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Background. Requirements for allogeneic red cell transfusion after total lower limb arthroplasty
are still high (20-50%), and post-operative intravenous iron has been shown to reduce transfusion
requirements for this surgery. We performed a cost analysis to ascertain whether this alternative is
also likely to be cost-effective.

Materials and methods. Data from 182 matched-pairs of total lower limb arthroplasty patients,
managed with a restrictive transfusion protocol and without (control group) or with post-operative
intravenous iron (iron group), were retrospectively reviewed. Acquisition and administration costs
of iron (iron sucrose or ferric carboxymaltose) and allogeneic red cell concentrates, haemoglobin
measurements, and prolonged stay in hospital were used for blood management cost analysis.

Results. Patients in the iron group received 600 mg intravenous iron, without clinically relevant
incidents, and had a lower allogeneic transfusion rate (11.5% vs 26.4% for the iron and control
groups, respectively; p=0.001). The reduction in transfusion rate was more pronounced in anaemic
patients (17% vs 40%; p=0.015) than in non-anaemic ones (9.6% vs 21.2%; p=0.011). There were
no differences with respect to post-operative infection rate. Patients receiving allogeneic transfusion
stayed in hospital longer (+1.9 days [95% CI: 1.2-2.6]). As intravenous iron reduces the allogeneic
transfusion rate, both iron formulations were cost-neutral in the different cost scenarios (—25.5 to 62.1
€/patient for iron sucrose, and —51.1 to 64.4 €/patient for ferric carboxymaltose).

Discussion. In patients presenting with or without pre-operative anaemia, post-operative
intravenous iron after total lower limb arthroplasty seems to be safe and is associated with reduced
transfusion rates, without incremental costs. For anaemic patients, its efficacy could be increased by

associating some other blood-saving method.
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Introduction

Unilateral lower limb arthroplasty (total knee
arthroplasty [TKA] and total hip arthroplasty [THA])
can result in a substantial blood loss (20-40% of the
circulating blood volume). Allogeneic red blood cell
transfusion (ARCT) is frequently used for treating
acute intra- and post-operative anaemia, and 20-50%
of these patients receive at least one unit of red blood
cells'. However, as highlighted by several studies,
there is a large inter-centre variability in the percentage
of patients who receive ARCT when undergoing a
particular orthopaedic surgical procedure. In order to
reduce variability in transfusion practice, scientific
societies have developed evidence-based guidelines
and recommendations on the indications for ARCT>1°.
Although the use of patient-based restrictive transfusion

40

criteria seems to be safe and should be the cornerstone
of any blood conservation programme for orthopaedic
surgery, it is not the only strategy to reduce both the
frequency and volume of ARCT and, consequently,
ARCT-related risks!'!.

In this regard, a recent consensus statement suggested
peri-operative administration of intravenous (IV) iron
in patients undergoing major orthopaedic surgery who
are expected to develop severe post-operative anaemia
(GRADE recommendation 2B)'2. In fact, when used
together with a restrictive transfusion protocol, very short
term peri-operative treatment with IV iron, with or without
recombinant human erythropoietin, was associated with
improvement of peri-operative anaemia lower transfusion
requirements, and faster recovery from post-operative
anaemia in patients undergoing lower limb orthopaedic
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surgery'*'?. However, no formal cost analysis of this
therapeutic option has been performed to date.

The purpose of this study was to examine blood
management costs in a cohort of patients undergoing
TKA or THA for whom a transfusion protocol was
defined and post-operative I'V iron (PIVI) administration
used, and to compare them with those in a matched
cohort of patients managed without PIVI (i.e. ARCT
when appropriate). In addition, we evaluated in which
patients this blood-sparing method is more likely
to produce cost savings, according to the IV iron
compound used, their pre-operative haemoglobin (Hb)
concentration, and the different ARCT rates in patients
managed with each treatment option.

Materials and methods
Patients and surgery

Data from primary TKA or THA patients, who
underwent surgery between January 2004 and December
2011, were retrospectively reviewed. There was no need
of ethical committee approval in this only retrospective
observational study without any modification of
treatment and using only non-identifiable, disaggregated
data, maintaining confidentiality.

All patients underwent surgery using standardised
anaesthetic and surgical protocols, antibiotic and
antithrombotic prophylaxis, transfusion protocols, and
post-operative analgesia. All TKA were performed using
a pneumatic tourniquet, which was deflated after wound
closure. No patient was operated on using minimally
invasive techniques. Closed suction drains, which were

removed on the second post-operative day, were placed
in all operations.

Patients with any contraindication to receiving
IV iron (history of anaphylaxis, iron overload, active
infection, etc) were excluded. Patients presenting with
a pre-operative Hb <10 g/dL were considered at very
high risk of requiring ARCT and were also excluded. No
patient was in an autologous blood donation programme,
received salvaged blood, anti-fibrinolytic agents or
recombinant human erythropoietin, or underwent acute
normovolaemic haemodilution.

Included patients (n=794) were classified into
two groups: the PIVI group if they received PIVI
(n=257) and the control group if they did not receive
PIVI (n=537). Each PIVI patient was matched by
investigators with a control patient, based on the
fulfilment of all of the following criteria: having the
same age (£ 2 years), gender, type of arthroplasty,
surgery time (+10 min), and pre-operative Hb level
(£0.5 g/dL). One hundred and eighty-two matched
pairs were found (Figure 1).

Intravenous iron supplementation

The IV iron formulations used were iron sucrose
(IS, Venofer, Vifor France, Neully-sur-Seine, France),
administered at doses of 200 mg in 100-200 mL saline
over 30-60 min on 3 consecutive post-operative days,
or ferric carboxymaltose (FCM, Ferinject, Vifor France,
Neully-sur-Seine, France), administered as 600 mg
in 100-200 mL saline over 15-30 minutes on the first
morning after surgery.
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arthroplasty arthroplasty
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Figure 1 - Distribution of patients according to group (control or post-operative IV iron administration
[PIVI]), and need for allogeneic red cell transfusion (ARCT).
For patients receiving ARCT, three possible cost scenarios were considered (ALO-1, ALO-2, ALO-3) (see
Methods section for further details). N=number of patients in each subgroup.
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Allogeneic blood transfusion protocol

Although elderly patients may tolerate anaemia
poorly, they were not intended to receive ARCT if their
Hb level was >8 g/dL, unless they developed signs and/or
symptoms of acute anaemia (hypotension, tachycardia,
tachypnoea, dizziness, fatigue, etc)>'°. This transfusion
protocol was uniformly applied by anaesthesiologists
and surgeons to all patients in the operating theatre,
the post-operative care unit, and the ward for the entire
duration of hospitalisation. Only leucodepleted units of
blood were given.

Clinical data

Demographic and clinical data were collected for
all patients. The information collected included age,
gender, type of arthroplasty, surgery time, patients
receiving ARCT (ARCT rate, %), number of allogeneic
red cell units, both total and units per patient (ARCT
index), peri-operative and pre-transfusion Hb levels,
post-operative infection rate and type (urinary tract
infection, respiratory tract infection, surgical wound
infection, or other infection), and length of hospital stay.

Economic data

For the purpose of this study, we considered fixed
and variable costs related to patients' blood management.
All costs were expressed in Euros (€), updated to 2012
according to changes in the consumer price index in
Spain, and included allogeneic red cell acquisition
costs, transfusion service costs, haemoglobin assessment
costs, PIVI acquisition and administration costs and
hospitalisation costs.

Allogeneic red cell acquisition costs. These costs
were obtained from the METIS study, which used a time-
driven activity-based costing (TDABC) methodology to
develop the cost model because of its ability to capture a
wide spectrum of indirect costs and the cost for unused
capacity as well, as detailed elsewhere**?!. These costs
included the facilities, material, equipment and personnel
costs incurred at the Regional Transfusion Centre for
blood collecting on mobile units, blood collecting on
site, blood processing and leucodepletion, serological
and nucleic acid testing, immunohaematology testing,
storage, distribution, and societal cost for donors (Table I).

Transfusion service costs. These included the
facilities, material, equipment and personnel costs
incurred at the hospital blood bank for selecting the red
cell unit, performing cross-matching, and releasing the
unit, and in the hospital orthopaedic ward for bed-side
checking of the patient's blood group, transfusion-giving
set, and transfusing the unit to the patient. These costs
were also obtained using the TDABC methodology. At
our institution, all patients scheduled for TKA have a
type and screening, irrespectively of whether they are
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Table I - Direct supply, operating and hospitalisation
costs associated with leucodepleted allogeneic
red cell concentrate (ARC) and post-operative
intravenous (IV) iron therapy.

Supply costs

ARC acquisition cost (per unit) € 155

Iron sucrose (per 100 mg)* € 85

Ferric carboxymaltose (per 100 mg) € 20

Iron isomaltoside 1,000 (per 100 mg) € 20

Low molecular weight iron dextran (per 100 mg) € 103

Saline and giving set (per infusion) € 2

Operating costs

ARC transfusion cost (per unit) € 52

IV iron infusion (per infusion)** € 16

Haemoglobin assessment (per measurement) € 36

Hospitalisation cost

Hospitalisation in the orthopaedic ward (per day) € 320

*Mean cost of three available products; **Except for low molecular weight
iron dextran which is estimated at €48.

going to be managed with a blood conservation strategy
or not. The cost for type and screening was not included
in the cost analysis?' (Table I).

Haemoglobin assessment costs. All patients have
their Hb level measured within 24-48 hours after surgery
to evaluate the need for ARCT. The costs for these
determinations were not, therefore, included in the model.
We considered only those Hb measurements requested for
monitoring the effect of ARCT. These costs included the
facilities, material, equipment and personnel costs for blood
drawn, Hb measurement and data interpretation®' (Table I).

Postoperative IV iron administration costs. For the
present cost analysis we considered the acquisition
costs of the two preparations used (IS and FCM), and
those of two other compounds available in Spain, iron
isomaltoside 1000 (MNF; Monofer, Pharmacosmos,
Holbaek, Denmmark) and low molecular weight iron
dextran (LMWID, Cosmofer, Pharmacosmos, Holbaek,
Denmmark). The costs of administration of IV iron were
also estimated. These included the facilities, material,
equipment and personnel costs incurred in the hospital
orthopaedic ward for preparing and infusing the IV iron
solution to the patient (Table I).

Hospitalisation costs. The cost of 1 day of
hospitalisation in the orthopaedic ward was obtained
from Servicio Andaluz de Salud (Spain)?! (Table I).

Blood management cost scenarios

In the basic cost scenario (ALO-1), blood
management costs were calculated taking into account
the costs of acquisition and transfusion of allogeneic
red cells, the costs of acquisition and infusion of IV
iron, and the cost of extra analytical measurements (Hb
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assessments). We considered another two possible cost
scenarios by adding the cost of 1 (ALO-2) or 2 extra
days (ALO-3) of hospitalisation in patients receiving
ARCT. Furthermore, blood management costs per
patient in the three scenarios were also analysed after
stratifying patients according to their pre-operative Hb
(two Hb strata: Hb <13 g/dL and Hb>13 g/dL). Finally, a
sensitivity analysis was performed for the three scenarios
by varying the percentage of patients receiving ARCT
in the control group (15%, 20%, 25%, 30%, and 35%)
and in the PIVI group (10%), and assuming a mean
transfusion index of two red blood cell units per patient.
All the cost analyses in the different scenarios were
performed separately for the four IV iron compounds.

Statistics

Data were expressed as incidence (n) and percentage
(%), as the mean = standard deviation (SD), or as mean
and 95% confidence interval (CI). Pearson's chi-square
test or Fisher's exact test was used for comparison of
qualitative variables. Parametric analysis of variance
(ANOVA) or the non-parametric Kruskall-Wallis test
was used for comparison of quantitative variables,
after consideration of distributional characteristics.
The effect size, as measured by Cohen's d, is provided
where appropriate to avoid the recognition of small and
irrelevant differences®’. All statistics were performed
with IBM SPSS Statistics 19 (Licensed to the University
of Malaga, Spain) and a p value <0.05 was considered
statistically significant.

Results
Efficacy of post-operative intravenous iron
administration

There were no differences in patients' characteristics
between groups, except for a slightly higher pre-
operative Hb level in the PIVI group, although the effect
size was small (Cohen's d=0.167) (Table II). At least one
ARCT was needed in 21 patients from the PIVI group
and 48 patients from the control group (Figure 1). Most
of these transfusions were given within 48 hours after
surgery. The percentage of patients receiving ARCT was
lower in the PIVI group than in the control group (11.5%
vs 26.4%, respectively; p=0.001) as was the number of
transfused allogeneic red cell units (Table II). There
were no differences in transfusion rates between patients
receiving IS or FCM (12.7% vs 10%; p=0.599). Despite
the lower ARCT rate, Hb levels on post-operative days 3
and 7 were higher in patients from the PIVI group than
in those from the control group (Table II). In addition,
after stratifying patients according to their pre-operative
Hb concentration, the differences in ARCT rate between
groups remained statistically significant for both Hb <13
g/dL and Hb >13 g/dL (Figure 2A).

Table II - Demographic and clinical data of two series of
patients undergoing surgery for total hip or knee
arthroplasty, managed without (control group) or
with (PIVI group) post-operative administration
of intravenous iron (iron sucrose, 3x200 mg;
ferric carboxymaltose, 1x600 mg; see Methods
section for details).

Control PIVI p
group group

Patients (n) 182 182 -—--
Gender (M/F) 75/107 75/107 1.000
Age (years) 68+10 68+9 0.988
Operation 95/87 95/87 1.000
(THA/TKA)
Preoperative Hb (g/dL) 13.6+1.2 13.8+1.2 0.048
72h postoperative Hb (g/dL) 9.2+1.5 10.4£1.6 0.001
7d postoperative Hb (g/dL) 9.242.2 10.6+1.3 0.001
ARCT rate, n (%) 48 (26.4) 21 (11.5) 0.001
ARCT units, n (%) 0.001

0 134 (73.6) 161 (88.5)

1 4(2.2) 3(1.6)

2 34 (18.7) 16 (8.8)

3 5(2.7) 1(0.5)

4 9(4.9) 1(0.5)
Pre-ARCT Hb (g/dL) 7.9+0.6 7.9+0.8 0.682
Surgical time (min) 94+30 96+30 0.661
Post-operative infection n (%) 6(3.3) 3(1.6) 0.502

Surgical wound 3 1

Pneumonia 2 2

Urinary tract 1 0
Length of hospital stay (days) 8.443.1 7.942.1 0.072

Legend ARCT: allogeneic red cell transfusion; F: female; Hb: haemoglobin;

M: male; Pre-ARCT Hb: haemoglobin level prior to ARCT; THA:
total hip arthroplasty; TKA: total knee arthroplasty. Data are
expressed as mean + SD, or incidence and %.

There were no statistically significant differences
in post-operative infection rates between patients in
the control group and PIVI group, but there was a
trend to a shorter duration of hospital stay in the latter
(Table IT). Among the whole series, the post-operative
infection rate was higher among transfused patients
than among non-transfused patients (7.2% vs 1.4%,
respectively; p=0.014) and transfused patients spent
longer in hospital than did non-transfused ones (+1.9
days [95% CI: 1.2-2.6]; p=0.001).

Cost analysis of post-operative intravenous iron
administration

As stated in the Methods section, blood management
costs were calculated taking into account the costs of
acquisition and transfusion of allogeneic blood units, the
costs of acquisition and infusion of IV iron compounds,
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and the cost of extra Hb measurements (ALO-1), plus the
costs of prolonging the hospital admission by 1 (ALO-2)
or 2 days (ALO-3) in patients receiving ARCT (Table
III). In the control group, mean blood management
costs per patient were € 137.5, € 221.9, and € 306.3, for
ALO-1, ALO-2, and ALO-3, respectively (Table III).
The corresponding figures for patients managed with
PIVI were € 163.0, € 203.6, and € 244.2 for IS, and €
188.6, € 215.3, and € 241.9 for FCM, respectively, thus
causing no significant incremental costs with respect
to the control group in any of the three cost scenarios
tested (Table I11).

This analysis was repeated after stratification of
patients according to their pre-operative Hb level. Again,
the use of PIVI was cost neutral for patients presenting
with a pre-operative Hb <13 g/dL or >13 g/dL in all
three cost scenarios tested, except for ALO-1 in patients
with a pre-operative Hb >13 g/dL (Figure 2B and 2C).

The sensitivity analysis offered different results
depending on the cost scenario (ALO-1, ALO-2, or
ALO-3), the ARCT rate in control group (15% - 35%),
the ARCT rate in the PIVI group (10%), and the IV
iron compound (IS, LMWID, FCM, or MNF). Overall,
cost savings increased from cost scenario ALO-1 to
cost scenario ALO-3, especially for IS and LMWID
(Table IV). Conversely, as the ARCT rate in the control
group decreased, the mean blood management costs per
patient in the PIVI group approached (reduced savings
or cost-neutral) and even exceeded that of the control
group (net incremental costs). For all ARCT rates and
cost scenarios, savings were higher or incremental costs
were lower for IS and LMWID than for FCM and MNF
(Table IV).

Discussion

In this matched-pair, cohort study, we found that
patients treated with PIVI had a lower risk of receiving
ARCT than patients in the control group (11.5% vs
26.4%, respectively; p<0.001) (Table II), an observation
which is in agreement with those of previously published
studies using short-term peri-operative IV iron and
a similar transfusion protocol®. Available data do,
therefore, seem to support a role for peri-operative IV
iron in reducing the need for ARCT after lower limb
arthroplasty. In addition, we did not observe clinically
relevant adverse effects of PIVI, although these might
have been under-reported, or an increase in post-
operative infection rate (Table II). Again, these results
are in agreement with those previously published, which
did not report increased post-operative infection rates in
patients receiving I'V iron®.

Despite the observed efficacy of PIVI in reduce
ARCT after TKA and THA, the question regarding which
patients are more likely to benefit from this blood-saving
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Figure 2 -

Allogeneic red cell transfusion (ARCT) rate (%) and
blood management costs in two series of patients
undergoing lower limb arthroplasty, managed
with (PIVI group) or without (control group)
post-operative intravenous iron administration,
according to pre-operative haemoglobin level
(preOP Hb) (A) and three possible cost scenarios
(ALO-1, ALO-2, ALO) (B and C) (see Methods

section for further details).
*p<0.05, PIVI group vs control group.
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Table III - Estimation of blood management costs and cost savings in patients undergoing total hip or knee arthroplasty, managed
with 600 mg intravenous iron sucrose (IS) or ferric carboxymaltose (FCM), compared to those from the control group.

N. Cost scenarios
ALO-1 ALO-2 ALO-3

Blood management costs
Control
Without ARCT (€/patient) 134 0 0
With ARCT(€/patient) 48 841 1,161
Mean cost (€/patient) 182 137.5 221.9 306.3
Range 0-972 0-1,292 0-1,612
1S (600 mg)
Without ARCT (€/patient) 117 105 105
With ARCT (€/patient) 17 882 1,202
Mean cost (€/patient) 134 163.0 203.6 2442
Range 105-834 105-1,154 105-1,474
FCM (600 mg)
Without ARCT (€/patient) 44 138 138
With ARCT (€/patient) 4 1,065 1,385
Mean cost (€/patient) 48 188.6 2153 241.9
Range 138-1,110 138-1,430 138-1,750
Cost differences
IS vs control
Mean (€/patient) -25.5 +18.3 +62.1
95% CI (—73.8-22.8) (—57.4-93.9) (—41.7-165.9)
p 0.299 0.635 0.240
FCM vs control
Mean (€/patient) =51.1 +6.6 +64.4
95% CI (—126.8-24.6) (—109.4-122.6) (—92.9-221.7)
p 0.185 0.910 0.421
FCMvs IS
Mean (€/patient) -25.6 -11.7 +2.2
95% CI (—80.1-28.9) (—99.2-75.9) (-118.9-123.4)
p 0.356 0.793 0.971

Data calculations take into account both allogeneic blood and intravenous iron management costs (ALO-1), plus a hospital stay prolonged by 1 day (ALO-2)
or 2 days (ALO-3) in patients receiving allogeneic red cell transfusion (ARCT). Cost differences: control costs — IV iron costs, expressed as mean and 95%

confidence interval (CI); (+) cost savings, (—) incremental cost.

strategy, without increasing total blood management
costs, was still open. We, therefore, comparatively
analysed blood management costs for the control and
PIVI groups in three possible cost scenarios. For the basic
cost scenario, ALO-1, the three main blood management
cost drivers were the ARCT rate, the costs of acquisition
and transfusion of allogeneic red cell units, and the costs
of acquisition and use of IV iron compounds.

We used the TDABC methodology, instead of
activity-based cost (ABC) methodology?, because the
former is simpler since it only requires the estimation
of two parameters: how much it costs per time unit to
supply resources to the business's activities (the total
overhead expenditure of a department divided by the total

number of minutes of employee time available) and how
much time it takes to carry out one unit of each kind of
activity (as estimated or observed by the manager). Thus,
TDABC has the ability to capture a wide spectrum of
indirect costs and as well as the cost for unused capacity®.

Using the TDABC method, the red cell acquisition
cost was estimated to be € 155 per unit, which is similar
to costs reported for the United Kingdom (€ 160), USA
(€ 150 - € 190), Austria (€ 115), and Switzerland (€
145)%425_ The costs incurred for transfusing one red cell
unit, including those in the blood bank and orthopaedic
ward and for Hb assessment, were estimated to be €
88. Thus overall costs for one ARCT was € 243, which
are considerably less than those reported for Greece
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Table IV - Estimation of blood management cost savings (€+) or incremental costs (€—) per patient undergoing surgery for
total hip or knee arthroplasty, managed with four different intravenous iron formulations (n=100), compared to
those from the control group (n=100), at different allogeneic transfusion rates.

Control IS LMWID FCM MNF
10% ALO-1 10% ALO-1 10% ALO-1 10% ALO-1
35% ALO-1 €+28.9 €+21.9 €-4.1 €-4.1
30% ALO-1 €+2.8 €42 €-30.2 €-30.2
25% ALO-1 €-232 €-30.2 €-56.2% €-56.2%
20% ALO-1 € —49.3* €-56.3* €-82.3* €-82.3*
15% ALO-1 €-75.4% €—82.4* €-108.4* €-108.4*
10% ALO-2 10% ALO-2 10% ALO-2 10% ALO-2
35%ALO-2 € +108.9* € +101.9* €+75.9 €+75.9
30% ALO-2 € +66.8 €+59.8 €+33.8 €+33.8
25% ALO-2 €+24.8 €+17.8 €-82 €-82
20% ALO-2 €-173 €-243 €-50.3 €-50.3
15% ALO-2 €-59.4 €-66.4 €-92.4% €-92.4*
10% ALO-3 10% ALO-3 10% ALO-3 10% ALO-3
35% ALO-3 € +188.9* € +181.9* € +155.9* € +155.9*
30% ALO-3 € +130.8* € +123.8* €+97.8 €+97.8
25% ALO-3 €+72.8 €+65.8 €+39.8 €+39.8
20% ALO-3 €+14.7 €+7.7 €-183 €-183
15% ALO-3 €434 €-50.4 €-76.4 €-76.4

Legend IS: iron sucrose; LMWID: low molecular weight iron dextran; FCM: ferric carboxymaltose; MNF: iron isomaltoside 1000.
Data calculations take into account the mean cost per patient for both intravenous iron and allogeneic blood management (cost scenario ALO-1)
and a hospital stay prolonged by 1 day (cost scenario ALO-2) or 2 days (cost scenario ALO-3) in patients receiving allogeneic red cell transfusion
(see Table III). *p<0.05; bold font for cost saving, shadowed cell for incremental cost.

(€ 295 - € 414), Austria (€ 397), Switzerland (€ 440)
or the USA (€ 523 - € 852)*2%, In contrast, in a cross-
sectional survey of a randomized sample of hospital-
based blood bank and transfusion service directors, it
was found that the mean acquisition cost for one unit
of'red blood cells purchased from a supplier was € 158
and the mean charge to the patient was € 2582,

There is a variety of IV iron formulations available
in Spain, with different acquisition costs. As it seems
that they are all alike in terms of efficacy?®, for this cost
study we chose the two formulations used in our area:
IS and FCM. The acquisition costs of FCM are uniform
across Spain, whereas those of IS vary according to the
manufacturer. Thus, the average ex-factory IS price was
used (Table I). Finally, as neither Hb measurements
nor compatibility tests are needed, the costs for one
infusion of IV iron are mostly derived from nursing
time costs and are, therefore, lower than those from
transfusing an allogeneic red cell unit (€ 18 vs € 88,
respectively). Again, though the acquisition costs of
the different IV iron formulations are similar in several
European countries, there are marked differences in
administration costs. For in-patients, the total costs for
the administration of 600 mg IV IS (Venofer) are € 117
in Spain (this study), and € 249 in Greece, whereas the
corresponding figures for FCM are € 138 and € 144,
and € 113 and € 203 for LMWID?*. For out-patients,

46

the total costs for the administration of 600 mg IV IS
(Venofer) are € 263 in Spain, € 502 in Greece, and €
314 in UK, whereas the corresponding figures for FCM
are €143, € 187 and € 208, and € 295, € 388 and € 265
for LMWID?+2%30 The different methodologies used for
capturing costs are most probably behind the observed
differences in costs of red cell transfusion and I'V iron
administration, thus indicating that estimated local costs
have to be applied when reproducing this study at a
particular hospital.

At the actual ARCT rates in the control and PIVI
groups (Table II), the use of IS and FCM was cost
neutral in cost scenario ALO-1 (Table I1I). However, as
ARCT rates were influenced by pre-operative Hb level
(Figure 2A), management costs for patients presenting
with a pre-operative Hb <13 g/dL or Hb >13 g/dL were
analysed separately. The use of PIVI was again cost
neutral for patients with a pre-operative Hb <13 g/dL,
but resulted in a significant incremental cost in patients
with a Hb >13 g/dL (Figures 2B and 2C).

Allogeneic blood transfusion is not a risk-free therapy
and may result in patients having a poorer clinical outcome.
In our study, patients receiving ARCT had a higher rate of
post-operative infections than those not given a transfusion
(7.2% vs 1.4%, respectively; p=0.014) and spent longer
in hospital (+1.9 days [95% CI: 1.2-2.6]; p=0.001), a
finding that has been previously documented'>3'. In
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contrast, we found a trend towards a shorter stay in hospital
among patients receiving PIVI, which might reflect a
faster post-operative recovery*>*. Therefore, as patients
receiving ARCT may have a prolonged stay in hospital, we
considered two other possible scenarios by adding the cost
of 1 (ALO-2) or 2 extra days (ALO-3) of hospitalisation
in transfused patients. Interestingly, in a previous study
the costs for two-unit ARCT were € 721 and € 1041 for
cost scenarios ALO-2 and ALO-3, respectively?!, which
approach those recently estimated from six studies in
Western Europe (€ 878)%*. Again, the use of PIVI was
cost neutral for ALO-2 and ALO-3, regardless of the IV
iron compound used (Table III) or the pre-operative Hb
stratum (Figure 2B and 2C).

As expected, the sensitivity analysis provided
different results depending on the cost scenario, the
ARCT rate in the control and PIVI groups, and the IV
iron preparation used. Overall, costs savings increased
from cost scenario ALO-1 to cost scenario ALO-3
(Table IV). Conversely, as the ARCT rate in the control
group decreased, the mean blood management cost
per patient in the PIVI group approached (reduced
savings or cost neutral) and then even exceeded that
of the control group (net incremental costs). As their
acquisition costs are considerably higher (Table I),
savings were lower or incremental costs were higher for
FCM and MNF when compared with IS and LMWID,
for all ARCT rates and cost scenarios (Table I'V).

Some limitations of the study are worth noting. First,
this was a retrospective, matched cohort study, and
as such it does not provide unbiased results. A cause
and effect relationship between treatment with PIVI
and the observed clinical benefits cannot be inferred.
Thus, the trend towards a shorter time spent in hospital
observed in the PIVI group, as well as the prolonged
length of hospital stay in patients receiving ARCT, must
be evaluated with caution, as without rigid criteria for
discharge, it may be that standards changed slightly
during the study period.

Second, although no severe adverse drug effects
were witnessed, the number of patients included in this
study is not big enough to draw definite conclusions
regarding the safety of IV iron compounds in this
clinical setting. However, according to an analysis of
data from the Food and Drug Administration (FDA)
(2001-2003; 30x10° doses), the incidence of life-
threatening adverse drug effects (2.2 per million doses),
including deaths (0.4 per million doses), associated with
the use of four IV iron preparations (iron gluconate,
iron sucrose, HMW iron dextran, and LMW iron
dextran), is much lower than that associated with
the use of allogeneic blood transfusion (10 and 4 per
million units, respectively)*>*¢. However, no cost was
estimated for possible complications associated with

ARCT. On the other hand, no prospective safety trials
of long-term IV iron have been adequately powered
to examine rates of infection, cardiovascular events,
and deaths among patients treated with these products.
A long-term randomized IV iron safety study is more
complicated than it appears. Only haemodialysis patients
receive repeated iron, so the study should be in this
population, and target Hb should be the same in both
arms. However, an extended safety trial of IV iron vs
no iron would become confounded by differences in
doses of erythropoiesis-stimulating agents between the
arms®’. As our patients only received a short-course of
post-operative IV iron, no long-term adverse events
should be expected. Long-term safety studies on patients
receiving ARCT are also scant. In a USA population-
based, case-control study using 552,951 elderly
cases identified from cancer registries and 100,000
frequency matched controls, cancer risk was elevated
0 to 12 months after blood transfusion and associated
with multiple transfusions, but possibly due to reverse
causation, that is, incipient cancers or cancer precursors
causing anaemia’®®. The evaluation of long-term adverse
effects of PIVI or ARCT and their economic impact in
our study population is, therefore, challenging.

Third, as we performed a retrospective analysis, the
required sample size was not determined beforehand.
As a result, this study was not powered to detect
statistically significant differences in the incidence
of post-operative infections®’, and no definitive
conclusions regarding the role of PIVI administration
on this outcome variable can be drawn. Fourth, patients'
readmission rates, which could have major financial
repercussions, were not evaluated in this study. Fifth,
no patient received recombinant human erythropoietin,
while it has been shown that the addition of a single
dose of recombinant human erythropoietin (40,000 IU)
can boost the erythropoietic effect of IV iron, further
reducing transfusion requirements*. More research is
needed to ascertain whether this joint therapy could
be more cost-effective than IV iron alone. Lastly, as
approximately 200 mg iron are needed to increase a
patient's Hb concentration by 1 g/dL, the scheduled PIVI
dose (600 mg) may not cover total iron requirements for
restore pre-operative Hb levels, especially in patients
with pre-operative iron deficiency. However, as iron
status was not generally assessed in these patients, the
scheduled iron dose seems to be conservative, thus
minimising the risk of iron overload. Nevertheless, it
has been reported that very short-term perioperative IV
IS in TKR patients reduced ARCT rate and hastened the
recovery from post-operative anaemia, without depleting
iron stores*'. The use of newer IV iron formulations (e.g.
FCM or MNF), which allow the administration of single
larger doses (up to 20 mg/kg body weight) will probably
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facilitate the implementation of a more accurate,
patient-tailored iron replacement therapy. This may be
especially important if a fast-track patient management
programme is to be implemented*’. In this regard, for
TKR patients presenting with a pre-operative ferritin
<100 ng/mL, preliminary results from a randomised
controlled trial (EudraCT 2010-023038-22) showed
significant improvements in Hb levels (11.6 g/dL vs 10.3
g/dL; p<0.001) and Barthel index (95 vs 92; p<0.03) on
post-operative day 30 when FCM rather than oral iron
was administered after surgery*’. Complete data from
this trial will be useful to ascertain in which patients
PIVI is more likely to be cost-effective.
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