety and value for money

Al driven iterative
improvement cycle

Data Repositories

Learning health system
Statistical Modelling

FIGURE 1

4 )
Work Package 2
Health Develop electronic systems to support
economics safe and efficient transfusion pathways
throughout the blood supply chain.
.
On-going
peasiing nter Work Package 3
pr:::,':;& ,n:,:::;:m NHS-BT SHOT Establish the infrastructure for scaled-up
‘ hospital k ‘ variation clinical, epidemiological and quality
T \ / improvement research whilst delivering
innovative exemplar studies using large

Extending to other hospital \
blood banks nationally

data sets with direct impacts on NHS
transfusion policy, Pre-submission practice
and outcomes

D ADNAD

Work Package 4
Model the cost-effectiveness of
innovations identified in WP1-3

An overview of the BTRU. Cross-cutting research work-packages will address the following themes: (1) using hospital data to understand

and address variations in blood use in hospitals; (2) using electronic systems to improve the sharing of information between hospitals and blood services
for improving the blood supply chain; (3) using data from hospitals and GP practices to develop electronic tools to improve the outcomes for patients
who might need transfusion; (4) investigating the costings of different pathways and processes for transfusion, given the need to understand how any

electronic systems deliver value for money.
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recommendations,” for example, in a collaboration be-
tween the BTRU and the Blood Stocks Management Scheme
(BSMS). The graphical abstract provides an overview of such
strategies to address variation, in this case for stock inven-
tory and rates of wastage between hospitals in England.

At the heart of the BTRU programme is planning for
novel data linkages and large-scale data repositories includ-
ing blood transfusion. Later ambitions will be explored by
promoting and enabling an integrated process of monitoring
and managing blood needs and use, including hospital-level
databases, and data linkages between NHSBT as blood sup-
plier to hospitals, to and from hospitals and also to primary
care, but it is recognised that these developments will take
time and additional resource to deliver. Understanding the
cost-effectiveness and efficiency gains from electronic sys-
tems for better managing safe transfusions in hospitals and
blood supply is an important need given the recent SHOT
annual report which continues to highlight significant risks
to patients and that errors in the transfusion processes still
account for the majority of the reports.'

There is increasing evidence to support the impact of
meaningful Patient Public Involvement and Engagement
(PPIE).”* In the BTRU, a group of patient and public mem-
bers play a key role bringing the views and needs of patients
from a diverse range of backgrounds to our work, repre-
senting many communities commonly under-represented
in healthcare research. They are involved in the research
process from the design of research questions, data collec-
tion and analysis to the dissemination and implementation
of our findings. PPIE views have driven a novel strand of
transfusion research examining how differences in people's
geographical location, ethnicity and socio-economic stand-
ing may affect the care they receive. From the perspective of
donors, there is a recurring expectation that donated blood
will be used to full effect and not be wasted.”” Patients are
clear that unnecessary (inappropriate) transfusions should
be avoided, and initiatives pursued to address variation in
practice. Other relevant PPIE initiatives include review-
ing research priorities identified through the activities
of two James Lind Priority Setting Partnerships,”**> and
the ‘Choosing Wisely’ for blood transfusion campaign.’®
Technologies and human factor considerations to deliver
improvements in the safety of blood administration include
avoiding ‘never events’, such as ABO-incompatible red blood
cell transfusions, remain top priorities for patients. Patients
and public members are generally supportive of the use of
routine clinical data but within clear boundaries and for spe-
cific purposes, and within a framework of national guidance
(e.g. Goldacre report).”’

HELPING TO SHAPE THE BROADER
INTERNATIONAL EFFORT

The work of the BTRU should be viewed in the context of ac-
tivities in many countries that are starting to explore the de-
velopment of a fully linked electronic ‘vein-to-vein’ systems

from the blood donor to the patient recipient. An exem-
plar system in Europe is the Swedish-Danish Scandinavian
Donation and Transfusions (SCANDAT) database’® and in
North America, work through the REDS programmes. Such
systems can be used to explore a range of donor and dona-
tion factors on patient outcomes.”

Alonger term vision of the BTRU in England is to establish
a so-called nationwide ‘learning health system’ to use rigor-
ous, data-driven methods to continuously improve transfu-
sion practice. Similar initiatives have been described in other
international settings."”’ There is increasing awareness of
learning health systems,'®" whereby new knowledge about
how to improve healthcare delivery is generated through
a series of rapid-cycle randomised trials embedded within
electronic systems using routinely collected data in assessing
‘real-world” effects."” "% These approaches are increasingly
discussed in the literature and already used in public policy
and in business to deliver cumulative improvements, for ex-
ample companies ‘randomising’ potential customers to dif-
ferent presentations of online products to understand what
drives purchases. Embedding randomisations efficiently
into hospital transfusion systems will be challenging, and
more clarity is needed on the optimal approaches for achiev-
ing this aim.””** These new strategies provide a real oppor-
tunity to improve transfusion practice, which is viewed by
patient and public members of our PPIE panel as an im-
perative for researcher teams, given their custodianship of
public health data and blood as a donated altruistic resource.
Collaborations with colleagues across the globe promote the
building of a strong shared learning approach, so that chal-
lenges to the use of data are collectively addressed, to ensure
improvements benefit both patients and blood donors in all
settings, including low-resource country settings.

CONCLUSION

There is a need to address the disparity between an expand-
ing evidence base informing best transfusion practice and
its uptake into routine clinical practice. For example, there
are more than 48 randomised trials comparing different
thresholds for red blood cell transfusion. In contrast, there
have been very few randomised trials of approaches to im-
plement their findings."*®'” Initiatives such as the BTRU in
Data Driven Transfusion Practice aim to capitalise both on
the increasing capacity for the collection of routine patient
data and on the advent of interactive electronic systems to
provide real-time machine-driven learning and thus effec-
tive feedback to individual clinicians and clinical teams to
ensure optimal transfusion practice. By ensuring we take
advantage of the data already being collected on a daily basis
within the NHS, it is envisaged that preventative as well as
therapeutic interventions can be optimised and improved
across the wide range of specialities where transfusions are
used. By utilising the emerging technological advances, we
hope to develop an iterative flexible learning system which
will have a long-lasting positive impact on patient outcomes
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including their quality of life by improving transfusion prac-
tice for all the patients that need blood.
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