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Abstract
Objectives  For anaemic elective surgery patients, current clinical practice guidelines weakly recommend the routine use 
of iron, but not erythrocyte-stimulating agents (ESAs), except for short-acting ESAs in major orthopaedic surgery. This 
recommendation is, however, not based on any cost-effectiveness studies. The aim of this research was to (1) systematically 
review the literature regarding cost effectiveness of preoperative iron and/or ESAs in anaemic, elective surgery patients and 
(2) update existing economic evaluations (EEs) with recent data.
Methods  Eight databases and registries were searched for EEs and randomized controlled trials (RCTs) reporting cost-effec-
tiveness data on November 11, 2020. Data were extracted, narratively synthesized and critically appraised using the Philips 
reporting checklist. Pre-existing full EEs were updated with effectiveness data from a recent systematic review and current 
cost data. Incremental cost-effectiveness ratios were expressed as cost per (quality-adjusted) life-year [(QA)LY] gained.
Results  Only five studies (4 EEs and 1 RCT) were included, one on intravenous iron and four on ESAs + oral iron. The EE 
on intravenous iron only had an in-hospital time horizon. Therefore, cost effectiveness of preoperative iron remains uncer-
tain. The three EEs on ESAs had a lifetime time horizon, but reported cost per (QA)LY gained of 20–65 million (GBP or 
CAD). Updating these analyses with current data confirmed ESAs to have a cost per (QA)LY gained of 3.5–120 million 
(GBP or CAD).
Conclusions  Cost effectiveness of preoperative iron is unproven, whereas routine preoperative ESA therapy cannot be con-
sidered cost effective in elective surgery, based on the limited available data. Future guidelines should reflect these findings.
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Key Points for Decision Makers 

Routine preoperative erythrocyte-stimulating agents and 
oral iron treatment for anaemia correction in elective 
surgery is likely not a cost-effective procedure, with 
incremental cost-effectiveness ratios of 20–65 million 
per (quality-adjusted) life-year gained (GBP or CAD), 
while the evidence on intravenous or oral iron monother-
apy is too scarce to make strong conclusions.

Based on the limited data available, erythrocyte-stimu-
lating agents combined with iron are likely not an afford-
able alternative to blood transfusions in anaemic elective 
surgery patients. The evidence on cost effectiveness of 
iron monotherapy, whether intravenous or oral, in these 
patients is scarce, and given the lack of demonstrated 
effectiveness, routine use may not be warranted until 
further evidence on effectiveness emerges.

consider the use of short-acting ESAs combined with iron 
in anaemic patients scheduled for major orthopaedic surgery 
[9]. It was acknowledged that there was insufficient evidence 
regarding the long-term effects of ESAs. A research recom-
mendation was therefore formulated to investigate the long-
term effects of ESAs—undesirable effects, optimal dosage, 
co-presence of iron deficiency, and cost effectiveness.

The effectiveness and undesirable effects of erythropoi-
etin (EPO) and/or iron therapy have been investigated by our 
team in separate systematic reviews ([10] and submitted for 
publication). These concluded that intravenous or oral iron 
therapy may not reduce the number of patients transfused 
[10]. Furthermore, ESAs combined with iron therapy proba-
bly reduce the number of patients transfused. When it comes 
to the adverse effects of EPO and/or iron therapy, only very 
low certainty evidence was identified, which means the risk 
profile remains uncertain (submitted for publication).

The aim of this systematic review was to identify robust 
scientific evidence on cost effectiveness of ESAs and/or 
iron therapy, according to the following PICO question: In 
anaemic elective surgery patients (P), is using iron mono-
therapy or ESA+iron therapy (I), compared with not using 
iron monotherapy or ESA+iron therapy (C), cost effective 
(O)? In addition, we updated the identified robust cost-effec-
tiveness analyses using the most up-to-date data on costs 
and effectiveness.

2 � Methods

This systematic review is planned and reported in accord-
ance with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA checklist, Online 
Resource 1, see electronic supplementary material [ESM]). 
See Online Resource 2 for an extended Methods section. No 
a priori published protocol exists.

2.1 � Systematic Review

We included economic evaluations and randomized con-
trolled trials (RCTs) reporting an incremental cost effec-
tiveness ratio (ICER), comparing iron as a monotherapy or 
in combination with ESA, in any dose, duration and for-
mulation to control, in adult elective surgery patients with 
preoperative anaemia [7].

Search strings, consisting of free-text words and index-
ing terms, were designed to search for relevant publica-
tions in eight databases: Medline, The Cochrane Library, 
Embase, Transfusion Evidence Library, ISI Web of Science, 
International Network of Agencies for Health Technology 

1  Introduction

Elective surgery occasionally causes significant blood loss 
[1, 2]. Blood transfusions save lives, but exceptionally are 
associated with adverse events (e.g. Hepatitis C virus infec-
tion: 0.87 per million transfused blood components; trans-
fusion-related acute lung injury: 8.1 per 100,000 transfused 
blood components) [3, 4]. ‘Patient Blood Management’ 
(PBM) is an evidence-based, multidisciplinary approach to 
optimizing the care of patients who might need transfusion 
[5]. PBM encompasses all aspects of patient evaluation and 
clinical management surrounding the transfusion decision-
making process, including the application of appropriate 
indications, as well as minimization of blood loss and opti-
mization of patient red cell mass. PBM thus aims for best 
practice in transfusion medicine and consists of three cor-
nerstones: (1) addressing pre-existing preoperative anaemia, 
(2) minimizing perioperative blood loss, and (3) rational use 
of blood products [6].

Preoperative anaemia is defined by the World Health 
Organisation (WHO) as a haemoglobin level < 13 g/dL for 
males and < 12 g/dL for females [7]. Several approaches to 
address preoperative anaemia exist, including iron supple-
ments in case of iron deficiency and/or erythropoiesis-stim-
ulating agents to increase the production of red blood cells 
[8]. The International Consensus Conference on Patient Blood 
Management (ICC-PBM) of 2018 resulted in a weak recom-
mendation to (1) use iron to correct preoperative iron defi-
ciency anaemia; (2) not routinely use erythrocyte-stimulating 
agents (ESAs) in anaemic elective surgery patients, but to 
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Assessment/Centre for Reviews and Dissemination HTA 
database, ClinicalTrials.gov, and WHO International Clini-
cal Trials Registry Platform. The search was performed on 
November 11, 2020, without restrictions regarding publi-
cation dates or language (Online Resource 3, see ESM). 
Additionally, reference lists and the twenty first ‘related 
citations’ in Medline were screened for additional relevant 
studies. Study authors were contacted to obtain additional 
publications.

Studies were assessed by two reviewers independently 
(BA and HVR) at title/abstract and full-text level, in Eppi-
Reviewer 4.0 [11]. Findings were synthesized narratively 
and meta-analyses were not planned given the anticipated 
heterogeneity in included models’ input variables and 
assumptions. Data were extracted and reporting quality 
was assessed in duplicate (BA and HVR) using the Philips 
reporting checklist for economic evaluations [12]. This 
checklist consists of three main domains: structure, data and 
consistency. Each of these domains contains several signal-
ling questions, resulting in a total of 56 reporting items to 
assess.

Discrepancies between reviewers regarding study selec-
tion, data extraction and quality appraisal were resolved by 
discussion. Where necessary, a third reviewer could be con-
sulted (JL).

2.2 � Additional Sensitivity Analyses

Identified economic evaluations with a lifetime time hori-
zon on the cost effectiveness of EPO and iron [13, 14] were 
updated with recent cost and effectiveness data. Updated 
clinical effectiveness data, proportion of patients transfused 
and number of allogeneic blood units transfused, were based 
on a systematic review that was a part of the same project as 
the current review [10]. Current cost data regarding EPO, 
iron and allogeneic blood products were based on market 
prices obtained through multi-country surveys (Online 
Resource 4, see ESM). Separate sensitivity analyses were 
made with the highest reported costs for EPO and iron and 
lowest reported cost for allogeneic blood products (least con-
servative scenario) and with the lowest reported costs for 
EPO and iron and the highest reported cost for allogeneic 
blood products (most conservative scenario). Additionally, 
we performed a sensitivity analysis with cost data from an 
industry-initiated analysis with extreme values [15]. Other 
data in the models were kept unchanged from the original 
publications, a conservative choice given that the risk of 
transfusion-related adverse events has decreased, and life 
expectancy and treatment costs for patients with transfusion 
transmittable infections (TTI) have improved over the years 
[16–20]. Introducing more recent data on these parameters 
would only further decrease the cost effectiveness of EPO.

3 � Results

3.1 � Results of the Search

A total of 8436 unique records were screened. Seven records, 
reporting on five studies, met our eligibility criteria (Fig. 1). 
These studies are referred to as Basora 2018 [21], Coyle 
1999 [13, 22], Coyle 2000 [22, 23], Craig 2006 [14] and So-
Osman 2014 [24, 25]. A table detailing the excluded studies 
and studies awaiting classification can be found in Online 
Resource 5 (see ESM).

3.2 � Characteristics of Included Studies

Four of the identified studies are full economic evaluations. 
Coyle 1999 [13] and Coyle 2000 [23] are cost-effectiveness 
analyses of preoperative EPO in anaemic patients sched-
uled for orthopaedic and cardiac surgery, respectively. Coyle 
1999 investigated two scenarios: EPO+iron either as a sole 
intervention or as a means to increase the yield of preop-
erative autologous blood donation (PAD). The study used 
300 units/kg EPO, twice per week for 3 weeks, and 300 mg 
oral iron three times per day for 3 weeks. Coyle 2000 inves-
tigated the effects of preoperative EPO, combined with oral 
iron as a means to increase the yield of PAD in anaemic 
elective cardiac surgery patients, who received 300 units/
kg EPO, twice per week for 3 weeks, and 300 mg oral iron 
three times per day for 3 weeks [23].

Craig 2006 [14] described a cost-utility analysis within 
a health technology assessment assessing cost effectiveness 
of preoperative EPO+iron (600 IU/kg EPO, once per week 
for 3 weeks and on the day of surgery, with further unspeci-
fied iron supplementation) in anaemic orthopaedic surgery 
patients.

Basora 2018 [21] described a cost-consequence assess-
ment on the impact of preoperative intravenous (IV) ferric 
carboxymaltose treatment (500–2500 mg, single dose) on 
transfusion rates in orthopaedic surgery, based on a com-
puter simulation model with 20,000 hypothetical patients, 
informed by observational data [26]. The majority of 
patients were assumed to receive tranexamic acid as co-
intervention in both treatment groups.

So-Osman 2014 [24] described a randomized controlled 
trial of preoperative EPO+iron (40,000 IU, once per week 
for 3 weeks and on the day of surgery, and 200 mg oral iron 
three times/day for 3 weeks), compared with no preopera-
tive EPO+iron, with or without perioperative autologous 
reinfusion, in orthopaedic surgery, which coupled an eco-
nomic assessment to its clinical trial results on transfusion 
rates. For the purpose of this study, data from treatment arms 
investigating the impact of perioperative autologous reinfu-
sion were not extracted.
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Costs included in the different studies varied, due to the 
differences in perspective. Basora 2018 [21] and So-Osman 
2014 [24] held a hospital perspective, and therefore only 
included the direct costs for the hospital during patient hos-
pital stay. The studies by Coyle et al. (1999 and 2000) [13, 
23] and Craig et al. [14] all held a broader perspective, tak-
ing the views from national health insurance bodies. The 
studies therefore had a lifetime time horizon, and included 
costs related to adverse events from transfusion (Table 1).

An overview of treatment effects in the studies is shown 
in Table 2. A narrative synthesis is given below.

Basora 2018 estimated that preoperative iron significantly 
reduced the chance of transfusion (relative risk [RR] 0.34, 
95% CI 0.32 to 0.35), based on a hypothetical RCT with 
input from observational data [21].

Three studies investigated the effects of preoperative 
EPO+iron using RCT evidence [13, 14, 24]. So-Osman 2014 
[24] reported a non-significant 31% decrease in red blood 
cell (RBC) use (adjusted mean difference [aMD] − 0.22, 

Fig. 1   PRISMA flow diagram of study selection
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95% CI − 0.5 to 0.05), while this decrease was 58% (MD 
− 0.73) in Coyle 1999 [13] and even 76% (MD − 0.493, 95% 
CI − 0.403 to − 0.583) in Craig 2006 [14].

There was a statistically significantly reduced chance of 
transfusion reported in all three studies, ranging from an 
adjusted odds ratio (aOR) of 0.50 (95% CI 0.35 to 0.75) in 
So-Osman 2014, over an RR of 0.49 (95% CI 0.38 to 0.64) 
in Coyle 1999 to an RR of 0.26 (95% CI 0.2 to 0.35) in 
Craig 2006.

Two studies investigated the impact of preoperative 
EPO+iron in addition to PAD in anaemic orthopaedic or 
cardiac surgery patients [13, 23] and reported a reduction 
in the proportion and mean number of RBC units used per 
patient (58% [MD of − 0.09] in cardiac surgery and 26% 
[MD of − 1] in orthopaedic surgery). This corresponds to a 
statistically significantly decreased chance of transfusion of 
0.56 (95% CI 0.43 to 0.74) in cardiac surgery and 0.36 (95% 
CI 0.15 to 0.88) in orthopaedic surgery.

Three studies included the risk of transfusion-related 
adverse effects and the impact of these events on life expec-
tancy in their analyses [13, 14, 23].

3.3 � Summary of Cost‑Effectiveness Findings

An overview of cost-effectiveness estimates can be found in 
Table 3, and is described narratively below.

3.3.1 � Incremental Cost per Transfusion or RBC Unit 
Transfused Avoided

Incremental cost per transfused patient avoided when using 
IV iron was estimated to be EUR 831, while the incremental 
cost per RBC unit transfused avoided was EUR 405 [21]. 
Cost per transfused patient avoided when using EPO+iron 
was estimated to be EUR 7300 [24] or GBP 2520 [14]. As 
co-intervention to PAD, incremental cost per RBC unit 
avoided of EPO+iron was estimated at CAD 1559 [23].

3.3.2 � Incremental Cost per (Quality‑Adjusted) Life‑Year 
Gained

Base-case analysis
Incremental cost per life-year (LY) gained for preopera-

tive haemoglobin optimization with EPO+iron in orthopae-
dic surgery was estimated to be CAD 66.33 million as a sole 
intervention and CAD 329.28 million as a co-intervention 
to PAD [13]. As co-intervention to PAD in cardiac surgery, 
incremental cost per LY gained was CAD 44.6 million [23].

Craig et al. [14] modelled the impact of transfusion-
related illnesses on patient quality of life by expressing 
cost effectiveness as incremental cost per quality-adjusted 
LY (QALY). Incremental cost per QALY for EPO+iron 

in orthopaedic surgery was estimated to be GBP 21.193 
million.
Sensitivity analyses conducted in the studies

Both Coyle et al. and Craig et al. conducted extensive 
sensitivity analyses [13, 14, 23]. Given the unfavourable 
economic profile, these focussed on scenarios that would 
improve cost effectiveness of EPO+iron.

EPO+iron in orthopaedic patients was most sensitive to 
the assumption to only treat heavy bleeders with an extreme 
efficacy of EPO, higher risks of and costs associated with 
TTI, a lower quality of life with TTI or lower life expectan-
cies with transfusion (utility of zero) [13]. These sensitiv-
ity analyses led to incremental costs per LY gained ranging 
from CAD 3.47 million to CAD 5.16 million.

When EPO+iron would be used to augment PAD in 
orthopaedic patients, the estimate was most sensitive to 
higher risks of and costs associated with TTI, with an esti-
mated incremental cost per LY gained of CAD 4.235 million.

In cardiac surgery patients, where EPO+iron would be 
used to augment PAD, the estimate was most sensitive to 
extreme changes in transfusion requirements (transfusion 
required for all patients not receiving EPO versus none of 
the patients receiving EPO requiring transfusion), higher 
risks of and costs associated with TTI and higher chance of 
transfusion and cost of transfusion, a lower assumed quality 
of life with TTI or lower life expectancies with transfusion 
(utility of zero) or a combination of the latter two scenarios 
[23]. These analyses resulted in incremental cost per LY 
gained ranging from CAD 102,000 to CAD 4.03 million.

Incremental cost per QALY for EPO+iron was most sen-
sitive to a reduction in the cost of EPO from GBP 79.96 to 
GBP 2.96, resulting in an incremental cost per QALY of 
GBP 25,000 or an increase in the cost of allogeneic blood 
from GBP 235 to GBP 2750 per unit, resulting in an incre-
mental cost per QALY of GBP 28,000 [14].

3.4 � Quality Appraisal

The quality of reporting of the individual studies was 
assessed using the Philips checklist and is shown in Online 
Resource 6 (see ESM). A narrative synthesis per domain 
of the Philips checklist is given in Table 4 and briefly sum-
marized below.

Basora et al. use limited observational data from their 
own centre to create a hypothetical RCT, which is used to 
estimate costs associated with preoperative ferric carboxy-
maltose as a means to minimize transfusion rates and RBC 
use [21]. The model has a very limited scope, from which 
the costs and consequences are defensible, but the reliability 
of the data used and the transparency on where data was 
used or rather assumptions were made is limited. For a 
broader healthcare insurer or patient perspective, this study 
provides limited information.
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Coyle 1999 and Coyle 2000 used a rigorous and transpar-
ent methodology to assess cost effectiveness of EPO in addi-
tion to PAD, or EPO compared with no intervention in an 
elective orthopaedic or cardiac surgery population [13, 23]. 
The main limitation to these studies seems to be the ques-
tionable adaptation of systematically gathered data to the 
Canadian context, and the datedness of the studies, which 
cannot take into account new research findings and practi-
cal developments in, for example, surgery, transfusion and 
management of transfusion transmittable disorders.

Craig 2006 is a rigorous and transparent health technol-
ogy assessment of high quality, assessing cost effective-
ness of EPO in an elective orthopaedic surgery population. 

Similarly to the studies by Coyle et al., the main limitation 
is the datedness of the study.

So-Osman et al. related their RCT findings regarding 
the effectiveness of pre-operative EPO to reduce transfu-
sion rate in elective orthopaedic surgery patients to the costs 
associated with treatment [24]. The study does not assess 
the uncertainty of its estimates in any way. For a broader 
healthcare insurer or patient perspective, this study provides 
limited information.

3.5 � Sensitivity Analyses

A source of uncertainty regarding the identified data is that 
the studies with a lifetime time horizon were conducted over 

Table 2   Overview of treatment effects described in the economic analysis studies

95% CI 95% confidence interval, (a)MD (adjusted) mean difference, aOR adjusted odds ratio, EPO erythropoietin, IV intravenous, PAD preop-
erative autologous blood donation, RBC red blood cell, RCT​ randomized controlled trial, RR relative risk

References Outcome Intervention group Control group Effect size

Preoperative IV iron vs no preoperative iron
 Basora [21]
Orthopaedic surgery, hypo-

thetical RCT based on 
cohort studies

Total number of RBC units 
transfused for 10,000 
patients

4341 13,336 77.5% decrease

Proportion of patients trans-
fused

2212/10,000 (22.1%) 6595/10,000 (65.9%) RR: 0.34
95% CI 0.32 to 0.35 (43.8% 

decrease)
Preoperative EPO + oral iron vs no preoperative EPO + oral iron
 So-Osman [24]
Orthopaedic surgery, single 

RCT​

Mean number of RBC units 
transfused per patient

0.5 ± 2.1 (n = 339) 0.71 ± 1.6 (n = 344) aMD: − 0.22
95% CI − 0.5 to 0.05 (30.5% 

decrease)
Proportion of patients trans-

fused
54/339 (16%) 89/344 (26%) aOR: 0.5

95% CI 0.35 to 0.75 (10% 
decrease)

 Coyle [13]
Orthopaedic surgery, system-

atic review of RCTs

Mean number of RBC units 
transfused per patient

0.54 (n = 248) 1.27 (n = 145) MD: − 0.73
(57.5% decrease)

Proportion of patients trans-
fused

80/439 (18.2%) 92/245 (37.6%) RR: 0.49
95% CI 0.38 to 0.64 (19.4% 

decrease)
 Craig [14]
Orthopaedic surgery, single 

RCT selected from a sys-
tematic review

Mean number of RBC units 
transfused per patient

0.15 ± 0.23 (n = 458) 0.65 ± 0.67 (n = 253) MD: − 0.49
95% CI − 0.40 to − 0.58 (76% 

decrease)
Proportion of patients trans-

fused
55/460 (12%) 107/235 (46%) RR: 0.26

95% CI 0.2 to 0.35
(34% decrease)

Preoperative EPO + oral iron + PAD vs PAD
 Coyle [13]
Orthopaedic surgery, system-

atic review of RCTs

Mean number of RBC units 
transfused per patient

0.26 (n = 267) 0.35 (n = 173) MD: − 0.09
(25.7% decrease)

Proportion of patients trans-
fused

77/493 (15.5%) 88/332 (26.5%) RR: 0.56
95% CI 0.43 to 0.74 (11% 

decrease)
 Coyle [23]
Cardiac surgery, systematic 

review of RCTs

Mean number of RBC units 
transfused per patient

0.74 (n = 154) 1.74 (n = 70) MD: − 1
(58% decrease)

Proportion of patients trans-
fused

18/154 (11.6%) 25/70 (35.7%) RR: 0.36
95% CI 0.15 to 0.88 (24.1% 

decrease)
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a decade ago [13, 14]. Therefore, we updated the analyses 
with more recent data regarding the effects of EPO+iron 
treatment on utilization of blood products [10] and costs of 
EPO, iron and blood products (Online Resource 4, see ESM). 
Coyle 2000 is also an economic evaluation with a lifetime 
time horizon, but used EPO+iron as a co-intervention to 
PAD, which is no longer routinely used [23]. Therefore, this 
model could not be updated with current data. An overview 
of the adaptations can be found in Table 5. The sensitivity 
analyses result in estimated costs per (quality-adjusted) LY 
gained ranging from GBP 3.49 million, or EUR 3.07 million, 
per QALY gained to CAD 120.14 million, or EUR 77.52 
million per LY gained (Online Resource 7, see ESM). These 
numbers do not differ materially from the original estimates 
of GBP 21.19 million per QALY gained [14] or CAD 66.33 
million per LY gained [13].

4 � Discussion

The conclusions from the International Consensus Confer-
ence on PBM acknowledge the uncertainty regarding cost 
effectiveness of EPO+iron therapy [9]. Although devel-
oped using the GRADE Evidence-to-Decision framework, 
of which cost effectiveness is an important aspect, cost 
effectiveness was not considered during formulation of 
recommendations for clinical practice [27]. To address this 
shortcoming, a research recommendation was formulated 
to address the uncertainty regarding cost effectiveness of 
EPO and iron therapy, which initiated this systematic review.

This systematic review was able to identify only five 
studies that investigated cost effectiveness of preopera-
tive anaemia treatment in elective surgery patients. Since 

only one study looked into cost effectiveness of IV iron 
monotherapy, and this study had a limited time horizon (in-
hospital only), cost effectiveness of IV iron administration 
remains unclear due to lack of data [21]. The study reported 
a cost of EUR 405 per RBC unit transfused or EUR 831 per 
transfused patient avoided. In addition, several studies on 
costs associated with preoperative IV iron monotherapy in 
elective surgery patients did not meet the selection criteria 
of this review (not reporting an ICER, only a minority of 
patients treated with iron) [28–30]. These studies conclude 
that preoperative IV iron could be a dominant intervention 
(both effective and cost saving). The main reason why these 
conclusions differ from Basora et al. seems to be the limited 
scope of Basora et al.’s model, which only considers costs 
directly related to haemoglobin optimization, and therefore 
not costs associated with transfusion (cost of blood products 
and potential impact of transfusion on length of stay). In 
contrast, the reduction in costs associated with blood trans-
fusion are the main drivers of the cost savings reported by 
Froessler et al. and Trentino et al. [28–30]. However, given 
the uncertainty regarding the effectiveness of preoperative 
IV iron for anaemia correction [10], any conclusion regard-
ing cost effectiveness remains speculative.

Four studies on cost effectiveness of preoperative EPO 
in combination with oral iron administration were identified 
[13, 14, 23, 24]. Three of these studies were full economic 
evaluations with a lifetime time horizon [13, 14, 23]. Despite 
different contexts (North America versus Europe), patient 
populations (coronary versus orthopaedic surgery patients) 
and co-interventions (PAD vs none), the overall conclusions 
of these assessments were similar: routine use of preopera-
tive EPO and oral iron to correct anaemia in elective surgery 
patients cannot be considered cost effective, with costs per 

Table 3   Overview of cost-effectiveness estimates

CAD Canadian dollars, EPO erythropoietin, EUR Euro, GBP pounds sterling, M million, PAD preoperative autologous blood donation, QALY 
quality-adjusted life-year, RBC red blood cell

References Outcome Base-case analysis Range of sensitivity analyses

Ferric carboxymaltose vs standard care in orthopaedic surgery
 Basora [21] Incremental cost per transfusion avoided EUR 831 EUR 606 to EUR 6894

Incremental cost per allogeneic RBC unit transfused avoided EUR 405 EUR 296 to EUR 16,465
EPO + iron vs standard care in orthopaedic surgery
 Craig [13] Incremental cost per transfusion avoided GBP 2520 N/A
 So-Osman [24] EUR 7300 N/A
 Coyle [13] Incremental cost per life-year gained CAD 66.33M CAD 3.47M to CAD 54.22M
 Craig [14] Incremental cost per QALY gained GBP 21.193M GBP 25,000 to GBP 21.061M

EPO + iron + PAD vs PAD in orthopaedic surgery
 Coyle [13] Incremental cost per life year gained CAD 329.28M CAD 4.235M to CAD 295.95M

EPO + iron + PAD vs PAD in cardiac surgery
 Coyle [23] Incremental cost per allogeneic RBC unit transfused avoided CAD 1559 N/A

Incremental cost per life-year gained CAD 44.6M CAD 102,000 to CAD 473M
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Table 4   Summary of the quality and applicability of the included studies, according to the elements of the Philips checklist

Refer-
ences

Element Assessment

Basora 
[21]

Structure The objective of the model, to investigate cost effectiveness of Hb optimization by using ferric 
carboxymaltose as a single treatment modality, is clearly defined

The model uses data from relatively small cohorts of patients to perform a computer-simulated 
RCT of 20,000 hypothetical patients, which limits our confidence in the used treatment estimates

The model takes a hospital perspective and limits its time horizon to time in hospital. It focuses 
on minimization of blood use. Given this, the considered costs and consequences are considered 
appropriate. However from a healthcare insurer’s or patient’s point of view, this model is fairly 
limited, given the potential long-term impact of the intervention on patient outcome and costs 
associated with this

The rationale for the model’s structure, including pre-operative Hb levels, tranexamic acid use and 
ASA score is appropriate. Considerations are made explicit, but are sometimes (i.e. propor-
tion of patients receiving tranexamic acid, proportion of patients with a certain ASA score, 
relationship between receiving/not receiving tranexamic acid and transfusion probability) not 
explained (are these assumed or based on data?)

• Statement of decision prob-
lem/objective

• Statement of scope/perspec-
tive

• Rationale for structure
• Structural assumptions
• Strategies/comparators
• Model type
• Time horizon
• Disease states
• Cycle length

Data
• Data identification
• Data modelling
◦ Baseline data
◦ Treatment effects
◦ Costs
◦ Quality of life weight (utili-

ties)
• Data incorporation
• Assessment of uncertainty
◦ Methodological
◦ Structural
◦ Heterogeneity
◦ Parameter

The methods used for identification of clinical data used in the model are not fully transparent. 
Where sources of data are described, these originate from small-scale observational research 
rather than systematic literature reviews of RCTs, which limits our confidence in the treatment 
effects used in the model

Data sources from the costs used in the model are clearly described. Given the short time horizon, 
discounting methods are not necessary

The incorporation of data in the model is transparent and appropriate, but structural, methodo-
logical uncertainty and heterogeneity are not taken into account

Consistency
• Internal consistency
• External consistency

The authors use sensitivity analyses regarding costs associated with outpatient visits and the 
probability of transfusion to assess the internal consistency of their model. The authors did not 
use independent data to test the external consistency of their model, but state that their sensitiv-
ity analyses regarding blood transfusion probabilities improve the external applicability of their 
model

Coyle 
[13]

Structure
• Statement of decision prob-

lem/objective
• Statement of scope/perspective
• Rationale for structure
• Structural assumptions
• Strategies/comparators
• Model type
• Time horizon
• Disease states
• Cycle length

There is a clear statement of the problem and the objectives of this model. The primary decision 
maker profiting from this model, provincial drug plan managers, are explicitly stated

The perspective (healthcare insurer) and time horizon (lifetime) are clearly stated and appropriate. 
As such, incremental cost per life-year gained is a relevantly chosen outcome

The rationale for the structure of the model is explicit and consistent. The sources of data on the 
effects of the interventions compared on blood transfusion, and proportion of potential adverse 
effects of blood transfusions are clearly described

Assumptions made are explicitly stated and acceptable
Potential adverse events related to EPO treatment have not been considered in the model, but as 

these would only further decrease cost effectiveness of EPO, this is acceptable

Data
• Data identification
• Data modelling
◦ Baseline data
◦ Treatment effects
◦ Costs
◦ Quality of life weight (utili-

ties)
• Data incorporation
• Assessment of uncertainty
◦ Methodological
◦ Structural
◦ Heterogeneity
◦ Parameter

The data sources for both clinical and cost items used are informed by systematic literature 
searches and are appropriate, and the generation of baseline data has been described extensively. 
When multiple papers were available to inform model inputs, the choices made were not always 
fully transparent. Furthermore, it can be questioned to what extent the adaptation of data 
retrieved from a systematic review to the Canadian context on solely a chart review of 40 
patients from one hospital is reliable

Reduced utilities for patients living with transfusion-related disorders have not been used (i.e. 
only reduced life expectancy has been taken into account). Sensitivity analyses, however, were 
performed for extreme values

Extensive scenario analyses have been conducted taking into account extreme scenarios in transfu-
sion costs, incidence adverse transfusion reactions and utilities associated with adverse transfu-
sion reactions. What has not been taken into account in sensitivity analyses are costs associated 
with EPO treatment and the impact of different transfusion probabilities

Consistency
• Internal consistency
• External consistency

The study performed extensive sensitivity analyses, demonstrating that the conclusions made 
are internally consistent. External consistency has not been formally evaluated, but may be 
limited for other contexts than the Canadian, given differences in transfusion decisions, life 
expectancies, treatment costs, baseline chances of transfusion transmitted disorders, etc.
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Table 4   (continued)

Refer-
ences

Element Assessment

Coyle 
[23]

Structure
• Statement of decision prob-

lem/objective
• Statement of scope/perspec-

tive
• Rationale for structure
• Structural assumptions
• Strategies/comparators
• Model type
• Time horizon
• Disease states
• Cycle length

There is a clear statement of the problem and the objectives of this model. The primary decision 
maker profiting from this model, provincial drug plan managers, is explicitly stated

The perspective (healthcare insurer) and time horizon (lifetime) are clearly stated and appropriate. 
As such, incremental cost per life-year gained is a relevantly chosen outcome, more than cost per 
allogeneic RBC unit avoided

The rationale for the structure of the model is explicit and consistent. The sources of data on the 
effects of the interventions compared on blood transfusion, and proportion of potential adverse 
effects of blood transfusions are clearly described

Assumptions made are explicitly stated and acceptable
Potential adverse events related to EPO treatment have not been considered in the model, but as 

these would only further decrease cost effectiveness of EPO, this is acceptable

Data
• Data identification
• Data modelling
◦ Baseline data
◦ Treatment effects
◦ Costs
◦ Quality of life weight (utili-

ties)
• Data incorporation
• Assessment of uncertainty
◦ Methodological
◦ Structural
◦ Heterogeneity
◦ Parameter

The data sources for both clinical and cost items used are informed by systematic literature 
searches and are appropriate, and the generation of baseline data has been described extensively. 
When multiple papers were available to inform model inputs, the choices made were not always 
fully transparent. Furthermore, it can be questioned to what extent the adaptation of data 
retrieved from a systematic review to the Canadian context on solely a chart review of 186 
patients from one hospital is reliable

Reduced utilities for patients living with transfusion-related disorders have not been used (i.e. 
only reduced life expectancy has been taken into account). Sensitivity analyses, however, were 
performed for extreme values

Extensive scenario analyses have been conducted taking into account extreme scenarios in transfu-
sion costs, incidence adverse transfusion reactions and utilities associated with adverse transfu-
sion reactions. What has not been taken into account in sensitivity analyses are costs associated 
with EPO treatment and the impact of different transfusion probabilities

Consistency
• Internal consistency
• External consistency

The study performed extensive sensitivity analyses, demonstrating that the conclusions made 
are internally consistent. External consistency has not been formally evaluated, but may be 
limited for other contexts than the Canadian, given differences in transfusion decisions, life 
expectancies, treatment costs, baseline chances of transfusion-transmitted disorders, etc.

Craig 
[14]

Structure
• Statement of decision prob-

lem/objective
• Statement of scope/perspec-

tive
• Rationale for structure
• Structural assumptions
• Strategies/comparators
• Model type
• Time horizon
• Disease states
• Cycle length

The study clearly describes the objective of the model, including the primary decision maker, i.e. 
NHS Scotland

The perspective (healthcare insurer) and time horizon (lifetime) are clearly stated and appropriate. 
As such, incremental cost per QALY is a relevantly chosen outcome

The structure of the model is appropriate and consistent. Data sources for all of the model’s 
components are clearly described and based on published scientific literature. Assumptions were 
made when no data from literature were available, were explicit, and were tested in sensitivity 
analyses

Data
• Data identification
• Data modelling
◦ Baseline data
◦ Treatment effects
◦ Costs
◦ Quality of life weight (utili-

ties)
• Data incorporation
• Assessment of uncertainty
◦ Methodological
◦ Structural
◦ Heterogeneity
◦ Parameter

Data for estimating both effect estimates (both benefits and harms) and costs are derived from 
rigorous systematic literature searches. These data were then adapted to the Scottish context by 
using data on country level, from NHS Scotland. This seems to be appropriate

Utilities were derived from published literature and subject to sensitivity analyses
Uncertainty of the model was assessed using up to seven scenario analyses of extreme adaptations 

of the base case, which take into account all potentially important parameters
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Table 4   (continued)

Refer-
ences

Element Assessment

Consistency
• Internal consistency
• External consistency

Internal validation was shown by multiple scenario analyses, which were shown to adapt the model 
as expected. External consistency has been verified by comparing the study with other existing 
cost-effectiveness analyses, which all make the same qualitative conclusions. Nevertheless, the 
quantitative estimate may have limited external consistency for other contexts than the 
Scottish, given differences in transfusion decisions, life expectancies, treatment costs, baseline 
chances of transfusion-transmitted disorders, etc.

So-
Osman 
[24]

Structure
• Statement of decision prob-

lem/objective
• Statement of scope/perspec-

tive
• Rationale for structure
• Structural assumptions
• Strategies/comparators
• Model type
• Time horizon
• Disease states
• Cycle length

The objective of the analysis and the primary decision maker targeted are not clearly stated
The perspective (hospital) and time horizon (3 months) of the study are reported, which focuses 

on minimization of blood use. The study relates effectiveness outcomes from its own RCT to 
treatment costs, and as such does not involve much modelling. From a healthcare insurer’s or 
patient’s point of view, the analysis is fairly limited, given the potential long-term impact of 
the intervention on patient outcome and costs associated with this

Data
• Data identification
• Data modelling
◦ Baseline data
◦ Treatment effects
◦ Costs
◦ Quality of life weight (utili-

ties)
• Data incorporation
• Assessment of uncertainty
◦ Methodological
◦ Structural
◦ Heterogeneity
◦ Parameter

The effectiveness data used in the model originate from the RCT conducted by the authors, and are 
accompanied by cost data using standard market prices. Given the short time horizon, discount-
ing methods are not necessary. The data sources are therefore reported in a transparent way; how-
ever, there is very limited information about the rationale for including data in the analysis

The analysis does not take into account any uncertainties or assumptions in the estimates 
made, both narratively or via sensitivity analyses

Consistency
• Internal consistency
• External consistency

Verification of internal and external consistency was not considered in this analysis

ASA American Society of Anesthesiologists, QALY quality-adjusted life-year
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(quality-adjusted) LY gained of several millions in the most 
realistic scenario according to the study authors. Impor-
tantly, these economic evaluations focused on transfusion-
related adverse events, and did not take into account any 
potential adverse events of EPO nor iron treatment, making 
these estimates conservative. Extensive sensitivity analyses 
in the models did not result in differing conclusions, except 
for the extreme case scenarios of lowering the market price 
of EPO nearly 400-fold to GBP 2.95 for 10,000 units (cur-
rent mean market price: GBP 1152, Online Resource 4, see 
ESM) or raising the market price of blood nearly 25-fold 
to GBP 2750 per RBC unit (current mean market price: 
GBP 118, Online Resource 4, see ESM). These findings 
illustrate how cost effectiveness is also determined by price 
setting, based on either ‘health economics’ (added value, 
other costs saved for the healthcare system, etc., more typi-
cal for the pharmaceutical sector), versus ‘at cost’ (more 
typical for non-profit organizations). The fourth study was 
a randomized controlled trial with an in-hospital time hori-
zon, which made a similar conclusion, based on a cost of 
EUR 7300 per transfused patient avoided [24].

Several studies on EPO did not meet the eligibility criteria 
of this systematic review (non-anaemic patient population 
or not reporting an ICER) [15, 31–33]. However, the over-
all conclusions from these excluded studies did not differ 
from the included ones, with the exception of one industry-
initiated analysis [15]. Furthermore, additional sensitivity 
analyses from the current study, using more recent data in 
the models of Coyle et al. [13] and Craig et al. [14] and also 
including cost estimates from Tomeczkowski et al. [15], thus 
updating both cost and effectiveness data with more current 
estimates, did not lead to a different conclusion.

The fact that several identified studies expressed incre-
mental cost-effectiveness ratio in terms of (quality-adjusted) 
LYs gained is a strength. In doing so, these studies not only 
consider a lifetime time horizon, taking into account the 
long-term effects of an intervention, but also allow objec-
tive comparison with other health interventions, useful 
from a healthcare system’s point of view. Although there 
is some reluctance to define acceptable ‘threshold values’ 
for cost effectiveness, the National Institute for Health-
care Excellence in the UK, for example, uses thresholds of 
GBP 20,000–GBP 30,000 [34], whereas the Irish Health 
Information and Quality Authority suggests thresholds 
of EUR 20,000–EUR 45,000 per QALY [35]. The World 
Health Organisation suggests using three times gross domes-
tic product per person as a country-specific cut-off point for 
cost-effective healthcare interventions [36]. EPO combined 
with iron therefore cannot be considered cost effective, even 
in the wealthiest countries.

This systematic review has several strengths. Firstly, a 
rigorous methodology has been used to identify, critically 
appraise and analyse the existing data. In doing so, we can 

be confident of having a complete overview of the exist-
ing body of evidence, which seems to be unambiguous 
in its conclusions. Secondly, additional sensitivity analy-
ses using recent data from our own up-to-date system-
atic review on clinical effectiveness of EPO+iron therapy 
[10], and using recent market prices, further validate the 
conclusions made in the identified research. Thirdly, this 
research fills an existing knowledge gap, identified by the 
ICC-PBM meeting, with conclusions that significantly 
alter the guidelines and practice, and impact healthcare 
cost. The findings of this systematic review do not, from a 
cost-effectiveness point of view, reflect the common clini-
cal practice of preoperative anaemia correction with iron 
and/or ESAs [37, 38]. Given the beneficial safety profile 
and relative low cost of blood products [3, 4], any inter-
vention aiming to replace them should be both highly 
effective and low cost.

Despite its strengths, this research has limitations as 
well. The identified body of evidence is sparse, especially 
regarding cost effectiveness of iron therapy, where only one 
paper on IV therapy was identified. Therefore, any conclu-
sion on cost effectiveness of oral or IV iron therapy remains 
speculative. Cost effectiveness of EPO together with oral 
iron therapy was investigated by four studies, which were, 
however, mostly outdated. Despite the additional sensitivity 
analyses we conducted, this remains a source of uncertainty. 
Furthermore, these studies focussed only on orthopaedic or 
cardiac surgery. The cost effectiveness of EPO in other high-
risk surgical procedures (e.g. abdominal surgery) remains 
unproven [39]. In addition, the evaluations were limited to 
transfusion avoidance, and adverse events associated with 
this. Including other clinically important outcomes with a 
large impact on cost (e.g. return to operating theatre due to 
bleeding) would have added value. A full health technology 
assessment with a long-term time horizon on cost effective-
ness of pre-operative EPO and/or iron therapy in anaemic 
elective surgery patients, addressing the current clinical and 
economical context, is warranted for a more precise ICER 
estimate.

5 � Conclusions

Cost-effectiveness of iron monotherapy, whether oral or IV, 
for anaemia correction in elective surgery patients remains 
unclear due to lack of data, whereas EPO and oral iron is 
not found to be cost effective, based on the currently avail-
able data originating from only four studies in orthopaedic 
and cardiac surgery. Future guideline projects should con-
sider these cost-effectiveness data when formulating recom-
mendations on the use of iron and/or ESA therapy to treat 
patients with preoperative anaemia scheduled for elective 
surgery.
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