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ABSTRACT

Background: Anaemia significantly affects health outcomes and quality of life. While blood transfusion remains a common
intervention, alternative treatments, such as iron supplementation and erythropoiesis-stimulating agents (ESAs), offer potential
to mitigate transfusion-associated costs. However, robust evidence on their cost-effectiveness remains limited.

Objective: This review assesses the cost-effectiveness of anaemia treatments, aiming to inform UK healthcare policy and practice.
Methods: A systematic review was conducted following PRISMA guidelines, identifying economic evaluations published between
2015 and 2025. Study quality was appraised using the Drummond checklist and NICE reference case criteria. Data were synthesised
using the Hierarchical Decision Matrix framework.

Results: Of 5496 records screened, 14 studies met inclusion criteria; 11 were included in the final synthesis, with three excluded
due to low methodological quality. Restrictive transfusion strategies were cost-saving (£35.50-£75 per patient), reduced red blood
cell utilisation by ~21%, shortened length of stay by 0.5 to 3 days, and yielded modest QALY gains (0.01 to 0.02). ESAs reduced
transfusion risk (RR 0.61 to 0.87) but incurred substantial incremental costs (£1859-£3060) with limited evidence of QALY gains.
Transfusion of fresher blood in ICU settings increased costs without a measurable clinical or economic advantage. Preoperative
erythropoietin and ferric carboxymaltose reduced transfusion incidence but were high-cost interventions with limited evidence
on QALY gains. Patient Blood Management (PBM), particularly intravenous iron, was cost-saving (£30.80-1166 saved per patient),
reduced transfusion rates (RR 0.61), but with limited evidence on QALY gains.
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Conclusion: Restrictive transfusion thresholds and PBM interventions, especially intravenous iron, demonstrate favourable cost-

effectiveness and potential for NHS cost savings. In contrast, the cost-effectiveness of ESAs remains uncertain due to high costs

and limited utility evidence. Further research is needed to capture long-term outcomes and generate UK-specific economic data.

Trial Registration: The authors have confirmed clinical trial registration is not needed for this submission.

1 | Introduction

Anaemia remains a significant global health challenge, affecting
an estimated 1.76 billion people—approximately 23.7% of the
global population—with the highest burden observed among
preschool children and women of reproductive age [1]. Iron
deficiency is the leading cause, responsible for nearly half of
all anaemia cases, though its contribution varies by region,
population group, and the prevalence of infectious diseases [2].
Despite improvements in healthcare infrastructure and nutri-
tional standards in many countries, the condition persists as a
major cause of morbidity [1, 3].

Blood transfusion is a well-established treatment for severe
anaemia, offering rapid correction of haemoglobin levels and
improved oxygen delivery to tissues [4-6]. However, transfu-
sions are associated with non-negligible risks and substantial
healthcare costs. Reported complications include transfusion
reactions (0.5%-3% incidence), alloimmunisation, iron over-
load and transmission of infectious agents such as hepati-
tis B, hepatitis C and HIV, although rare in high-income
settings [7, 8].

Transfusions are also limited by resource availability, and they
also impose substantial costs on healthcare systems [9, 10]. In
2024, the average NHS cost of a red blood cell unit was £186.25,
with administration adding £49 per unit, resulting in a total per-
unit cost exceeding £235 [11, 12]. As a result, there is a growing
emphasis on cost-effective and safer alternatives. These include
iron supplementation, erythropoiesis-stimulating agents (ESAs),
nutritional strategies and other haemoglobin-optimising inter-
ventions, particularly in settings such as perioperative care. When
appropriately targeted, these alternatives may reduce reliance
on transfusions, lower healthcare costs and minimise adverse
outcomes [13]. However, these alternatives also pose important
safety considerations. In particular, ESAs have been associated
with increased thromboembolic risk and potential tumour pro-
gression in oncology populations, prompting regulatory warnings
and necessitating careful patient selection [8, 14].

The full impact of anaemia treatments extends beyond clini-
cal outcomes, encompassing both direct healthcare costs and
indirect costs such as lost productivity and reduced quality of
life. While the clinical efficacy of various anaemia interventions
is well-documented, their economic implications have received
comparatively limited attention. The National Institute for Health
and Care Excellence (NICE) addressed this gap in its 2015
guideline on blood transfusion (NG24), which included a review
of economic evidence related to anaemia treatment [13]. The
guideline stressed the importance of cost-effectiveness, particu-
larly in surgical settings, and encouraged the use of alternatives
to transfusion when appropriate. However, it also acknowl-

edged significant gaps in the economic evidence base, espe-
cially concerning the cost-effectiveness of transfusion strategies
themselves.

Despite the substantial resource implications of anaemia man-
agement, comprehensive economic evaluations comparing trans-
fusions to alternative treatments remain scarce. Recent studies
have underscored the need for more comprehensive cost-
effectiveness analyses to inform healthcare decision-making,
improve patient outcomes and facilitate efficient resource allo-
cation. [15, 16] However, existing reviews have been largely
narrative in nature, focusing primarily on methodological
aspects of economic modelling rather than systematically eval-
uating outcomes across interventions [15]. This highlights
the immediate need for a comprehensive review of recent
economic evaluations to inform policy and guide clinical
practice.

Our systematic review addresses the existing gaps in economic
evaluations of anaemia treatments by systematically assessing
both the economic and clinical impacts of various interventions,
including blood transfusions. We incorporate the NICE eco-
nomic evaluation checklist to ensure relevance to UK healthcare
settings, focus on studies from Organisation for Economic Coop-
eration and Development (OECD) countries, including recent
research, and adhere to NICE appraisal methods to identify
pertinent literature. Building upon prior assessments, such as the
NICE guideline on blood transfusion [13], this review aims to
provide updated insights to inform clinical decision-making and
policy development.

2 | Methods

2.1 | Search Strategy and Inclusion/Exclusion
Criteria

A comprehensive literature search was conducted in January 2023
and updated in February 2025. The search strategy was informed
by a prior review undertaken by NICE [13] and adhered to
the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines. The protocol was registered with
PROSPERO (CRD42022346634) [17].

We included all published economic evaluations of interventions
aimed at managing anaemia that involved or sought to avoid
blood transfusion. Eligible study designs included randomised
controlled trials (RCTs), cohort and observational studies, system-
atic reviews and meta-analyses. Both full and partial economic
evaluations were considered, including cost-effectiveness analy-
ses and budget impact analyses. Studies of all anaemia types and
treatment modalities were eligible. Key health outcomes included
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quality-adjusted life years (QALYs), mortality, number of blood
transfusion units, transfusion relative risk and hospital length of
stay.

Eligible studies were limited to those published in English
from OECD countries between January 1, 2015, and January
31, 2025. Additional relevant studies identified from the NICE
NG24 review were summarised separately. Databases searched
included MEDLINE, Embase, CENTRAL, the Cochrane Library,
EconLit, Web of Science, Scopus, the Transfusion Evidence
Library, ClinicalTrials.gov and the WHO International Clinical
Trials Registry Platform (ICTRP).

We excluded non-comparative cost studies (e.g. cost-of-illness
or cost descriptions without comparison), studies solely focused
on non-anaemia-related transfusions, inherited anaemia or those
lacking full-text access. Letters, opinion pieces, conference
abstracts and posters were also excluded.

2.2 | Protocol Deviations

While the original protocol [17] for this review included a broader
population of patients requiring transfusions, the selection and
synthesis of studies focused on economic analyses involving
patients with anaemia, consistent with the main aim of the
review. Studies deemed to be of low methodological quality were
retained in the review and documented in the quality assessment
table. However, their findings were not included in the com-
parative synthesis if their design lacked sufficient comparative
rigour (e.g. uncontrolled before-after studies or aggregate-level
outcomes), limiting their interpretability for policy-relevant eco-
nomic evaluation.

2.3 | Study Selection

All identified references were imported into Covidence for sys-
tematic screening. Title and abstract screening was conducted
independently by two reviewers (HF and SN), followed by full-
text review of potentially relevant articles. Studies were excluded
at either stage based on predefined criteria, with justifications
recorded. Discrepancies were resolved through discussion or
adjudication by a third reviewer (FT).

2.4 | Data Extraction

Data extraction was conducted independently by two reviewers
(HF and FT) using a pre-designed template within Covidence.
Extracted information included study characteristics (e.g., year,
country, authorship, clinical area and target population), as
well as details of the economic evaluation (e.g., intervention,
comparator, time horizon, discount rate, perspective and sensi-
tivity analyses). Cost and outcome data included resource use
(staff time, blood use, hospitalisation, medications), incremental
cost-effectiveness ratios (ICERs) and results from subgroup and
sensitivity analyses. Given our focus on cost-effectiveness and
resource use outcomes (e.g. QALYs, transfusion rates, hospital
stay), we prioritised outcomes that were consistently available
and relevant to economic decision-making, including incremen-

tal costs and QALYs, as well as changes in mortality, transfusion
risk, units transfused and hospital days. Any disagreements were
resolved by consensus.

2.5 | Data Analysis

Extracted data were exported into Excel for analysis. All cost data
were converted to 2023 GBP using OECD Purchasing Power Parity
(PPP) rates [18]. If the study year was unspecified, the publication
year was used for these adjustments.

Given the heterogeneity across anaemia types and intervention
approaches, a direct comparison of cost-effectiveness was not
always feasible. To address this, we applied the Hierarchical
Decision Matrix (HDM) [19], a decision-support tool that enables
transparent ranking of interventions based on cost and outcome
combinations. Interventions were categorised into three groups—
accept, review or reject, to assist in prioritising options based
on economic value. Interventions were categorised into three
groups—‘accept, ‘review’ or ‘reject’, to assist in prioritising
options based on economic value. For instance, an intervention
was classified as ‘accept’ if it demonstrated both cost savings
and improved outcomes (e.g., higher QALYs, reduced transfusion
rates or shorter hospital stays), or as ‘review’ if it showed
higher costs but improved outcomes, and as ‘reject’ if it involved
both higher costs and similar or negative outcomes. The HDM
offers a pragmatic and transparent way to compare interventions
when formal economic synthesis is not feasible, and it may
be particularly useful in the absence of consistent ICERs or
QALY data. However, it simplifies complex analyses and does not
incorporate uncertainty or quality of evidence, which should be
considered when interpreting its classifications.

2.6 | Quality Assessment

Quality assessment was conducted using Drummond’s 10-point
checklist for economic evaluations—focusing on the rigour
of design, methods and reporting (including uncertainty and
sensitivity analysis) [20]—and the NICE Economic Evaluation
checklist (focusing on the UK of policy relevance) [21] of each
study. Two reviewers independently assessed each study, with
discrepancies resolved through discussion. For the Drummond
checklist, items were rated as ‘fully met’ (1 point), ‘unclear’
(0.5 points) or ‘not met/not applicable’ (0 points). Studies were
categorised as high quality (scores of 8.0 or above), medium
quality (scores of 6.0-8.0) or low quality (scores below 6.0).
For the NICE checklist, each criterion was rated and averaged
across relevant items to assess methodological limitations and
UK applicability. Studies were classified as having low limitations
(average scores of 8.0-10.0), medium limitations (scores of 6.0-
8.0) or high limitations (scores below 6.0), and as having high,
medium or low applicability based on the same thresholds.
These assessments informed the inclusion of studies in the final
synthesis and the interpretation of results.

3 | Results
3.1 | Study Selection

The initial search yielded 5515 records. After removing 19 dupli-
cates, 5496 records were screened by title and abstract. Of these,
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FIGURE 1 | PRISMA diagram.

5195 were excluded. Full-text retrieval was sought for 301 studies,
with 243 assessed for eligibility.

Overall, 232 studies were excluded because they did not meet
the inclusion criteria. The main reasons for exclusion were lack
of accessible full text or publication format (e.g. poster, citation,
correspondence, letter to the editor) (n = 58), did not represent full
health economic evaluations or focused on blood supply services
(n =196), or did not exclusively include anaemic populations (n

= 33). In total, 14 studies were included in the review. Figure 1
outlines the full study selection process.

3.2 | Quality Assessment

Fourteen studies were appraised using the Drummond check-
list for economic evaluations [20]. Three studies [22-24] were
excluded from further analysis due to lower methodological
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quality. Of the eleven remaining studies, one was rated as high
quality (with a score greater than 8.0), demonstrating strong
adherence to key evaluation criteria, while the others were
medium quality, meeting most standards with some limitations.
Full scoring details are in Tables 1-3.

3.3 | Study Characteristics

Among the selected studies for further data analysis, four con-
ducted a cost-utility analysis (CUA) [25-28], three conducted a
cost-effectiveness analysis (CEA) [29-31], one conducted both
CUA and CEA [32], two used a cost-minimisation analysis (CMA)
[33, 34], and one performed a cost-benefit analysis (CBA) [35]
(see Table 4). These studies were conducted in several countries,
including the UK [25, 28], USA [26, 33], France and Spain [32],
Australia [30, 27], Turkey [31], Spain [29], and Germany [35, 39].

Regarding the time horizon, one study [25] adopted a long-term
perspective (lifetime) using a discount rate of 3.5% for costs and
outcomes. Two studies [33, 35] did not specify an explicit time
horizon. The remaining studies primarily adopted short-term
time horizons, typically focusing on the duration of hospital stay.
The focus of the studies’ perspectives included hospitals [26, 32,
29], healthcare services [30, 39], healthcare providers [27], payers
[31], social security institutions [31] and broader perspectives such
as the NHS and personal social services [25, 28]. One study [33] did
not explicitly mention its perspective. The studies utilised various
sources of effectiveness data, including randomised clinical trials
[27,28, 32, 36], literature reviews [ 25, 31, 35, 39], cohort studies [29]
and patient databases [26, 30, 33].

3.4 | Economic Evidence on Anaemia Treatment
Strategies

3.4.1 | Anaemiain Chronic Diseases and Inherited
Disorders

Two studies addressed anaemia in the context of chronic dis-
ease [25, 32]. The first, a UK Health Technology Assessment
(HTA) [25], evaluated erythropoietin for chemotherapy-induced
anaemia in cancer patients. Based on a systematic review, the
study found a QALY gain of 0.07 (CI 95%: —0.278 to 0.433)
and a relative risk of transfusion of 0.62 (95% CI: 0.46 to 0.84),
implying a 38% reduction in transfusion probability compared to
standard care (see Table 5). However, the intervention increased
costs differentials per patient by £1829.77 for erythropoietin
alpha (rising to £3087.58 for erythropoietin beta), placing its
cost-effectiveness near or above the £20,000-£30,000 per QALY
threshold used by NICE. Moreover, there was uncertainty around
value for money given the wide confidence intervals reported for
QALYs gains (see Table 5).

The second study [32], a cost-utility analysis conducted in France
and Spain, compared restrictive versus liberal transfusion strate-
gies in anaemic patients with acute myocardial infarction (AMI),
based on SIT trial [37] data (n = 648). The restrictive approach was
associated with uncertain cost savings per patient of —£1,149 (95%
CIL: —£1426.67 to £3830.24) and reduction in hospital stay of —0.7
days (95% CI: —2.14 to 0.74). QALY gains were also minimal and

uncertain, 0.006 (95% CI: —0.056 to 0.046), while transfused units
decreased by —0.4 units (95% CI: —0.62 to —0.18) (see Table 5).
These findings align with those of the MINT trial, which showed
no significant difference in 30-day mortality between strategies
[38, 39]. The study highlights that the restrictive strategy may
offer modest cost savings and efficiency in short-term patient
management, but the residual risks and uncertain long-term
effectiveness highlight the need for further research.

3.4.2 | Management of Anaemia in ICU Settings
Anaemia affects about 66% of ICU patients, making it the most
common hematologic condition in this setting [40]. Two of the
selected studies [28, 27] focused on anaemia treatments during
ICU hospitalisation.

The first, a UK-based HTA [28], compared fresher red blood cells
(RBCs) (stored <7 days) with standard-aged RBCs in critically ill
patients (n = 100 per group). There were uncertainties around
the differences for the fresher RBC strategy, both in terms of
costs, —£278.61 (95%CI 5881.0 to 5325.0), and improvement in
QALYs, —0.01 (95%CI —0.078 to 0.057) (see Table 5). As such, the
intervention was deemed less likely to be cost-effective.

The second, an Australian cost-utility analysis [27], based on
the TRANSFUSE trial [41], evaluated short-term versus long-
term RBC storage in 4994 ICU patients. Transfusing short-term
stored RBCs yielded uncertainty in both cost savings per patient
(AUD —2,358; —£1,838.12 [95% CI: —£4,354.42 to £554.24]) and
QALYs, 0.003 (95% CI: —0.003 to 0.008) (see Table 5). These
uncertainties limited the strength of evidence for its cost-
effectiveness.

3.4.3 | Preoperative and Postoperative Anaemia
Management

Perioperative anaemia is associated with increased complications
and longer hospital stays. Seven studies evaluated preoperative
anaemia management interventions [30, 31, 33, 35, 29, 39].

A Spanish observational CEA study [29] using cohort data
[42] on 52 patients undergoing knee arthroplasty reported that
preoperative optimisation with intravenous ferric carboxymaltose
(FCM) reduced transfusion rates by —0.41 units (95% CI: —0.58
to —0.24) but increased costs by $348 (£288.40 [95% CI NA])
(see Table 5). While clinical outcomes, such as relative risk of
transfusion (RR = —0.41 [95% CI: —0.58 to —0.24]) improved, the
absence of QALY data limited the assessment of cost-effectiveness
(see Table 5).

Similarly, a US CMA study [33] found that preoperative erythro-
poietin alpha reduced transfusion needs by 41.0 percentage points
(95% CI: —58.0% to —24.0%) in patients undergoing THA or TKA,
though it increased costs by $303.80 (adjusted £288.40; [CI95%
NA]) per patient. Again, QALYs were not reported.

A Turkish CEA [31] reported savings for orthopaedic and
CABG surgeries following intravenous iron treatment, with fewer
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adverse events and reduced need for transfusion (see Table 5).
However, the study also lacked statistical comparisons and QALY
data [31].

An Australian CEA study [30] involving 680 patients undergoing
elective colorectal surgery found preoperative anaemia screening
and FCM use, reduced risk of transfusion by 6.5% (95% CI: —11.3
to —1.7), with a cost saving of AUS $2,974.0 (—£1,540.30 [95%CI
—£2,821.66 to —£259.06]). Again, the overall cost-effectiveness
could not be determined due to missing QALY data.

By using representative secondary data from the German DRG
database, a CMA study [39] highlighted €1849.26 (—£1,862.48;
CI95% NA) in savings through reduced transfusions, lower
mortality and shorter stays. Similarly, a German CBA study
[35] utilised findings from a meta-analysis, which reported that
PBM’s widespread implementation— including the diagnosis
of preoperative anaemia, treatment with intravenous iron, cell
salvage and rational transfusion—reduced transfusions (RR 0.61
[95% CI: 0.55 to 0.68]), decreased blood use by 0.43 units (95%
CIL: —0.54 to —0.31) per patient, shortened hospital stays by an
average of 0.45 days (CI95% NA) per patient, and achieved €105.73
(£106.49; [CI95% NA]) in savings (see Table 5). Again, despite
these promising clinical and economic benefits, further data and
analyses are required to evaluate long-term cost-effectiveness.

Finally, a US cost-effectiveness analysis in urogynecological
surgery assessed routine preoperative type and screen (T&S)
versus no T&S using O-negative blood. The base case assumed
a 1.26% transfusion probability and a transfusion reaction rate of
0.0013% with T&S versus 0.4% without it. With a negligible QALY
gain (<0.00001 [CI95% NA]) and an added cost of $13.40 (£10.35;
CI95% NA), T&S was not cost-effective (see Table 5). Sensitivity
analysis showed cost-effectiveness only if the transfusion reaction
risk exceeded 12%, far above reported rates.

3.5 | Economic and Clinical Evidence From the
Hierarchical Decision Matrix

The Hierarchical Decision Matrix (HDM) (see Table 5 and
Figure S1) provided a structured framework to assess the cost-
effectiveness of anaemia management strategies, incorporating
clinical and economic outcomes such as relative risk of trans-
fusion (RRT), incremental blood use, hospital length of stay,
costs, mortality rates and QALYs. Given the marked heterogeneity
in interventions, study populations and outcome reporting, the
HDM approach facilitated a more consistent comparison of
findings across a diverse set of studies, while also highlighting
important gaps and inconsistencies across studies. [43-45]

Restrictive transfusion strategies consistently emerged as cost-
saving interventions, reducing blood use and hospital stay
without compromising patient outcomes. Two of the selected
studies [32, 35] demonstrated cost savings and lower transfusion
risks, reinforcing the endorsement of restrictive strategies. How-
ever, uncertainty remains in acute myocardial infarction (AMI)
patients, where conflicting evidence from the REALITY [46] and
MINT trials [38, 39] suggests that some subgroups may benefit
from a more liberal approach.

ESAs consistently yielded higher costs with limited clinical
benefits. Erythropoietin therapies such as alpha, beta, theta and
zeta variants were associated with substantial per-patient cost
increases (ranging from £1829 to £3087) [25] and only modest
reductions in transfusion risk (e.g., RR 0.62, 95%CI: 0.46-0.84).
Gains in QALYs were small (0.00 to 0.07) and subject to wide
uncertainty. Given their high acquisition cost and limited impact
on long-term outcomes, ESAs are unlikely to be cost-effective as
a routine strategy for anaemia management in most settings.

Iron supplementation showed mixed evidence on cost-
effectiveness. While oral iron has previously been associated
with cost savings (as reported in NICE NG24) [47], results for
intravenous iron were variable. One study reported increased
costs (£1064 per patient) [29] despite reduced transfusion
rates, while others demonstrated modest savings and fewer
transfusions in perioperative and surgical settings. Evidence
from recent evaluations [30, 31] suggests that iron therapy
may form a valuable component of multimodal anaemia
management, yet the lack of robust QALY data and inconsistent
economic outcomes limits firm conclusions on long-term
cost-effectiveness.

Fresh versus standard RBC transfusion strategies showed no
clear cost or clinical advantage. While one study [27] reported
minor cost savings with fresher RBCs, another [28] found higher
costs and longer hospital stays. Given this, standard RBC storage
policies remain the more pragmatic and cost-neutral strategy for
most healthcare systems.

Patient Blood Management (PBM) strategies, particularly preop-
erative anaemia screening and treatment, emerged as the most
promising approach in most studies. Selected papers [31, 35, 39]
demonstrated cost savings and reduced transfusion rates, making
PBM a potentially cost-effective alternative to routine transfu-
sion. However, while transfusion risk and resource use were
consistently reduced, most PBM studies lacked QALY estimates,
which prevented a full economic evaluation against international
willingness-to-pay thresholds. Future research should therefore
prioritise standardised utility measurement and modelling of
long-term outcomes.

Several entries in the HDM matrix are marked as ‘weak evidence’
(see Table 5), suggesting non-significant results, a lack of formal
testing, or reliance on uncontrolled before-and-after and cohort
studies. While such studies may suggest promising trends (e.g.,
reduced transfusion rates or costs) or lower costs, they are
limited by confounding, selection bias or short-term horizons.
They should be considered with caution and serve primarily to
highlight areas that require more rigorous evaluation, rather than
providing definitive evidence of cost-effectiveness.

4 | Discussion

This review systematically assesses recent economic and clinical
evidence on anaemia treatments, including blood transfusions,
addressing gaps highlighted by previous narrative reviews. Our
analysis specifically focused on studies from OECD countries
published since the last NICE blood transfusion guideline NG24
in 2015, enhancing its direct relevance to UK healthcare. In
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addition, to further improve clarity and applicability, included
studies were assessed using the NICE checklist for UK relevance.
The review thus identifies newly published studies, summarises
findings in a structured and policy-relevant manner, and clearly
highlights evidence gaps to guide future healthcare decisions both
from the UK setting and broader.

A total of 11 studies were identified and analysed as relevant
for the anaemic population. While the literature has expanded,
the findings overall present a mixed picture regarding cost-
effectiveness. Some interventions showed clinical benefits and
potential cost savings, whereas others resulted in higher costs
without clear evidence of improved outcomes. Furthermore, the
absence of QOL data and comprehensive CUAs limits the ability
to draw definitive conclusions. This underscores the need for
further research to evaluate the long-term economic and societal
impacts of these.

For example, erythropoietin for chemotherapy-induced anaemia
modestly improved QOL and reduced transfusion needs, but it
increases costs substantially (£1829.77 per patient), and a lack of
evidence on survival benefits limits its cost-effectiveness assess-
ment. While ESAs [25] may benefit select populations, their high
costs and risks (e.g., thromboembolic events) necessitate cautious
implementation aligned with cost-effectiveness thresholds.

A number of identified studies included economic evaluations
of different transfusion thresholds [13]. Most studies found no
significant benefit in using higher haemoglobin thresholds for
transfusion, supporting the case for lower thresholds. Some
trials also noted economic advantages, such as reduced hospital
costs and transfusion dependency. For example, the REALITY
trial on acute myocardial infarction patients demonstrated that
thresholds are clinically non-inferior to liberal strategies while
achieving an 84% probability of cost savings [32]. However, a later
trial (MINT) reported a possible benefit for higher thresholds in
this population [48].

In addition, using blood transfusions to prevent silent cerebral
infarcts in sickle cell anaemia (SCA) patients, while increasing
costs, resulted in reduced transfusion requirements and shorter
hospital stays. These long-term benefits may suggest potential
cost-effectiveness despite the higher initial costs, but it depends
on confirming the improvement in the outcome. These findings
indicate a need for further research into alternative therapies and
long-term outcomes for chronic anaemia management.

Managing anaemia in ICU patients poses unique challenges,
especially regarding the use of fresher RBCs. This review indicates
that while some studies show minor outcome improvements
with fresher RBCs, the benefits do not justify the increased
costs. The selected studies [28, 27] indicate that fresher RBCs do
not significantly improve outcomes or cost-effectiveness. These
findings suggest that fresher or short-term storage RBCs may not
be a cost-effective strategy for critically ill patients, emphasising
the need for further research into alternative treatments.

Perioperative anaemia is a known risk factor for higher trans-
fusion needs, complications and longer hospital stays [49].
Improving haemoglobin levels may improve outcomes. Our
selected studies found that preoperative intravenous iron therapy

reduced transfusion rates and improved QALYs in knee arthro-
plasty patients despite higher initial costs [29]. In contrast, we
also noted that while preoperative erythropoietin alpha lowered
postoperative transfusion needs, it was not cost-saving and lacked
QALY data for cost-effectiveness analysis [33]. These studies
highlight the potential benefits of preoperative interventions,
although the economic advantages remain unclear.

PBM strategies, including preoperative screening and treatment
of anaemia [30, 31, 35, 39] (using intravenous FCM [30, 31, 35,
39], rational transfusion [35], and cell salvage) [35], and routine
preoperative type and routine transfusion in urogynecological
surgery and routine transfusion if needed [26], have shown
mixed evidence regarding their cost-effectiveness in managing
perioperative anaemia, though some studies promise cost sav-
ings alongside clinical benefits. Selected studies [30, 31, 34,
35] demonstrated the economic and clinical benefits of PBM.
While PBM strategies promise to improve clinical outcomes, all
studies highlighted cost savings and demonstrated potential for
cost-effectiveness.

Our findings align with those of a previous literature review
[50]. The network meta-analysis of 393 RCTs found that PBM
interventions reduced transfusion rates but showed no effect on
key clinical outcomes such as mortality or major morbidity and
offered limited evidence of cost-effectiveness.

4.1 | Alignment With NICE Guidelines: Key
Insights

The findings from this review generally align with several key
recommendations from the NICE NG24 guideline [13]. However,
gaps remain in the economic evidence, particularly for certain
patient groups and emerging interventions.

Restrictive Transfusion Strategies: Our evidence reaffirmed NICE
NG24’s recommendation of the cost-effectiveness of restrictive
transfusion thresholds, showing that using lower haemoglobin
triggers can reduce costs without compromising clinical out-
comes [13]. However, NICE may yet consider guidance on the
optimal transfusion threshold for AMI patients, as conflicting
findings from the REALITY and MINT trials suggest that some
patient subgroups may benefit from a more liberal approach [32].

Erythropoiesis-Stimulating Agents (ESAs): NICE does not cur-
rently recommend ESAs for routine anaemia management due to
concerns about high costs and limited cost-effectiveness [13]. The
findings from this review reinforce this standpoint, indicating
that while erythropoietin may reduce transfusion needs, its high
costs and uncertainty around QALY benefits make it less likely to
be a cost-effective solution in these cases [25].

Iron Supplementation: NICE endorses preoperative iron therapy,
particularly FCM, for managing anaemia before surgery [13].
This review supports that recommendation but also highlights
that definitive cost-effectiveness data remain limited. [29] Fur-
ther economic evaluations are needed to determine whether
intravenous iron consistently improves long-term outcomes and
reduces transfusion dependency.
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Fresh vs. Standard RBCs and other PBM interventions: Cur-
rent NICE guidance does not distinguish between fresher and
standard-aged RBCs for transfusions [13]. The findings of this
review suggest that fresher RBCs offer no significant cost-
effectiveness advantage, reinforcing the current NICE position
that standard-aged RBCs are equally effective and more econom-
ical. While PBM interventions (i.e., incorporating strict trans-
fusion thresholds and careful blood component management
throughout all surgical phases) demonstrated cost savings in
cardiovascular surgeries, their overall cost-effectiveness remains
uncertain. In contrast, an evaluation of routine preoperative
type and screen (T&S) in urogynecological surgery found that
lowering transfusion and transfusion reaction rates does not
make universal preoperative T&S cost-effective. Hence, further
research is needed to assess its long-term economic and clinical
impact.

4.2 | Limitations

This review offers important insights into the economic eval-
uations of anaemia management interventions, but it also has
several limitations. The number of UK-specific studies is limited,
which may not accurately reflect the nuances of the NHS system.
However, the inclusion of international studies provides valuable
broader perspectives.

Many studies have small sample sizes, which affects the gener-
alizability of the findings. The absence of confidence intervals in
some studies made it difficult to conduct a robust meta-analysis,
leading us to rely on descriptive assessments instead.

Another key limitation of this review is the inconsistent report-
ing of QALYs and ICERs across included studies. While some
evaluations provided robust cost-utility analyses, many reported
only intermediate outcomes (e.g. transfusion rates, hospital costs)
without linking them to utility gains. This limited the ability to
apply standard cost-effectiveness thresholds and restricted cross-
study comparability. In addition, the exclusion of low-quality
studies from synthesis—though methodologically justified—may
have reduced the breadth of evidence considered.

Furthermore, most studies focus on short-term outcomes, such
as hospital stay duration or immediate transfusion needs, which
overlook potential long-term benefits. To enhance the under-
standing of cost-effectiveness, further research is needed, partic-
ularly in the UK, which includes long-term economic evaluations
and considers QoL outcomes and a wider range of perspectives.

Despite these limitations, this review provides valuable insights
that can inform decision-making in anaemia management.
Addressing these concerns in future studies will help strengthen
the evidence base in this area.

5 | Conclusion

The results of this review highlight the potential of cost-effective
alternatives to blood transfusions, such as restrictive transfu-
sion strategies and most patient blood management strategies,
including anaemia treatment and strict transfusion thresholds,

to optimise anaemia care. These interventions can reduce trans-
fusion dependency, improve patient outcomes and generate cost
savings, aligning with and extending UK national guidelines.

However, gaps remain in economic evaluations, particularly in
long-term outcomes, productivity costs and UK-specific data.
Future research should incorporate a wider healthcare perspec-
tive and would benefit from the use of a standardised framework
for assessing anaemic management to allow reliable comparisons
to be drawn. Addressing these gaps is essential to guide policy
and ensure sustainable, effective anaemia management strategies
within the NHS. Integrating evidence-based approaches will
enhance resource utilisation and patient care across diverse
populations.

Author Contributions

H. Farabi and F. Tomini contributed to the study selection, data extraction,
analysis, and drafting of the paper. All authors contributed to the further
development and refinement of the final version.

Acknowledgements

The authors want to express our gratitude to Carolyn Doree (University
of Oxford) for her assistance in refining the search strategies and running
the searches.

Ethics Statement

The authors have nothing to report.

Consent

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data supporting the findings of this study are available from the
corresponding author upon reasonable request.

References

1. C. J. Murray, A. Y. Aravkin, P. Zheng, et al., “Global Burden of 87
Risk Factors in 204 Countries and Territories, 1990-2019: A Systematic
Analysis for the Global Burden of Disease Study 2019,” Lancet 396, no.
10258 (2020): 1223-1249.

2. WHO, The Global Prevalence of Anaemia in 2011 (World Health
Organization, 2015).

3. W. M. Gardner, C. Razo, T. A. McHugh, et al., “Prevalence, Years Lived
With Disability, and Trends in Anaemia Burden by Severity and Cause,
1990-2021: Findings From the Global Burden of Disease Study 2021,”
Lancet Haematology 10, no. 9 (2023): e713-e734, https://doi.org/10.1016/
$2352-3026(23)00160-6.

4. H. Abdel-Razeq and H. Hashem, “Recent Update in the Pathogenesis
and Treatment of Chemotherapy and Cancer Induced Anemia,” Critical
Reviews in Oncology/Hematology 145 (2020): 102837, https://doi.org/10.
1016/j.critrevonc.2019.102837.

5. K. E. Altemose and M. A. Atkinson, "Anemia,” in Evidence-Based
Nephrology, ed. J. C. Craig, D. A. Molony, and G. F. M. Strippoli (John
Wiley & Sons, 2022), 379-398.

24 of 26

eJHaem, 2025


https://doi.org/10.1016/S2352-3026(23)00160-6
https://doi.org/10.1016/j.critrevonc.2019.102837

6. C. Bozzini, F. Busti, G. Marchi, et al., “Anemia in Patients Receiving
Anticancer Treatments: Focus on Novel Therapeutic Approaches,” Fron-
tiers in Oncology 14 (2024): 1380358, https://doi.org/10.3389/fonc.2024.
1380358.

7.J. Olaniyi. "Blood Transfusion Reactions,” in Blood Groups, ed. A.
Tombak (IntechOpen, 2019).

8. C. G. Koch, L. Li, A. I. Duncan, et al., “Morbidity and Mortality Risk
Associated With Red Blood Cell and Blood-Component Transfusion in
Isolated Coronary Artery Bypass Grafting*,” Critical Care Medicine 34, no.
6 (2006).

9. B. Clevenger and A. Kelleher, “Hazards of Blood Transfusion in Adults
and Children,” Continuing Education in Anaesthesia, Critical Care & Pain
14, no. 3 (2014): 112-118.

10. N. Mehta, M. F. Murphy, L. Kaplan, et al., “Reducing Unnecessary Red
Blood Cell Transfusion in Hospitalised Patients,” BMJ 373 (2021): n830,
https://doi.org/10.1136/bmj.n830.

11. E. A. Stokes, S. Wordsworth, J. Staves, et al., “Accurate Costs of Blood
Transfusion: A Microcosting of Administering Blood Products in the
United Kingdom National Health Service,” Transfusion 58, no. 4 (2018):
846-853, https://doi.org/10.1111/trf.14493.

12. NHS Blodd and Transplant, Price list for 2025 to 2026. Blood and
Components - Cost per Item, (2025), accessed June 1, 2025, https://
hospital.blood.co.uk/components/portfolio-and-prices/.

13. National Institute for Health and Care Excellence, Blood Transfusion.
(NICE Guideline 24), (2015), www.nice.org.uk/guidance/NG24.

14.S. Gao, J. J. Ma, and C. Lu, “Venous Thromboembolism Risk
and Erythropoiesis-Stimulating Agents for the Treatment of Cancer-
Associated Anemia: A Meta-Analysis,” Tumour Biology: The Journal of
the International Society for Oncodevelopmental Biology and Medicine 35,
no. 1 (2014): 603-613, https://doi.org/10.1007/513277-013-1084-5.

15. D. Tomaras, W. Lemay, and G. Tremblay, “Economic Evaluation of
Severe Anaemia: Review-Based Recommendations and a Conceptual
Framework,” EMJ 5, no. 3 (2020): 45-54.

16. M. F. Drummond, M. J. Sculpher, K. Claxton, G. L. Stoddart, and
G. W. Torrance, Methods for the Economic Evaluation of Health Care
Programmes (Oxford, 2015).

17. F. Tomini, H. Farabi, P. Dhiman, et al., “Economic Evaluation of
Blood Transfusion and Blood Management Strategies in Peri-Operative
and Non-Surgical Settings: A Systematic Review of the Evidence From a
UK Perspective,” PROSPERO (2022): CRD42022346634, https://www.crd.
york.ac.uk/PROSPERO/view/CRD42022346634.

18. OECD, "Purchasing Power Parities (PPP)," (2024) , https://www.oecd.
org/en/data/indicators/purchasing-power-parities-ppp.html.

19.J. Nixon, K. S. Khan, and J. Kleijnen, “Summarising Economic
Evaluations in Systematic Reviews: A New Approach,” BMJ 322, no. 7302
(2001): 1596-1598, https://doi.org/10.1136/bmj.322.7302.1596.

20. M. F. Drummond, M. J. Sculpher, K. Claxton, G. L. Stoddart, and G.
'W. Torrance, Methods for the Economic Evaluation of Healthcare Programs
(Oxford University Press 2005).

21. National Institute for Health and Care Excellence (NICE), Guide to
the Methods of Technology Appraisal 2013 (Economic Evaluation Checklist
London: NICE, 2013).

22. P. F. Czempik, J. Herzyk, D. Wilczek, et al., “Cost Reduction in
Blood Transfusions After Implementation of Decision Protocol Based
on Hemoglobin and Anemia Symptoms: A Pre-Post Analysis,” Medical
Science Monitor 30 (2024): €945854, 10.12659/MSM.945854.

23. E. Linn, H. Morrison, M. Sanchez, et al., “Pharmacist-Driven Epoetin
Alfa-epbx Dosing for Hospitalized Patients,” American Journal of Health-
System Pharmacy 80, no. 11 (2023): 687-691, https://doi.org/10.1093/ajhp/
zxad004.

24. M. Tatar, N. Alkis, and C. Yildirim Guclu, “Cost-Effectiveness and
Budget Impact of Comprehensive Anamia Management, the First Pillar

of Patient Blood Management, on the Turkish Healthcare System,”
ClinicoEconomics and Outcomes Research 14 (2022): 415-426, https://doi.
0rg/10.2147/CEOR.S360944.

25. L. Crathorne, N. Huxley, M. Haasova, et al., “The Effectiveness and
Cost-Effectiveness of Erythropoiesis-Stimulating Agents (Epoetin and
Darbepoetin) for Treating Cancer-Treatment Induced Anaemia (includ-
ing Review of TA142): A Systematic Review and Economic Model,” Health
Technology Assessment 20, no. 13 (2016): 1.

26. K. E. Husk, R. Wang, R. G. Rogers, et al., “Is Preoperative Type
and Screen High-Value Care? A Cost-Effectiveness Analysis of Perform-
ing Preoperative Type and Screen Prior to Urogynecological Surgery,”
International Urogynecology Journal 35, no. 4 (2024): 781-791.

27. A. Irving, A. Higgins, B. Ady, et al., “Fresh Red Cells for Transfusion
in Critically Il Adults: an Economic Evaluation of the Standard Issue
Transfusion Versus Fresher Red-Cell Use in Intensive Care (TRANS-
FUSE) Clinical Trial,” Critical Care Medicine 47, no. 7 (2019): e572-
e579.

28. T.S. Walsh, S. Stanworth, J. Boyd, et al., “The Age of BLood Evaluation
(ABLE) Randomised Controlled Trial: Description of the UK-funded Arm
of the International Trial, the UK Cost-utility Analysis and Secondary
Analyses Exploring Factors Associated With Health-Related Quality of
Life and Health-Care Costs During the 12-Month Follow-Up,” Health
Technology Assessment 21, no. 62 (2017): 1-118.

29. M. Basora, A. Pereira, M. Coca, et al., “Cost-Effectiveness Analysis
of Ferric Carboxymaltose in Pre-Operative Haemoglobin Optimisation in
Patients Undergoing Primary Knee Arthroplasty,” Blood Transfusion 16,
no. 5 (2018): 438-442.

30. K. Trentino, H. Mace, K. Symons, et al., “Screening and Treating Pre-
Operative Anaemia and Suboptimal Iron Stores in Elective Colorectal
Surgery: A Cost Effectiveness Analysis,” Anaesthesia 76, no. 3 (2021):
357-365.

31. L. Sanal, S. Giinaydin, and M. Tatar, “Cost-Effectiveness and Budget
Impact Analyses of Patient Blood Management in a Cardiovascu-
lar Surgery Department at Ankara Bilkent City Hospital in Turkey,”
Advances in Therapy 41, no. 2 (2024): 716-729.

32. 1. Durand-Zaleski, G. Ducrocq, M. Mimouni, et al.,, “Economic
Evaluation of Restrictive vs. Liberal Transfusion Strategy Following Acute
Myocardial Infarction (REALITY): Trial-Based Cost-Effectiveness and
Cost-Utility Analyses,” European Heart Journal-Quality of Care and
Clinical Outcomes 9, no. 2 (2023): 194-202.

33. H. Bedair, J. Yang, M. K. Dwyer, et al., “Preoperative Erythropoietin
Alpha Reduces Postoperative Transfusions in THA and TKA but May Not
be Cost-effective,” Clinical Orthopaedics and Related Research®) 473, no.
2 (2015): 590-596.

34. T. Drabinski, K. Zacharowski, P. Meybohm, et al., “Estimating the
Epidemiological and Economic Impact of Implementing Preoperative
Anaemia Measures in the German Healthcare System: The Health
Economic Footprint of Patient Blood Management,” Advances in Therapy
37 (2020): 3515-3536.

35. P. Meybohm, N. Straub, C. Fiillenbach, et al., “Health Economics
of Patient Blood Management: a Cost-benefit Analysis Based on a
Meta-Analysis,” Vox Sanguinis 115, no. 2 (2020): 182-188.

36. P. Hsu, J. C. Gay, C. J. Lin, et al., “Economic Evaluation of Regular
Transfusions for Cerebral Infarct Recurrence in the Silent Cerebral Infarct
Transfusion Trial,” Blood Advances 5, no. 23 (2021): 5032-5040, https://doi.
org/10.1182/bloodadvances.2021004864.

37. I.F. Casella, A. A. King, B. Barton, et al., “Design of the Silent Cerebral
Infarct Transfusion (SIT) Trial,” Pediatric Hematology and Oncology 27,
no. 2 (2010): 69-89, https://doi.org/10.3109/08880010903360367.

38. F. M. Carrier, H. A. Cooper, G. T. Portela, et al., “Anemia Acuity Effect
on Transfusion Strategies in Acute Myocardial Infarction: A Secondary
Analysis of the MINT Trial,” JAMA Network Open 7, no. 11 (2024):
€2442361.

250f 26


https://doi.org/10.3389/fonc.2024.1380358
https://doi.org/10.1136/bmj.n830
https://doi.org/10.1111/trf.14493
https://hospital.blood.co.uk/components/portfolio-and-prices/
https://www.nice.org.uk/guidance/NG24
https://doi.org/10.1007/s13277-013-1084-5
https://www.crd.york.ac.uk/PROSPERO/view/CRD42022346634
https://www.oecd.org/en/data/indicators/purchasing-power-parities-ppp.html
https://doi.org/10.1136/bmj.322.7302.1596
https://doi.org/10.12659/MSM.945854
https://doi.org/10.1093/ajhp/zxad004
https://doi.org/10.2147/CEOR.S360944
https://doi.org/10.1182/bloodadvances.2021004864
https://doi.org/10.3109/08880010903360367

39. J. L. Carson, M. M. Brooks, P. C. Hébert, et al., “Restrictive or Liberal
Transfusion Strategy in Myocardial Infarction and Anemia,” New England
Journal of Medicine 389, no. 26 (2023): 2446-2456.

40. P.F. Czempik and L. J. Krzych, “Anemia of Critical Illness: A Narrative
Review,” Acta Haematologica Polonica 53, no. 4 (2022): 249-257.

41. D. Cooper, Z. McQuilten, and A. Nichol, “Age of Red Cells for
Transfusion and Outcomes in Critically Ill Adults,” New England Journal
of Medicine 377, no. 19 (2017): 1858-1867.

42. M. Basora, M. Ti6, N. Martin, et al., “Should all Patients be Optimized
to the Same Preoperative Hemoglobin Level to Avoid Transfusion in
Primary Knee Arthroplasty?,” Vox Sanguinis 107, no. 2 (2014): 148-152.

43. F. W. Thielen, G. Van Mastrigt, L. T. Burgers, et al., “How to Prepare
a Systematic Review of Economic Evaluations for Clinical Practice
Guidelines: Database Selection and Search Strategy Development (Part
2/3),” Expert Review of Pharmacoeconomics & Outcomes Research 16, no. 6
(2016): 705-721, https://doi.org/10.1080/14737167.2016.1246962.

44.]. Nixon, B. Stoykova, J. Glanville, et al., “Economic Issues in
Evaluations of Health Technology,” International Journal of Technology
Assessment in Health Care 16, no. 3 (2000): 731-742, https://doi.org/10.
1017/50266462300102016.

45. K. Lo, M. Stephenson, and C. Lockwood, “Extending the Hierarchical
Decision Matrix to Incorporate a Dominance Ranking Score for Economic
Systematic Reviews,” MethodsX 7 (2020): 101047, https://doi.org/10.1016/
j-mex.2020.101047.

46. G. Ducrocq, J. R. Gonzalez-Juanatey, E. Puymirat, et al., “Effect of a
Restrictive vs Liberal Blood Transfusion Strategy on Major Cardiovascular
Events among Patients with Acute Myocardial Infarction and Anemia: the
REALITY Randomized Clinical Trial,” Jama 325, no. 6 (2021): 552-560,
https://doi.org/10.1001/jama.2021.0135.

47. P. G. Lidder, G. Sanders, E. Whitehead, et al., “Pre-Operative Oral Iron
Supplementation Reduces Blood Transfusion in Colorectal Surgery—A
Prospective, Randomised, Controlled Trial,” Annals of the Royal College
of Surgeons of England 89, no. 4 (2007): 418-421, https://doi.org/10.1308/
003588407x183364.

48. R. C. Fabiano, L. Melo, A. Nogueira, et al., “Restrictive Versus Liberal
Transfusion Strategies in Acute Myocardial Infarction and Anemia: a
Meta-Analysis and Trial Sequential Analysis,” Arquivos Brasileiros De
Cardiologia 121, no. 9 (2024): €20240158, 10.36660/abc.20240158.

49. L. T. Goodnough, A. Maniatis, P. Earnshaw, et al., “Detection,
Evaluation, and Management of Preoperative Anaemia in the Elective
Orthopaedic Surgical Patient: NATA Guidelines,” British Journal of
Anaesthesia 106, no. 1 (2011): 13-22, https://doi.org/10.1093/bja/aeq361.
50. M. A. Roman, R. G. Abbasciano, S. Pathak, et al., “Patient Blood
Management Interventions Do Not Lead to Important Clinical Benefits or
Cost-Effectiveness for Major Surgery: A Network Meta-Analysis,” British
Journal of Anaesthesia 126, no. 1 (2021): 149-156, https://doi.org/10.1016/j.
bja.2020.04.087.

Supporting Information

Additional supporting information can be found online in the Supporting
Information section.

Supporting Fig Al: Permutation plots summarising findings of
economic evaluations for intervention vs. comparator (numbers in

cells are the number of studies relevant to each permutation).
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