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in elective orthopaedic surgery
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Total hip and knee prosthesis surgery is performed worldwide about two million times 
annually (approximately 50.000 in the Netherlands). These surgeries may result in significant 
intra- and postoperative blood loss (800 to1500mL) with a potential need for allogeneic 
Red Blood Cell (RBC) transfusions to compensate for the resulted anaemia. Although blood 
transfusions are relatively safe, transfusion reactions such as fever, haemolysis, antibody 
formation, Transfusion Associated Circulatory Overload (TACO), Transfusion Related Acute 
Lung Injury (TRALI), or transmission of infectious agents may occur. Furthermore, Natural 
Killer (NK) activity was found to be decreased in patients after an allogeneic RBC transfusion 
compared to no RBC transfusion or peri-operative autologous wound blood re-infusion  
[1]. It has been postulated that, immuno-modulatory effects of blood transfusions may 
result in an increased susceptibility for infections in the postoperative period [2-7]. In the 
field of orthopaedic surgery, there is an ongoing trend to aim for optimal Patient Blood 
Management (PBM). PBM is a new concept in Transfusion Medicine that is based on three 
approaches (pillars): 1. optimising the patient’s own blood; 2. minimising surgical blood loss 
and bleeding; and 3. harnessing and optimising the patient-specific physiological reserve 
of anaemia (including restrictive transfusion thresholds) (http://www.health.wa.gov.au/
bloodmanagement/home.health_professionals.cfm). This approach includes pre-operative, 
intra-operative and post-operative strategies for managing the patient, such as alternatives 
for RBC transfusions, but also surgical and anaesthesiological strategies. A comprehensive 
overview of blood conservation strategies in major orthopaedic surgery in the European 
setting is published in 2009 by Munoz et al [8]. In this overview, several of these strategies 
are discussed, such as correction of perioperative anaemia, pharmacological and non-
pharmacological measures to reduce blood loss, preoperative autologous donation, and 
perioperative blood salvage. Based on the efficacy and safety of these strategies in literature, 
recommendations are offered. However, some recommendations are not supported by a 
high level of evidence due to a lack of appropriate data.

tranSfuSiOn PraCtiCE

A large variation in transfusion practice is present. Recently, in the Austrian benchmark 
study, Gombotz and colleagues found a transfusion rate varying from16 to 85% for patients 
undergoing primary total hip replacement (THR) and a 12 to 87% transfusion rate for 
patients undergoing primary total knee replacement (TKR) surgery [9]. The Orthopaedic 
Surgery Transfusion Haemoglobin European Overview (OSTHEO) study of Rosencher and 
co-workers assessed standard practice in blood management in six countries in Europe (225 
centres, n=3996 patients) and found that, despite existing guidelines, a large percentage 
(21%) of the pre-transfusion Hb levels were greater than or equal to 10 g/dL and 10% 
even exceeded the level of 13.0 g/dL [10]. An additional problem is the implementation of 
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guidelines in daily practice, which is often difficult to achieve. This is not only relevant for 
implementing transfusion thresholds, but also for the number of transfusions at each event 
to reach a particular target Haemoglobin (Hb) level. Barr and co-workers investigated red 
blood cell transfusion practice in Northern Ireland in 2005 and still found a two-unit instead 
of single-unit transfusion practice in medical and surgery patients (n=1474) [11].

BlOOd tranSfuSiOn PrOtOCOlS

An important blood saving strategy is the use of a restrictive transfusion protocol. In 1988, the 
NIH published consensus guidelines for red blood cell transfusions [12]. Since then, several 
guidelines have been published, recommending that a range of Hb levels between 6 and 10 
g/dL can be used, depending on the presence of serious co-morbidity [13-15]. These clinical 
practice guidelines, however, have based their recommendations on data from published 
reports on series of patients for whom red cell transfusions were withheld (for instance 
Jehovah’s witnesses), and observational studies, rather than on the results of clinical trials. 
Since June 2004, the 4-5-6 Flexinorm transfusion trigger (Hb values in mmol/L), based on 
the NIH guidelines, in surgical setting was recommended in the Dutch national Consensus 
guideline for Blood Transfusion (CBO) [16]. This transfusion trigger policy is based on 
parameters as Hb level, age and condition of the patient (ASA criteria). In 2010, a Cochrane 
review of Carless and co-workers reported on seventeen Randomised Controlled Trials 
(RCTs) including surgical and medical patients, and concluded that a restrictive transfusion 
policy can reduce the need of receiving a RBC transfusion (further mentioned as transfusion 
avoidance) with 37% (RR 0.63 [95% CI 0.54 to 0.74]; however with a non-significant mean 
RBC reduction (further mentioned as RBC sparing) of 0.75 RBC unit [95% CI 0.20 to 1.3]). 
However, methodology was poor and significant heterogeneity between studies was 
present [17]. Only one study (Lotke 1999) reported on elective orthopaedic surgery patients 
who also donated pre-operatively 2 units of autologous blood (knee replacement surgery, 
n=152), which resulted in an increased allogeneic transfusion avoidance of 74% (RR 0.26 
[95% CI 0.17 to 0.40]).

CurrEnt altErnativES fOr rEd BlOOd CEll tranSfuSiOnS

Many alternatives for an allogeneic RBC transfusion are available. Not all interventions are 
widely applied in the Netherlands. Next to efficacy, important factors that are of influence 
are costs and user friendliness. Based on recent randomised controlled studies, the efficacy 
of the different modalities will be discussed, first in general and in more detail for the elective 
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orthopaedic surgery patients. These alternatives for an allogeneic blood transfusion can be 
subdivided in two main groups:

a. non-pharmacotherapeutical interventions:
1. pre-operative alternatives: Preoperative Autologous Donation (PAD) 
2. peri-operative alternatives: 

a. Acute Normovolaemic Haemodilution (ANH), in which one or several units of whole 
blood is taken just before surgery and at the same time (=isovolaemic) the lost blood 
volume is replaced by normal saline or colloids. The retained whole blood is then 
transfused back to the patient during or after surgery;

b. use of the cell saver, that collects autologous wound blood during (and sometimes 
after) surgery. The shed blood is washed, concentrated and then re-infused.

3. post-operative alternatives: devices that collect and re-infuse autologous wound blood 
after surgery (non-washed, filtered by several types of devices) by means of a wound-
drainage and re-infusion system.

B. Pharmacotherapeutical interventions
This concerns the pre-operative use of Erythropoietin (Epo) and the peri-operative use of 
anti-fibrinolytics (e.g. aprotinin, tranexamic acid) and fibrin glue. The use of (intravenous) 
iron as a new modality will be discussed in chapter eight of this thesis.

CurrEnt EvidEnCE On tranSfuSiOn altErnativES in thE general 
surgical POPulatiOn

ad a non-pharmacotherapeutical interventions
A Cochrane review by Henry and co-workers (2010) reported on 13 trials (n=1506) and 
concluded that Pad as a single intervention resulted in a significant transfusion avoidance of 
68%. However, autologous donors were more likely to undergo transfusion with allogeneic 
and/or autologous blood (OR 1.24; 95% CI 1.02 to 1.51). The authors concluded, that overall 
transfusion rates were very high, raising the question of the true benefit of PAD.
 In 2004, two systematic reviews reported on the use of anh in elective surgery [18,19]. 
Carless and co-workers performed a systematic review on several autologous transfusion 
techniques (PAD, ANH and cell saver). Of 30 trials, ANH resulted in a significant transfusion 
avoidance of 31%. Mean RBC use was reported in 7 trials resulting in a significant mean RBC 
sparing of 1.9 units. However, studies were small, and methodology was judged as poor. 
Also, the blood sparing effect was less when a transfusion protocol (in 60%) was used. [18] 
Segal and co-workers compared 42 RCTs on ANH, but did not find a significant reduction 
in transfusion avoidance compared to controls, and a non-significant increase of 11% 
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compared to another blood conservation method (mostly PAD). They concluded that use of 
ANH can not be encouraged [19].
 The effect of washed autologous salvaged blood (by means of cell saver) or non-
washed salvaged blood (by means of post-operative re-infusion systems) on RBC use was 
investigated In a Cochrane review [20]: 75 randomised studies up to 1 June 2009 were 
analysed. The authors concluded a significant overall transfusion avoidance of 38% and 
mean RBC sparing of 0.68 RBC unit.

table 1. Transfusion avoidance and mean Red Blood Cell (RBC) reduction of transfusion alternatives in 
the general surgical population

author (year) transfusion  
alternative

% transfusion 
avoidance 

rr [95% Ci] Mean rBC 
reduction/patient 
[95% Ci]

Henry (2010) [37]# PAD 68% 0.32 [0.22 to 0.47] NA

Carless (2004) [18]# ANH 31% 0.69 [0.56 to 0.84] 1.9 [1.1 to 2.7]

Segal (2004) [19] ANH 4% (NS) 0.90-1.01 [NA] NA

Carless (2006) [20]# Autologous blood 
salvage

38% 0.62 [0.55 to 0.70] 0.68 [0.49 to 0.88]

Laupacis (1998) [21] Epo (cardiac surgery) 75% 0.25 [0.08 to 0.82] NA

#=Cochrane review
Abbreviations: CI=Confidence Interval; PAD=Preoperative Autologous Donation; ANH=Acute Normovolaemic 
Haemodilution; NA=Not Available; NS=Not Significant; Epo=Erythropoietin.

ad B Pharmacotherapeutical interventions
In a meta-analysis by Laupacis and co-workers [21] , Epo resulted in a significant transfusion 
avoidance (with or without the combination with PAD) with the largest effect (75% 
avoidance) in cardiac surgery patients (Table 1). A systematic review on the use of anti-
fibrinolytics for minimising perioperative allogeneic blood transfusion and on their adverse 
events was published in 2007 and updated in 2011 by Henry and co-workers, comparing 
aprotinin, TraneXamic Acid (TXA) and Epsilon AminoCaproic Acid (EACA). [22] That review 
of over 250 clinical trials reported on the use of anti-fibrinolytic drugs in major surgery and 
found that these reduced bleeding, as well as the need for transfusions of red blood cells. 
Consequently, the need for revision surgery because of bleeding (in cardiac surgery) was 
reduced as well. This update was especially focussed on safety, since the results of the BART 
study (2008), a study in cardiac surgery patients comparing aprotinin to TXA and to EACA, 
showed that aprotinin was significantly associated with increased mortality compared to 
the lysine analogoues TXA and EACA. This resulted in abandoning the use of aprotinin in 
patients [23]. This finding suggests a potential bias of under-reporting adverse events, since 
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only 18 of 76 trials of aprotinin reported adverse events. Also, more studies with positive 
effects were published, resulting in asymmetric funnel plots, suggesting publication bias. 
The explanation for the increased mortality rates after aprotinin in comparison to lysine 
analogues might be due to a direct adverse effect by aprotinin or due to a protective effect 
of the lysine analogues. The lysine analogues TXA and EACA appeared to be safe. 

 
Current evidence on transfusion alternatives in elective hip-and knee replacement surgery 
patients

ad a non-pharmacotherapeutical interventions:
ad 1 Preoperative alternatives
Preoperative autologous donation (PAD)
Five trials reported on orthopaedic surgery patients (n=425) and showed a significant 
transfusion avoidance of 79%. However, autologous orthopaedic donors were more likely 
to have an increased overall transfusion rate with allogeneic and/or autologous blood (OR 
1.78; 95% CI 0.61 to 5.20). In The Netherlands, PAD is predominantly collected at Sanquin 
Blood Supply (donor centres). Only one hospital, the Sint Maartenskliniek, a specialised 
orthopaedic centre in Nijmegen, has implemented this procedure as an in-house procedure 
within their own hospital setting.
 The modality of PAD is relatively expensive and complex and needs a fixed surgery 
date (the patient needs to visit the centre several times to donate blood). In addition, the 
likelihood for mistakes by switching of blood products is high [24]. The British guidelines 
only advise PAD in exceptional cases if the normal donor stock is not sufficient as in cases 
of rare blood group typing and/or antibodies against public antigens etc [25]. The new CBO 
Guidelines (Richtlijn Bloedtransfusie) 2011 advises a limited use of PAD due to the complex 
logistics, the relative high costs, the lack of additional safety and the waste of plasma 
products (side product of PAD) and recommends for it’s use for certain indications, like lack 
of compatible blood units in case of rare blood groups or antibodies to public or multiple 
red blood cell antigens and the occurrence of former haemolytic transfusion reactions with 
unknown cause. 

ad 2a acute normovolaemic Haemodilution (anH)
ANH is not often applied in the Netherlands, possibly due to its logistical difficulties. In the 
two systematic reviews of Carless and Segal, ANH was investigated in 6 and 13 orthopaedic 
trials, respectively. Both did not report a significant benefit of ANH on transfusion avoidance. 
Compared to another blood sparing modality (PAD or TXA), ANH was less effective in 
orthopaedic patients [19]. As a transfusion alternative, ANH is therefore not recommended 
in knee-and hip surgery. 



Ch
ap

te
r 1

15General Introduction. Current transfusion alternatives in elective orthopaedic surgery | 

ad 2B en 3
autologous re-infusion (cell saver and post-operative re-infusion systems)
In a Cochrane review [20] evaluating all randomised studies up to 1 June 2009, in which 
the effect on RBC use of washed shed blood (by means of cell saver) or non-washed shed 
blood by means of post-operative re-infusion systems was investigated, 36 studies reported 
on orthopaedic surgery (6 of which had been conducted in the Netherlands). The authors 
concluded a significant transfusion avoidance of 54% and a significant mean RBC sparing of 
0.82 RBC unit per patient as well. The outcomes were similar using washed or non-washed 
blood. The authors also concluded that the methodological quality was poor and that the 
findings could have been influenced by bias. There was a lack of concealment, meaning that 
allocation of the randomisation was not centralised, but often on location by drawing an 
opaque envelope. This method can be susceptible to bias, because it can not be ruled out 
that the envelopes are drawn in the proper order [26]. 

table 2. Transfusion avoidance and mean red blood cell (RBC) reduction of transfusion alternatives in 
the elective knee-and hip replacement surgical population

author (year) transfusion 
alternative

% transfusion 
avoidance 

rr [95% Ci] Mean rBC reduction /
patient [95% Ci]

Henry (2010) [37]# PAD 79% 0.21 [0.11 to 0.43] NA

Carless (2004) [18]# ANH 21% 0.79 [0.60 to 1.06] NA

Segal (2004) [19] ANH 23% to none 0.77 to 1.06 
[0.47 to 1.37]

NA

Carless (2006) [20]# Autologous  
blood salvage

54% 0.46[0.37 to 0.57] 0.82 [-0.27 to -1.36]

Laupacis (1998) [21] Epo with PAD 58% 0.42 [0.28 to 0.62] NA

idem Epo only 64% 0.36 [0.24 to 0.56] 0.14 [-0.04 to 0.31]

Fergusson (submitted) Epo 56% 0.44 [0.31 to 0.64] 0.61 [0.22 to 1.01]

Henry (2011) [22]# APR vs Co
(n=1146)

32% 0.68 [0.5 to 0.89] NA

idem TXA vs Co
(n=1381)

51% 0.49 [0.39-0.62] NA

idem EACA vs Co
(n=304)

0% 1.00 [0.93 to 1.08] NA

#=Cochrane review
Abbreviations: APR=APRotinin; PAD=Preoperative Autologous Donation; ANH=Acute Normovolaemic Haemodilution; 
NA=Not Available; NS=Not Significant; Epo=Erythropoietin; Co=Control group; TXA=TraneXamic Acid; EACA=Epsilon 
AminoCaproic Acid
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ad B. Pharmacotherapeutical interventions

erythropoietin (epo)
Many randomised studies have been published in which the effect of Epo on RBC use has 
been investigated. Older studies report on the effect of Epo on the efficacy of donating PAD. 
In a meta-analysis by Laupacis et al [21] , in orthopaedic surgery, Epo resulted in a significant 
transfusion avoidance of 58% with or 64% without the combination with PAD (11 trials with 
PAD and 3 trials without PAD), but Epo did not significantly reduce the mean RBC use. The 
main reason for this finding was the low mean number of transfusions in the control group 
(0.46 RBC unit/patient), and a subsequent non-significant decrease of 0.14 RBC unit per 
patient after use of Epo. This finding was confirmed by a large European randomised study 
(n=695) (the EEST study) by Weber and colleagues [27], who found a proportion of 12% 
transfused patients in the Epo group which was significantly lower than the 46% transfused 
patients of the control group (p<0.001), but found a non-significant difference in mean RBC 
use (1.25 RBC/patiënt [SD 0.51] versus 1.42 RBC/patiënt [SD 0.70], respectively; p=0.14). 
A recent meta-analysis by Fergusson and co-workers performed on elective orthopaedic 
surgery studies until August 2007 (submitted) resulted in 36 evaluable RCTs of which 
Epo dose varied (>1800 UI/kg or <1800 UI/kg), as well as time of administration (pre-or 
postoperatively), use of PAD, route of Epo administration (subcutaneously or intravenously) 
and use of a transfusion threshold (in 15 trials not reported). Overall, compared to the 
control group, a significant RBC avoidance of 56% was found as well as a significant RBC 
sparing of 0.61 RBC unit. The aggregated risks of DVT was 3.5%, and 0.20% of myocardial 
infarction (MI), 0.29% of stroke, 0.15% of PE and 0.13% of death. It was concluded that Epo 
was a safe blood sparing modality in orthopaedic surgery, however, Epo exceeds the costs 
of an allogeneic blood transfusion [28,29].

anti-fibrinolytics
Since trials on anti-fibrinolytics comprised mostly cardiac surgery patients, which are rather 
different from orthopaedic surgery patients, outcome on RBC use may be quite different 
between these study populations. The results of trials on orthopaedic surgery patients are 
discussed here, and when possible, separately reported:

1. interventional drug versus control group
Of 108 trials of aprotinin compared with a control group, 15 were conducted in orthopaedic 
surgery with a total of 1146 patients. In these patients, the use of aprotinin resulted in a 
significant transfusion avoidance of 32%, however studies were heterogeneous (p<0.001). 
Total blood loss was also reduced by around 400 mL (Mean difference -399 mL [-563 to 
-235 mL]) (n=430; 10 studies), heterogeneity was again significant (p<0.007). Compared to 
controls, the use of aprotinin (pooled data) did not result in increased risk for mortality nor 
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in an increased risk for myocardial infarction or for thrombotic events (stroke, deep vein 
thrombosis or pulmonary embolus).
 Of 65 reported trials on tXa compared with controls, 27 involved orthopaedic surgery 
(n=1381 patients), where a significant transfusion avoidance of 51% was found (RR 0.49, 
however heterogeneity between trials was present (p<0.0007). Total blood loss was 
significantly reduced by 446 mL [95% CI of mean difference 338 to 555 mL], also with 
heterogeneity between trials (p<0.00001).Compared to controls, the use of TXA (pooled 
data) did not result in increased mortality risk nor increased risk of myocardial infarction or 
thrombotic events (stroke, deep vein thrombosis or pulmonary embolus). 
 Of 16 reported trials of EaCa compared with controls, four trials involved orthopaedic 
surgery (n=304 patients) of which the use of EACA did not reduce the need for allogeneic 
RBC transfusions. Two trials reported a marginally effective reduction in total blood loss of 
300 mL [95% CI of mean difference 77 to 523 mL]. Mortality risk, risk of myocardial infarction, 
and thrombotic events were not increased.

2. comparison between anti-fibrinolytics
A. Aprotinin versus TXA
Of 21 trials on aprotinin versus TXA that reported data on the number of patients exposed 
to allogeneic RBC transfusions, only one study [30] was performed in orthopaedic surgery 
patients (knee replacement surgery; n=36). The study consisted of three groups of 12 
patients: controls versus TXA versus aprotinin, respectively) and showed no difference in 
the transfusion rate between all three groups. No adverse outcomes were reported other 
than deep venous thromboses (n=2 in TXA group, n=1 in aprotinin group and n=0 in control 
group). 

B. Aprotinin versus EACA
Of 12 reported trials, three (Amar 2003;n=69 spine, Ray 2005; n=45 hip, Urban 2001; n=60 
spine) were in orthopaedic surgery patients: no significant transfusion avoidance was 
found with aprotinin compared to EACA (RR 0.82; 95% CI 0.48 to 1.40) [31-33]. The relative 
risk, however, was comparable to the risk in cardiac surgery patients, in which a significant 
transfusion avoidance with aprotinin was found (RR 0.82; 95% CI 0.76 to 0.89). Ray and co-
workers performed a study on 45 total hip arthroplasty patients and did not find a difference 
in blood loss between aprotinin and EACA (each 15 patients per group) or in mean RBC 
reduction or transfusion avoidance. 
 Pooled data on adverse events (myocardial infarction, thrombotic events) showed no 
difference between the study- and control groups. In the single hip surgery trial of Ray and 
co-workers [32] no thrombotic events as DVT or PE were found. Six cardiac adverse events 
were reported postoperatively in the intervention groups: two non-ST elevation MI, two 
atrial fibrillation (AF), and two patients with both MI and AF, however this did not reach 
statistical significance compared to the control group in these 45 patients (p=0.08). 
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C. TXA versus EACA
Of 8 reported trials (n=2003), only one orthopaedic study (knee replacement surgery; 
n=127) compared TXA (n=35) with EACA (n=32) and placebo (n=60) and found no difference 
in blood loss between TXA and EACA or in transfusion avoidance or mean RBC reduction or 
in adverse events [34].
 
Conclusions on the role of anti-fibrinolytics in orthopaedic blood management 
Compared to controls, both aprotinin and TXA, but not EACA showed significant transfusion 
avoidance. Compared to one another, only three orthopaedic trials on knee- and hip 
replacement surgery, were available: no advantage of aprotinin compared to the lysine 
analogues could be found regarding blood loss and the need for RBC transfusions. None 
of these studies reported on mortality and only one study reported more cardiac adverse 
events [32]. Since data are lacking, and numbers were small, no valid conclusions can be 
drawn regarding the blood sparing effect or regarding adverse events in orthopaedic 
surgery due to the low numbers of study patients. 

Fibrin glue
Carless and co-workers (2009) concluded in a Cochrane review that especially in orthopaedic 
surgery, where blood loss is often substantial, fibrin sealants appeared to demonstrate their 
greatest beneficial effects by significantly reducing blood loss and transfusion avoidance by 
32% (RR 0.68; 95% CI 0.51 to 0.89), but large RCTs were lacking [35]. Therefore, the authors 
support initiating well-conducted large clinical trials on this matter.

SCOPE Of thiS thESiS

As discussed, several transfusion alternatives are available to reduce RBC use in elective 
orthopaedic surgery. Since the patient population eligible for knee-or hip replacement 
surgery is exponentially growing, expecting more than 100.000 of these type of surgeries 
in 2030 in the Netherlands [36], optimising peri-operative blood management is not only 
highly relevant with respect to patient risk and benefit, but also important in terms of cost 
effectiveness. 
 However, we found that insufficient evidence was published to provide a strategy for 
the optimal use these transfusion alternatives: most studies compared only one transfusion 
alternative with controls, which is inconsistent with daily practice; or studies were of older 
date, comparing transfusion alternatives as PAD with ANH, both are not widely applied 
anymore, especially not in the Netherlands; or studies did not use a transfusion protocol or 
used a liberal transfusion policy, which both may overestimate the blood sparing effect of 
the intervention.
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To gain insight in the transfusion policy, we first evaluated RBC use during 6 months in the 
orthopaedic ward in the LUMC in 2000 (January to July). We found that a 68% reduction 
could be reached if a restrictive transfusion policy would be implemented. This was the 
reason to start a Randomised Controlled Trial (RCT), to investigate the effect of a restrictive 
transfusion trigger on mean RBC use and transfusion avoidance. To anticipate on a study to 
evaluate the use of postoperative autologous wound blood we compared the feasibility and 
effectiveness of different types of post-operative re-infusion devices, that were available in 
2003, and to explore their possible use in a larger trial on the combined use of transfusion 
alternatives. Finally, we were fully prepared to study the effect of combinations of the 
mostly applied transfusion alternatives, while using a strict transfusion threshold, currently 
recommended in blood management protocols. The aim of this thesis is to optimise 
Patient Blood Management by providing evidence for cost-effective measures in elective 
orthopaedic surgery. 

OutlinE Of thiS thESiS

Chapter 2 describes the results of a RCT on the effect of a restrictive trigger on RBC sparing. In 
three hospitals, a restrictive transfusion policy was compared with standard care transfusion 
policy. A randomised comparison of transfusion triggers in elective orthopaedic surgery 
using leucocyte-depleted red blood cells was performed. The clinical consequences of this 
restrictive transfusion policy on post-operative complications and well-being are discussed 
in Chapter 3. Quality of Life and fatigue scores in relation to postoperative haemoglobin 
levels were analysed in Chapter 4. 
 In Chapter 5 we investigated the efficacy and feasibility of two types of postoperative 
drainage and re-infusion systems and compared these to a control group. To evaluate the 
immuno-modulatory effects of salvaged blood in the post-operative patient, we analysed 
the effect of autologous salvaged blood re-infusion on the patients’ cytokine gene 
expression profiles compared to the effect of surgery itself (Chapter 6). 
 Chapter 7 reports the combined strategies of Epo and autologous salvaged blood 
on RBC use compared to a control group under a restrictive transfusion policy (TOMaat 
study). In Chapter 8, future trends and ongoing studies are discussed in order to aim for 
an optimal and Tailor Made Patient Blood Management Program for elective orthopaedic 
surgery patients. In the final chapter, Chapter 9, an implementation protocol is described 
to investigate the barriers and facilitators for implementation of the TOMaat study results in 
daily practice. 
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