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Objectives: To compare patient outcomes, resource
use and costs to the NHS and NHS Blood Transfusion
Authority (BTA) associated with cell salvage and
alternative methods of minimising perioperative
allogeneic blood transfusion.
Data sources: Electronic databases covering the
period 1996–2004 for systematic reviews and
1994–2004 for economic evidence. 
Review methods: Existing systematic reviews were
updated with data from selected randomised controlled
trials (RCTs) that involved adults scheduled for elective
non-urgent surgery. Any resource use or cost data
were extracted for potential use in populating an
economic model. Relative risks or weighted mean
difference of each outcome for each intervention were
assessed, taking into account the number of RCTs
included in each outcome and intervention and the
presence of any heterogeneity. This allowed indirect
comparison of the relative effectiveness of each
intervention when the intervention is compared with
allogeneic blood transfusion. A decision analytic model
synthesised clinical and economic data from several
sources, to estimate the relative cost-effectiveness of
cell salvage for people undergoing elective surgery with
moderate to major expected blood loss. The
perspective of the NHS and patients and a time
horizon of 1 month were used. The economic model
was developed from reviews of effectiveness and cost-
effectiveness and clinical experts. Secondary analysis
explored the robustness of the results to changes in the
timing and costs of cell salvage equipment, surgical
procedure, use of transfusion protocols and time
horizon of analysis. 
Results: Overall, 668 studies were identified
electronically for the update of the two systematic

reviews. This included five RCTs, of which two were
cell salvage and three preoperative autologous donation
(PAD). Five published systematic reviews were
identified for antifibrinolytics, fibrin sealants and
restrictive transfusion triggers, PAD plus
erythropoietin, erythropoietin alone and acute
normovolaemic haemodilution (ANH). Twelve
published studies reported full economic evaluations.
All but two of the transfusion strategies significantly
reduced exposure to allogeneic blood. The relative risk
of exposure to allogeneic blood was 0.59 for the
pooled trials of cell salvage (95% confidence interval:
0.48 to 0.73). This varied by the type and timing of cell
salvage and type of surgical procedure. For cell salvage,
the relative risk of allogeneic blood transfusion was
higher in cardiac surgery than in orthopaedic surgery.
Cell salvage had lower costs and slightly higher quality-
adjusted life years compared with all of the alternative
transfusion strategies except ANH. The likelihood that
cell salvage is cost-effective compared with strategies
other than ANH is over 50%. Most of the secondary
analyses indicated similar results to the primary
analysis. However, the primary and secondary analyses
indicated that ANH may be more cost-effective than
cell salvage.
Conclusions: The available evidence indicates that cell
salvage may be a cost-effective method to reduce
exposure to allogeneic blood transfusion. However,
ANH may be more cost-effective than cell salvage. 
The results of this analysis are subject to the low
quality and reliability of the data used and the use of
indirect comparisons. This may affect the reliability 
and robustness of the clinical and economic results.
There is a need for further research that includes
adequately powered high-quality RCTs to compare
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directly various blood transfusion strategies. These
should include measures of health status, health-related
quality of life and patient preferences for alternative
transfusion strategies. Observational and tracking
studies are needed to estimate reliably the 

incidence of adverse events and infections transmitted
during blood transfusion and to identify the lifetime
consequences of the serious hazards of transfusion 
on mortality, health status and health-related 
quality of life.
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Background
When severe haemorrhage occurs due to surgery,
blood transfusion can be life saving. Elective
surgery accounts for over 40% of requests for
stored blood to the National Health Service Blood
Transfusion Authority (NHS BTA) (previously the
National Blood Service).

Alternatives to allogeneic transfusion (blood from
an unrelated donor) include autologous
transfusion using the patient’s own blood,
interventions to reduce surgical blood loss and
interventions to minimise the use of perioperative
allogeneic blood.

All blood transfusions are associated with serious
adverse events. The cost of allogeneic blood has
risen and the NHS BTA faces difficulties in
meeting demand for blood products. 

Objectives
The principal objectives were to:

1. Assess the effectiveness of alternative
transfusion strategies in terms of the relative
risk of exposure to allogeneic and autologous
blood transfusion, postoperative complications,
reoperation due to bleeding, adverse
transfusion reactions and mortality and the
mean length of stay. Two Cochrane systematic
reviews of cell salvage (published/last updated
2003) and preoperative autologous donation
(PAD) (published/last updated 2001) were
updated; existing systematic reviews were
reviewed [acute normovolaemic haemodilution
(ANH), erythropoietin, antifibrinolytic drugs
and fibrin sealants]. The updates were
submitted to the Cochrane Library.

2. Obtain data on health-related quality of life
and utilities and the relative cost and cost-
effectiveness of the transfusion strategies. This
included a review of economic evidence.

3. Use a decision analytic model to determine the
likely cost-effectiveness of cell salvage.

Methods
Data sources 
Searches were conducted for the period 2002–4
(cell salvage) and 2001–4 (PAD) to update the two
Cochrane systematic reviews. Search strategies for
the original Cochrane systematic reviews were
adapted to identify new trials. Data for the
updates were obtained from electronic searches of
the Cochrane Central Register of Controlled
Trials, MEDLINE, EMBASE, ISI Web of Science
and International Network of Agencies of Health
Technology Assessment (INAHTA). The searches
for the review of systematic reviews covered the
period 1996–2004, using the Cochrane Database
of Systematic Reviews and MEDLINE. The review
of economic evidence covered the period
1994–2004, using MEDLINE, EMBASE, Econlit,
Cochrane Database of Systematic Reviews,
Database of Abstracts of Reviews of Effects and the
NHS Economic Evaluation Database (National
Electronic Library for Health, Issue 3, 2004).

Study selection
Only randomised controlled trials (RCTs)
undergoing elective non-urgent surgery were
included for the update of existing systematic
reviews. The review of systematic reviews only
included reviews with explicit search and selection
criteria. The patient population was adults
undergoing elective non-urgent surgery. Included
interventions were allogeneic transfusion; cell-
salvage; PAD; ANH; antifibrinolytic drugs; fibrin
sealants; and recombinant human erythropoietin
(EPO). Economic and cost studies were only
included if they reported resource use or cost for
allogeneic blood transfusion or included
interventions for adult patients undergoing major
elective surgery. 

Data extraction
Two reviewers independently abstracted data for
the updates to the cell salvage and PAD systematic
reviews. One reviewer extracted data about the
focus, inclusion criteria and number and
methodological quality of the included studies in
each systematic review. The systematic reviews

Executive summary
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were quality assessed using a form developed for
the Critical Appraisal Skills Programme. Any
resource use or cost data were extracted for
potential use in populating an economic model. 

Data synthesis
Data for the updated systematic reviews were
added to the original meta-analyses from the two
original systematic reviews. Differences in
outcomes were combined across studies using
relative risks or weighted mean differences in
random effects meta-analyses. Results of the meta-
analyses for each systematic review were extracted
into tables. Relative risks or weighted mean
difference of each outcome for each intervention
were assessed, taking into account the number of
RCTs included in each outcome and intervention
and the presence of any heterogeneity. This
allowed indirect comparison of the relative
effectiveness of each intervention when the
intervention is compared with allogeneic blood
transfusion. 

Economic model
A decision analytic model synthesised clinical and
economic data from several sources, to estimate
the relative cost-effectiveness of cell salvage for
people undergoing elective surgery with moderate
to major expected blood loss. The perspective of
the NHS and patients and a time horizon of 
1 month were used. The economic model was
developed from reviews of effectiveness and cost-
effectiveness and clinical experts. Secondary
analysis explored the robustness of the results to
changes in the timing and costs of cell salvage
equipment, surgical procedure, use of transfusion
protocols and time horizon of analysis. 

Results
Overall, 668 studies were identified electronically
for the update of the two systematic reviews. Five
RCTs were included (two cell salvage, three PAD).
Five published systematic reviews were identified
for antifibrinolytics, fibrin sealants and restrictive
transfusion triggers, PAD plus erythropoietin,
erythropoietin alone and ANH. Twelve published
studies reported full economic evaluations. 

All but two of the transfusion strategies
significantly reduced exposure to allogeneic blood.

The relative risk of exposure to allogeneic blood
was 0.59 for the pooled trials of cell salvage (95%
CI 0.48 to 0.73). This varied by the type and
timing of cell salvage and type of surgical
procedure. For cell salvage, the relative risk of
allogeneic blood transfusion was higher in cardiac
surgery than in orthopaedic surgery. 

Cell salvage had lower costs and slightly higher
quality-adjusted life years compared with all 
of the alternative transfusion strategies except
ANH. The likelihood that cell salvage is cost-
effective compared with strategies other than ANH
is over 50%. Most of the secondary analyses
indicated similar results to the primary analysis.
However, the primary and secondary analyses
indicated that ANH may be more cost-effective
than cell salvage. 

Conclusions
Implications for healthcare
The available evidence indicates that cell salvage
may be a cost-effective method to reduce exposure
to allogeneic blood transfusion. However, ANH
may be more cost-effective than cell salvage. The
results of this analysis are subject to the low quality
and reliability of the data used and the use of
indirect comparisons. This may affect the
reliability and robustness of the clinical and
economic results. 

Recommendations for research
There is a need for further research that includes:

1. Adequately powered high-quality RCTs to
compare directly various blood transfusion
strategies. These should include measures of
health status, health-related quality of life and
patient preferences for alternative transfusion
strategies. 

2. Observational and tracking studies to estimate
reliably the incidence of adverse events and
infections transmitted during blood
transfusion. 

3. Observational studies to identify the lifetime
consequences of the serious hazards of
transfusion on mortality, health status and
health-related quality of life.
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Background
Elective surgery accounts for over 40% of all
requests for stored blood to the National Health
Service Blood Transfusion Authority (NHS BTA)
(previously known as the National Blood Service).
Transfusion is life saving in severe haemorrhage
due to surgery. The cost of providing allogeneic
blood (blood from an unrelated donor) has
increased dramatically1 and the NHS BTA faces
increasing difficulties and expense in meeting
demand for blood products. An ageing population
and the use of blood transfusion in a wider
population mean that the demand for blood
products will increase.2,3 In the short term, it is
estimated that the demand for blood will increase
by 5% by 2008.3 Over the long term, the demand
for blood has been estimated to be 1.3 times
higher than the supply of blood products by
2026.2 A review of the NHS BTA by the National
Audit Commission concluded that efficient use of
such a scarce resource as blood was a crucial
element of maintaining a balance between
demand and supply.4 More recently, there has
been a decrease in the demand for blood. For
example, the demand for red cells was projected
to fall from 2,186,000 units in the financial year
2002–3 to 2,165,000 units in the financial year
2003–4.5

Allogeneic transfusion is associated with adverse
events. The Serious Hazards of Transfusion
(SHOT) scheme6 collects data on the serious
sequelae of transfusing allogeneic blood
components. Participation in the scheme is
voluntary, and covers both NHS and private
hospitals in the UK. Participation by NHS
hospitals was reported to be 85% in 2003.6

Reported adverse events following allogeneic
blood transfusion include the transmission of
blood-borne viral infections such as hepatitis, HIV,
human-T lymphotrophic virus (HTLV); transfusion
reactions (ranging from minor febrile reactions to
major haemolytic reactions); and serious bacterial
infection causing pneumonia and sepsis. Other
adverse events include transfusion-related acute
lung injury (TRALI), post-transfusion purpura and
transfusion-related graft versus host disease.6

Allogeneic transfusion is also associated with
immunosuppression that may influence

postoperative infection rates and the prognosis for
patients with cancer and transplant rejection.7–11

Increasing costs and blood shortages combined
with the risk of transmitting infection through
allogeneic blood products emphasise the need to
assess the relative cost-effectiveness of alternative
interventions to replace or minimise perioperative
allogeneic blood products. 

Alternatives to allogeneic blood transfusion
include use of autologous blood (a person’s own
blood), methods to reduce blood loss and other
methods to minimise the need for allogeneic
blood. Autologous blood transfusion interventions
include: 

• Cell salvage (auto-transfusion), which includes a
range of techniques that scavenge blood from
operative or wound sites (intraoperatively and/or
postoperatively) for re-infusion back into the
patient during or after surgery as required.12

• Preoperative autologous donation (PAD), where
blood is removed from the patient prior to
operation and stored within the blood bank
ready for re-infusion during or after surgery if
required.13

• Acute normovolaemic haemodilution (ANH),
where blood is removed from a patient, usually
during induction of anaesthesia, replacing it
with crystalloid or colloid fluid to maintain
circulating volume and kept ready for re-
infusion if necessary.14

Interventions that aim to minimise perioperative
allogeneic blood products by reducing surgical
blood loss include:

• antifibrinolytic drugs [aprotinin, tranexamic
acid (TXA), �-aminocaproic acid (EACA)]

• fibrin sealants (FSs).

Aprotinin is a non-specific, serine protease
inhibitor, derived from bovine lung, with
antifibrinolytic properties (bleeding prevention). It
acts as an inhibitor of several serine proteases and
also inhibits the contact phase activation of
coagulation that both initiates coagulation and
promotes fibrinolysis.15 TXA and EACA are
synthetic derivatives of the amino acid lysine that
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act as effective inhibitors of fibrinolysis. TXA and
EACA block the lysine binding sites on
plasminogen molecules, inhibiting the formation
of plasmin and inhibiting fibrinolysis.16

FSs are made from human plasma derived from
either allogeneic blood or autologous blood. FSs
are mainly comprised of fibrinogen (± factor XIII)
and thrombin (plus calcium, usually in the form of
calcium chloride). FSs mimic the final phase of the
coagulation cascade and produce a semi-rigid
clot.17

Other alternative strategies to minimise the use of
perioperative allogeneic blood include:

● recombinant human erythropoietin (rHuEPO)
● restrictive transfusion thresholds or protocols.

Recombinant human erythropoietin (EPO) is a
protein that increases the production of
erythrocytes [red blood cells (RBCs)] in the body
and can be administered before surgery to reduce
the need for allogeneic blood transfusion.18

Transfusion thresholds based on haemoglobin or
erythrocyte volume fraction values can be used to
determine a level when blood transfusion is
indicated and decrease the use of allogeneic
blood.19

Combinations of the techniques described above
can be used. Examples are the use of cell salvage
in conjunction with ANH20 and augmenting PAD
with EPO to increase red cell mass.21

In 2002, the UK Department of Health reaffirmed
previous recommendations to the NHS to use
autologous blood transfusion including cell
salvage.22 Recent guidelines and a national blood
conservation strategy for the UK provide
evidence-based frameworks to inform clinicians
about the appropriate use of alternative blood
transfusion strategies.23,24 These identify
transfusion strategies supported by evidence of
effectiveness and set out the principles from which
local policies and written procedures can be
developed for the administration of blood
products and management of transfused patients.
However, the quality of evidence is varied and for
some interventions, such as ANH, equivocal.
There may also be organisational issues to ensure
that blood-sparing strategies such as PAD and
ANH do not compromise patient management
and health.

A survey of surgeons in northwest England
concluded that transfusion practice had changed

little between 1990 and 1999, with only 24% of
respondents using autologous blood transfusion in
1999.25 Many of the respondents were keen to use
autologous techniques. However, logistical
obstacles were cited as the main reason for the low
use of autologous techniques. These included the
anticipated high cost of autologous techniques,
staff-related problems and lack of facilities. A more
recent survey of NHS Trusts found that the use of
cell salvage had increased. However, the survey
also confirmed that the use of autologous blood
transfusion strategies was relatively low in the
UK.26 The results of the survey suggested that
improved use of limited allogeneic blood supplies
required the following: training of staff,
development of hospital transfusion teams in NHS
Trusts, development of protocols for the
appropriate use of blood, provision of information
to patients and expansion in the use of
perioperative cell salvage. More recently, a pilot
study of the introduction of cell salvage identified
similar obstacles. Logistical obstacles to the
introduction of cell salvage included lack of
information about suppliers of equipment and
disposables, and support to identify the
equipment and disposables required. Finance for
the purchase of cell salvage equipment was cited
as an obstacle, as was a lack of trained staff to
provide an adequate cell salvage service.27

Autologous transfusion strategies and alternative
interventions to replace and/or minimise
perioperative allogeneic blood products are not
without risk of adverse events and often do not
eliminate the need for allogeneic blood
transfusion. It has been demonstrated that the
availability of predonated autologous blood can
encourage an increase in overall (autologous plus
allogeneic) transfusion rate.16 PAD can cause
vasovagal reactions, anaemia and cardiac
complications ranging from angina to cardiac
arrest. Predonated autologous blood is still
exposed to handling and storage risks such as
transfusion mismatch and bacterial contamination,
which can lead to a major transfusion reaction.28

Cell salvage has been associated with adverse
events such as air embolism, nephrotoxicity and
coagulation abnormalities.12,16 FSs made from
allogeneic blood are associated with the potential
risk of transfusion transmitted infection, and FSs
made from autologous blood are susceptible to
contamination during processing.17 A recent
overview of cell salvage, PAD and ANH reported
that all three alternative transfusion strategies
significantly reduced the likelihood of exposure to
allogeneic blood but effectiveness was reduced
when a transfusion protocol to guide transfusion

Introduction

2



was used.29 However, the authors noted that the
evidence to support these transfusion strategies
may be weak, owing to flawed study design and
the poor methodological quality of the individual
trials.29 A number of systematic reviews have been
conducted to compare allogeneic blood
transfusion with autologous blood transfusion or
interventions to minimise blood loss and/or reduce
the need for allogeneic blood.13,21,29–33 These
found that most of the interventions reduced the
need for allogeneic blood. However, the evidence
to support these transfusion strategies was
considered to be uncertain, owing to flawed study
design and the poor methodological quality of
trials. These systematic reviews are included in a
review of clinical evidence in subsequent chapters
of this report.

Interventions to minimise allogeneic blood
transfusion may be associated with relatively
higher costs. Cell salvage requires a trained
member of staff, which may add to the costs of
setting up and maintaining a cell salvage service.
The use of cell salvage equipment to wash the
salvaged blood will also affect cost. The evidence
about cost-effectiveness is uncertain, with reported
cost per quality-adjusted life-year (QALY) gained
by cell salvage as high as US$120,000.12 Other
studies suggest that cell salvage is moderately
more expensive than allogeneic blood or
equivalent in cost.20

PAD and ANH require careful selection of patients
according to medical condition, coexisting disease,
estimated blood loss and preoperative
haemoglobin (Hb) levels.34 PAD is also associated
with wastage rates of up to 55% of autologous
blood units’ collected.35 These factors mean that
evidence about the relative cost-effectiveness of
PAD is uncertain. A US study concluded that PAD
was not worth the cost compared with allogeneic
transfusion.36 However, a retrospective economic
evaluation on a single US study indicated that
PAD was both more effective, in terms of infection
rate, and less expensive than allogeneic
transfusion.37

EPO with supplementary iron and folate, used
alone or with PAD, could reduce exposure to
allogeneic blood.21 However, economic evaluations
suggest that this is associated with incremental
costs per QALY gained of US$6–8 million.38

In 2002, a Health Service Circular recommended
an assessment of the clinical and cost-effectiveness
of alternatives to allogeneic blood transfusion.22

To our knowledge, a single overview of the cost-

effectiveness of all these interventions does not
exist. This report investigates the cost-effectiveness
of cell salvage, PAD, ANH, EPO, antifibrinolytics
(AFs) and FSs to minimise perioperative
allogeneic blood transfusion.

Aims and objectives
The overall aims of this review were to compare
patient outcomes, resource use and cost to the
NHS and NHS BTA associated with cell salvage
and alternative methods of minimising
perioperative allogeneic blood transfusion. The
patient population for the study, specified in the
commissioning brief, was patients requiring major
surgery where there is likely to be blood loss
requiring replacement. Part of the remit of this
study was to update the published Cochrane
systematic reviews of cell salvage30 and PAD13 and
review existing systematic reviews of ANH, EPO,
AFs and FSs. 

The principal objectives were:

1. To assess the effectiveness of alternative
transfusion strategies on the proportion of
patients exposed to allogeneic and autologous
blood transfusion, postoperative complications,
reoperation due to bleeding, adverse
transfusion reactions, length of stay and
mortality. 

2. To obtain data on health-related quality of life
(HRQoL) and utilities associated with the
transfusion strategies.

3. To obtain data on the relative cost and cost-
effectiveness of the transfusion strategies.

4. To synthesise the data in a decision analytic
model to determine the relative cost-
effectiveness and uncertainty associated with
the data and model structure.

5. To identify the impact of different transfusion
strategies on the demand for allogeneic blood
and blood products, by surgical procedure and
patient group.

6. To assess whether further primary research is
necessary to guide national and local
transfusion policies and practice.

The study assessed the interventions for all
surgical procedures (as defined in the clinical trials
of the alternative transfusion strategies) and for
two types of elective (non-emergency) surgical
procedure:

● orthopaedic (primary or revision joint
replacement)
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● cardiac [coronary artery bypass grafting (CABG)
or valve replacement].

These two types of surgery were chosen by the
project team and the expert panel because they
are relatively common surgical procedures in the
UK. A prospective observational study of blood
transfusion found that surgery accounted for
around half of the transfusions in surgical
patients.3 In addition, the majority of studies
included in the literature and published systematic
reviews were in patients undergoing elective
cardiac or orthopaedic surgery, and these surgical
procedures typically involve moderate to major
blood loss.

Specific research questions to meet the aims and
objectives of the study were: 

1. Are there differences in effectiveness between
cell salvage and the alternative transfusion
strategies for the index inpatient admission?

2. Do differences in the effectiveness of cell
salvage and alternative transfusion strategies
result in differences in mortality, adverse events
and health status and HRQoL for the index
inpatient admission and at 6 and 12 months
post-discharge?

3. Are there differences in resource use and costs
between cell salvage and alternative transfusion
strategies for the index inpatient admission
and at 6 and 12 months post-discharge?

4. What is the impact of moving from allogeneic
blood transfusion to cell salvage or alternative
strategies to minimise allogeneic blood
transfusion?

The index inpatient admission was defined as
hospital admission when a patient had the
primary operation of interest (referred to as the
index inpatient admission throughout this report).
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Approach
This evaluation used systematic review and
economic modelling to address the research
questions. The methods for the systematic review
are described in this chapter. The systematic
review included:

1. A systematic review of the clinical evidence:
(a) An update of two existing Cochrane

systematic reviews of cell salvage30 (intra-
and postoperative) and PAD.13

(b) A review of systematic reviews of PAD plus
EPO, EPO, ANH, AFs (aprotinin, TXA,
EACA), FSs and restrictive transfusion
thresholds. It was beyond the scope of the
study to update these systematic reviews. 

2. A systematic review of the economic evidence,
including resource use and cost data and
economic evaluations.

Transfusion strategies evaluated
In addition to cell salvage and PAD, the project
team developed a list of potential transfusion
strategies based on published literature and
experience in surgery and/or transfusion. An
expert panel judged the relevance of these on the
following criteria: 

1. The transfusion strategy could be assessed as a
stand-alone transfusion technique (i.e.
independent of one or more other included
interventions and the surgical procedure).

2. The intervention was currently used in NHS
practice or was a new intervention with the
potential to change usual care in NHS practice.

In addition, the scope of the evaluation was
constrained to using existing systematic reviews to
assess the effectiveness of interventions. This
meant that only transfusion strategies where a
systematic review existed were included. This was
for two reasons. First, the aim was to base the
clinical review and economic model as far as
possible on evidence derived from data collection
methods designed to minimise bias and reduce
the chance of errors due to small sample sizes.
Second, a systematic search and review of all the

clinical literature for each transfusion strategy
were beyond the scope and resources of this
project.

The nine transfusion strategies to minimise
perioperative allogeneic blood transfusion that
were included in the systematic review were:

1. cell salvage
2. PAD
3. PAD plus EPO 
4. EPO
5. ANH
6. cell salvage plus ANH
7. AFs (aprotinin, TXA, EACA)
8. FSs
9. restrictive transfusion thresholds or protocols.

A number of transfusion strategies were excluded
by the criteria specified above. These included:
platelet-rich plasmapheresis; iron; patient (body)
warmers; new surgical equipment (e.g. cut and
coagulate at the same time); near-patient testing
(e.g. Hb and thromboelastography); haemeostatic
agents (recombinant factor VIIa); vitamin K
(promotes coagulation factor synthesis);
preoperative clinics to prepare patients for surgery
and combinations such as cell salvage combined
with ANH. The main reason for exclusion of these
transfusion interventions was that no systematic
review of evidence to support them was identified.
Patient (body) warmers and near-patient testing
were identified as interventions used for purposes
other than minimising allogeneic blood
transfusion. Total platelet-rich plasma harvest and
vitamin K were excluded since they are not
appropriate for all kinds of elective surgery with
moderate to high blood loss. Recombinant factor
VIIa was excluded because it is licensed in the UK
for restricted use for people with haemophilia and
it is not fully licensed for use in routine practice in
UK in a general elective surgery population.

Cell salvage comprises intraoperative cell salvage
and postoperative cell salvage, using washed or
unwashed techniques. The primary analyses for
the systematic review and economic model relate
to cell salvage overall. Secondary analyses
explored differences between intra- and
postoperative cell salvage (timing) and washed
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and unwashed cell salvage. The comparison
between washed and unwashed cell salvage was
included since many of the trials included in the
review of clinical evidence used one or both of
these techniques. In addition, the choice of
technique may influence the relative cost-
effectiveness of intraoperative compared with
postoperative cell salvage. However, it should be
noted that if unwashed cell salvage is used
intraoperatively, either the patient or the collected
blood needs to be anticoagulated (with either
citrate or heparin). If it were not washed out, this
anticoagulant would then be reinfused to the
patient. In addition, the use of unwashed blood
carries the potential risk of reinfusing a myriad of
bioactive substances resulting from surgical
trauma. For these reasons, unwashed cell salvage is
not deemed appropriate in current practice. Even
when the blood is defibrinated, as in the
postoperative setting, there remain issues
surrounding the quality and composition of the
unwashed blood. 

Update of the cell salvage and
PAD systematic reviews
Where possible, the methodology of the original
reviews was replicated to update the two Cochrane
systematic reviews. Additional searches were
conducted based on the search strategies and the
inclusion/exclusion criteria developed for the
original two Cochrane systematic reviews of cell
salvage and preoperative autologous donation13,30

to identify new trials published since these
searches were originally conducted (Appendix 1).
The original searches were conducted for the
period January 1966 to July 2002 for the cell
salvage review and the period January 1966 to
January 2001 for the PAD review.

The updates were performed in collaboration with
an author (Paul Carless) and review group
coordinator (Katherine Kerr) of the original cell
salvage and PAD systematic reviews. All literature
searches were carried out by one author of this
evaluation (TJB). Where no additional evidence of
effectiveness of cell salvage and/or PAD was found
for any of the included outcomes, data from the
two previous systematic reviews were reported.

Search strategy
For the update of the cell salvage review the
Cochrane Central Register of Controlled Trials
(National Electronic Library for Health, Issue 3,

2004) was searched, as were MEDLINE (Ovid,
2002–January 2004), EMBASE (Ovid,
2002–January 2004) and ISI Web of Science (Ovid,
2002–January 2004). For the update of the PAD
review the same databases were searched for the
period 2001 to January 2004. The International
Network of Agencies of Health Technology
Assessment (INAHTA) was searched from January
2002 to February 2004. The International Society
of Technology Assessment in Health Care
(ISTAHC) has been disbanded since the original
systematic reviews of cell salvage and PAD were
carried out and replaced with the International
Journal of Technology Assessment in Healthcare. This
journal index linked to MEDLINE and so any
relevant articles would have been picked up in the
search of MEDLINE. Current Contents was
searched by the authors of the original systematic
reviews of cell salvage and PAD but could not be
searched for this update owing to lack of access. 
It was for this reason that we searched the Web of
Science, which holds similar types of journal. For
both the updates all the searches were conducted
in January 2004.

Slight amendments were made to the medical
subject heading (MeSH) terms and text words of
the original search strategies. For example,
different spelling of text words was added to
identify studies that hyphenated the words ‘pre-
operative’ and ‘pre-donation’. Appendix 1
provides further details of all amendments made
to the original search strategies. The MEDLINE
and EMBASE search strategies were adapted for
use in the Cochrane Library and Web of Science
and a very broad, simple search was carried out in
INAHTA for cell salvage and PAD simultaneously.
In MEDLINE and EMBASE, the International
Study of Perioperative Transfusion (ISPOT) filter
was used to identify blood transfusion trials, as it
was in the original systematic reviews of cell
salvage and PAD. The only amendment to the
ISPOT filter was the addition of the English
spelling of haemorrhag$.tw. A randomised
controlled trial (RCT) filter for EMBASE was
developed for the update of both reviews, based
on the MEDLINE RCT filter using Ovid and the
EMBASE RCT filter using Silverplatter, which can
be found in the Cochrane Reviewers Handbook39

and a search strategy developed by TJB previously
for another HTA review.40

The original cell salvage and PAD systematic
reviews were used to exclude studies picked up in
the updated search due to a slight overlap of dates
between the original and the updated search
(January to July 2002 for the cell salvage review
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and January 2002 for the PAD review). The
electronic searches of the major databases were
run in January 2004 and so only studies published
before February 2004 were included. We excluded
studies published after January 2004 that might
have been identified during the course of the
review to exclude any potential selection bias
through including studies collected in a non-
systematic fashion.

The results of the electronic searches for both
updates were downloaded on to Reference
Manager software and de-duplicated into one file.
Reference lists of published reviews and the
bibliographies of included studies were searched
to identify any other potentially relevant studies.
These were checked against the list of studies
already assessed for inclusion and any new
potentially relevant studies were collected. Owing
to time constraints, only authors of studies where
the inclusion was unclear were contacted for more
information to ascertain if the study fitted our
inclusion criteria. Extensive attempts were made
to obtain translations of all potentially relevant
articles written in languages other than English.

Inclusion criteria
To be included, the identified studies had to meet
the following inclusion criteria:

● Be an RCT, where patients were the unit of
randomisation. Full paper publications and
abstracts were included.

● Only include adults (minimum age 18 years)
scheduled for elective non-urgent surgery.

● Compare PAD with a control group who did 
not receive PAD or compare cell salvage with 
a control group who did not receive cell 
salvage.

● Patients could only have received additional
interventions if patients in all study arms
received that additional intervention (e.g. cell
salvage plus PAD versus PAD would be included
in the update of the cell salvage systematic
review).

● Report one or more of the following primary
outcomes: proportion/number of patients
transfused with allogeneic and/or autologous
blood; the volume of allogeneic and/or
autologous blood transfused.

Secondary outcomes measured were reoperation
for bleeding, adverse transfusion reactions,
preoperative morbidity and Hb levels,
postoperative complications [thrombosis, infection,
renal failure, non-fatal myocardial infarction (MI)],
length of hospital stay and mortality. 

Data on volume of autologous blood wasted (not
transfused back to the patient) were collected from
the PAD studies for potential use in the economic
model. Data on resource use (for example, length
of hospital stay) and cost were extracted from cell
salvage and PAD studies, where reported, for
potential use in the economic analysis.

An inclusion/exclusion form was developed for the
update and used to determine inclusion
(Appendix 2). The titles and/or abstracts identified
by the electronic searches were screened
independently by two reviewers using the
inclusion/exclusion criteria form, and potentially
relevant references were copied to another file for
collection of the full paper copy. 

References were only rejected from this initial
screen if the reviewer could determine that the
study did not meet all of the inclusion criteria.
When either or both of the reviewers were unclear
whether the study should be included or excluded,
the full paper copy of the reference was obtained
for further evaluation.

Assessment for inclusion of the full paper copies
of potentially relevant studies was carried out
independently by the two reviewers. Any
differences between reviewers’ assessment of the
studies were resolved by discussion and, when
necessary, in consultation with the rest of the
project team. Reviewers were not masked to the
source and authors of the studies. Each study was
coded with reasons for rejection in the Reference
Manager software or the study was included. (See
Figure 1 for a flow chart of the selection of studies
for the update of the cell salvage and PAD
systematic reviews.)

Quality assessment
The quality of the studies included in the review
was formally assessed using the same criteria as in
the original systematic reviews. The original
systematic reviews of cell salvage and PAD assessed
the quality of included studies using quality
assessment criteria from three sources: (i) quality
assessment criteria by Schulz and colleagues41 that
are underpinned by evidence of association with
treatment effects in controlled trials; (ii) a three-
item quality assessment score proposed by Jadad
and colleagues42 and (iii) ranked allocation
concealment according to the Cochrane criterion
(grade A for adequate concealment, grade B for
uncertain and grade C for inadequate
concealment). Quality assessment of RCTs for the
update was performed independently by two
reviewers not masked to study authors. Any
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differences between reviewers were resolved by
discussion. Quality assessment of the RCTs
included information on randomisation
procedure, allocation concealment, blinding and
losses to follow-up (Appendix 3).

The original systematic reviews were critically
appraised using a form developed by the Critical
Appraisal Skills Programme that was adapted from
a quality assessment form designed by Oxman and
colleagues.43,44 Quality assessment of the
systematic reviews was performed by one reviewer
(TJB) not masked to study authors. Two initial
screening questions assessed whether the
systematic review asked a clearly focused question
and included the right type of study. A further
eight questions assessed the validity and
generalisability of the results. 

Data extraction
A data extraction form was developed and piloted
(Appendix 4). Data describing participants,
interventions and outcomes were independently
abstracted by two reviewers. Any differences
between reviewers’ extraction results were resolved
through discussion and, if necessary, through
consultation with the rest of the project team.
Participant demographics and baseline
characteristics, details of the intervention (i.e.
what, where, when and how the participants
received cell salvage or PAD), the type of elective
non-urgent surgery and the presence or absence of
a transfusion protocol were all recorded where
reported. 

Data synthesis
All analyses were performed using Review
Manager 4.1 software (MetaView 4.1). Data on the
numbers of patients exposed to allogeneic blood
and the numbers of patients in each treatment
group were entered into Review Manager. Data
were added to the original meta-analyses from the
two Cochrane systematic reviews. When
appropriate, differences in outcomes for each
comparison were combined across studies using
relative risks or weighted mean differences in
random effects meta-analyses. 

Relative risks (RRs) and 95% confidence intervals
(CIs) for allogeneic blood transfusion in the
intervention group compared with the control
group were calculated for each trial using a
random effects model.45 A similar approach was
adopted to examine the other outcomes of
transfusion. The presence of heterogeneity of
treatment effect was assessed using the Q statistic,
which has an approximate �2 distribution with

degrees of freedom equal to the number of studies
minus one.45 A p-value of ≤ 0.10 was used to
define statistically significant heterogeneity. 

The mean number of units of RBCs transfused to
each group and the corresponding standard
deviations (SDs) were also entered. Blood loss in
millilitres was converted to units of blood by
dividing by 300, to be consistent with the original
systematic reviews. Weighted mean differences
(WMDs) and 95% CIs were used to express the
average reduction in the number of units of RBC
administered to the intervention group, compared
with the control. If the SD or the standard error
of the mean were not reported for continuous
data, the study was not included in the meta-
analysis. Subgroup analyses were performed as in
the original two systematic reviews, which assessed
the effects of the type of surgery, use of
transfusion protocols, the type and timing of cell
salvage and the quality of the study. The latter
analysis may help to identify the impact of more
recent trials if they reflect lessons from previous
experience and are of better quality than less
recent trials. 

Review of the systematic reviews
A separate review of systematic reviews was
conducted to obtain data for the following
transfusion strategies: 

1. PAD plus EPO
2. EPO
3. ANH
4. cell salvage plus ANH
5. AFs (aprotinin, TXA, EACA)
6. FSs 
7. restrictive transfusion thresholds.

Search strategy
The Cochrane Database of Systematic Reviews
(National Electronic Library for Health, Issue 3,
2004) was searched using the search terms
‘allogeneic next blood next transfusion’, then
‘((cell next salvage) and (acute normovolaemic
next haemodilution))’. 

Where a systematic review was not identified in the
Cochrane Database of Systematic Reviews,
MEDLINE (OVID, 1996–August 2004) was also
searched. 

Inclusion criteria
To be included the identified studies had to meet
the following inclusion criteria:
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1. Be systematic reviews of RCTs and have
defined explicit selection criteria.

2. Only include adults undergoing elective non-
urgent surgery. 

3. Compare one or more of the following
interventions to a control group that did not
receive the intervention: 
(a) PAD plus EPO
(b) EPO
(c) ANH
(d) cell salvage plus ANH
(e) AFs (aprotinin, TXA, EACA)
(f) FSs 
(g) restrictive transfusion thresholds.

4. Report the proportion of patients transfused
with allogeneic blood or report the volume of
allogeneic blood transfused. 

An inclusion/exclusion form was developed based
upon the inclusion/exclusion form developed for
the update of the cell salvage and PAD reviews,
with changes in the inclusion criteria for study
design (to include only systematic reviews not
individual RCTs) and to include the interventions
listed above (Appendix 5).The titles and/or
abstracts identified by the electronic searches were
screened by one reviewer (TJB) using the
inclusion/exclusion criteria form, and potentially
relevant references were obtained. 

References were only rejected from this initial
screen if the reviewer could determine that the
study did not meet all the inclusion criteria. When
the reviewer was unclear whether the systematic
review should be included or excluded, the full
paper copy was obtained for further evaluation.
Assessment for inclusion of the full paper copies
of potentially relevant systematic reviews were
carried out by the same reviewer using the same
inclusion/exclusion form and the reviewer was not
masked to the source and authors of the studies.

Quality assessment
The systematic reviews were quality assessed using
a form developed for the Critical Appraisal Skills
Programme that was adapted from a quality
assessment form designed by Oxman and
colleagues.43,44 Quality assessment of the
systematic reviews was performed by one reviewer
(TJB) not masked to study authors. Two initial
screening questions assessed whether the
systematic review asked a clearly focused question
and included the right type of study. A further
eight questions assessed the validity and
generalisability of the results. Both the cell 
salvage and the PAD reviews that were updated
and the other included systematic reviews were

critically appraised using the same form to permit
comparison.

Data extraction
A data extraction form was developed for the
systematic reviews based on tables reported in the
literature.46 One reviewer (TJB) extracted data
about the focus, inclusion criteria, number and
methodological quality of the included studies in
each systematic review. Inclusion criteria included
details of study design, participants, intervention
and outcomes. 

Data synthesis
The results of the meta-analyses for each
systematic review were extracted into three tables:
number of patients transfused with allogeneic
blood, average units of allogeneic blood
transfused and adverse events. Results of the
primary outcome (proportion of patients
transfused with allogeneic blood) were also
extracted according to type of surgery and
presence or absence of transfusion protocol. RRs
or the WMD of each outcome for each
intervention could then be assessed, taking into
account the number of included RCTs used in the
estimation of each outcome and the presence of
any heterogeneity. This also allows indirect
comparison of the relative effectiveness of each
intervention when the intervention is compared
with allogeneic blood transfusion.

Review of economic evaluations
and cost studies
The systematic review of economic evaluations was
conducted for two purposes: to summarise the
economic evidence about alternative transfusion
strategies and to identify any good-quality cost
data for potential use in the economic analysis. 

Search strategy
The following databases were searched for
economic evaluations (and resource use and cost
data): MEDLINE (Ovid, 1994–April 2004),
EMBASE (Ovid, 1994–April 2004), Econlit (Ovid
WebSPIRS 5.03, 1991–March 2004), Cochrane
Database of Systematic Reviews (National
Electronic Library for Health, Issue 3, 2004),
Database of Abstracts of Reviews of Effects
(National Electronic Library for Health, Issue 3,
2004) and the NHS Economic Evaluation
Database (NHS EED) (National Electronic Library
for Health, Issue 3, 2004). The Health Economic
Evaluations Database (Office of Health Economics)
was not searched since it was felt that the
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additional yield of relevant studies given the
extensive search already carried out in the other
databases did not justify the substantial extra cost
of purchasing subscription. The search strategy for
the economic evaluation, resource use and cost
review combined the transfusion MeSH and text
terms with the search terms used to identify
economic studies for the NHS EED database
(Appendix 6). 

Reference lists of published systematic reviews of
economic evaluations and the bibliographies of
included studies were searched to identify any
other potentially relevant studies. These were
checked against the list of studies already assessed
for inclusion and any new potentially relevant
studies were collected. Studies published before
1994 were excluded unless they were subsequently
referenced more than once in papers published
after 1994. This was for two reasons. First, both
transfusion practice and knowledge of the risks
associated with allogeneic transfusion have
changed over the last 10 years, and the incidence
of adverse events and transfusion transmitted
infections associated with allogeneic blood
transfusion has declined. Second, the
methodology for economic evaluations has
become more rigorous and standardised in this
time. These factors meant that evidence published
more than 10 years ago was unlikely to be
representative of the current risks, costs and
benefits of alternative transfusion strategies.
Owing to time constraints, authors of included
studies were not contacted for further information,
nor were attempts made to obtain translations of
non-English papers. 

In addition, any resource use data identified in the
systematic reviews of effectiveness were extracted
for the economic analysis. A number of measures
used to assess the effectiveness of the transfusion
interventions were also measures of resource use
(e.g. frequency and volume of allogeneic and/or
autologous blood transfused, length of inpatient
hospital stay and dose regimen of drugs prescribed
for the AF and EPO transfusion strategies).

Inclusion criteria
Studies reporting economic evaluations were
included only if they were performed in adult
patients undergoing major elective surgery and
reported at least one resource use or cost
associated with the control or intervention
transfusion strategies, or a treatment intervention
for any adverse event associated with blood
transfusion. Data on longer term clinical
outcomes, HRQoL, satisfaction, preferences or

utility values for health states associated with
blood transfusion were also collected where
reported. 

Economic evaluations were only included if they
reported a full economic evaluation. A full
economic evaluation was defined as a study that
compared the costs and outcomes of two or more
of the transfusion strategies included in this
report. Economic evaluations based on primary
data collection or systematic reviews were given
preference. Economic evaluations that reported
resource use and costs separately and in sufficient
detail to extract costs and outcome data relevant
to any of the included transfusion strategies were
given preference. Only economic evaluations
published since 1994 were included. Economic
evaluations had to include only adult patients
undergoing any of the following types of major
elective surgery: primary and/or revision joint
replacement (orthopaedics); CABG and/or valve
replacement (cardiac). 

Economic evaluations had to include at least two
of the following interventions: intraoperative cell
salvage, postoperative cell salvage, PAD, PAD plus
EPO, EPO, ANH, AFs (aprotinin, TXA, EACA),
FSs, restrictive transfusion thresholds, allogeneic
blood.

Economic evaluations had to include one or more
of the following; reoperation for bleeding; adverse
transfusion reactions (incorrect blood component
transfused, acute haemolytic transfusion reaction,
delayed haemolytic transfusion reaction,
transfusion-related acute lung injury, post-
transfusion purpura, transfusion-related graft
versus host disease, transfusion-transmitted
infection); postoperative complications
(thrombosis, infection, renal failure, non-fatal MI,
stroke); mortality; patient-based outcomes such as
HRQoL, satisfaction, preferences or utility values
for health states. 

In addition to the inclusion criteria above, all
included papers were screened to determine the
source of resource use and cost data, methods
used to value resource use and patient benefits,
methods of analysis and generalisability of results.
Economic evaluations that used prospective data
were regarded as higher quality than economic
evaluations that relied on retrospective data, 
as were studies using data from RCTs rather than
from non-randomised trials.

A screening form for inclusion/exclusion was
developed and used for both the review of

Methods: systematic review 
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resource use and cost studies and economic
evaluations (Appendix 7). One reviewer (TJB)
conducted the initial screen of titles and abstracts
to exclude any studies that did not report resource
use or costs related to blood transfusion. One
reviewer (TJB) then screened all potentially
included papers using the inclusion/exclusion
form. The second reviewer (LD) independently
screened any references where the first reviewer
was unclear of inclusion. Differences between
reviewers were resolved by discussion. Articles were
only rejected on initial screen if the reviewer could
determine from the title and abstract that the
article did not meet the prespecified inclusion/
exclusion criteria. If a title/abstract could not be
rejected with certainty, the full text of the article
was obtained for further evaluation. 

Data extraction, quality assessment and
data synthesis
Any resource use or cost data were extracted for
potential use in populating the economic model.
A description of each of the cost studies is
provided in Appendix 12. The data extracted
from resource use and cost studies that were not
classed as economic evaluations were not
synthesised as part of this review. If data from
these studies were used in the economic model,
they are reported in Chapter 6. Quality assessment
of the economic evaluations was based on the
critical appraisal criteria used by the NHS EED.47

A data abstraction form was designed based on the
criteria used to assess abstracts for the NHS EED47

to extract data about participants, interventions,
resource use, costs and outcomes (Appendix 8).
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Updates of cell salvage and PAD
reviews
A flow chart of the selection of studies for the
update of the cell salvage and PAD systematic
reviews is shown in Figure 1.

Study flow
The electronic and bibliographic searches
identified 668 potentially relevant titles and
abstracts (Figure 1). A total of 568 of these were
excluded on the basis of title and abstract and
100 full-text papers/abstracts were collected for
more detailed evaluation. Five RCTs were
eventually included, two in the update of the 
cell salvage review48,49 and three in the update of
the PAD review.50–52 One of the cell salvage
studies was published only in abstract form.48

This was not located in the main electronic 

search but identified by searching for the same
author of another trial identified in the electronic
search where inclusion was unclear, and we
attempted to contact the author for further
details.

Excluded studies
Of the 100 potentially relevant RCTs, 95 were
excluded because they were not an RCT (50), 
were not in adults (1) undergoing major elective
non-urgent surgery (2), were not a relevant
intervention (31), did not report any usable
outcomes (2) or for other reasons (9). Other
reasons were: excluded in the original PAD review
for being either a duplicate report or a large
number of participants excluded from the analysis,
included in the original cell salvage review,
referenced incorrectly and could not be located by
the library. 
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Chapter 3

Results: systematic reviews of effectiveness

Potentially relevant publications
identified and screened for retrieval:

668

Papers excluded on the basis of title
and abstract:

568

Total RCTs included for PAD
update:

3

Excluded RCT publications; reasons:

Not an RCT
Not adults requiring major elective surgery
Not relevant intervention
No usable outcome data
Other

Total RCTs

50
3

31
2
9

95

Papers retrieved for more detailed
evaluation:

100

Total RCTs included:
5

Total RCTs included for cell salvage
update:

2 (1 as abstract only)

FIGURE 1 Flow diagram for identifying RCTs for the update of the cell salvage and PAD systematic reviews



Translation of potentially relevant
papers 
Eight potentially relevant studies were published
in languages other than English (four Russian and
one each Japanese, Chinese, Spanish and Czech).
The reviewers contacted the Cochrane Review
group coordinator of the original cell salvage and
PAD systematic reviews, Katherine Kerr, who
referred the Russian studies on to the Russian
Cochrane centre and the Spanish study to a
Spanish translator who generously screened these
references on our behalf. All these studies were
eventually excluded for not meeting all of the
inclusion criteria. 

Cell salvage update
Two RCTs were included in the update of the cell
salvage systematic review and Table 1 describes the
characteristics of the two included studies.

Characteristics of new studies 
Appendix 9 describes the characteristics of the
original cell salvage systematic review. Two RCTs
were included in this update, from one published
paper and one abstract.48,49 The studies included
125 participants randomised to the relevant study
arms, with studies varying only slightly in size
from 30 to 33 participants per arm. Both studies
were single-centre, conducted in China and Russia
and published in 2003. Both studies had the same
primary objective: to assess whether cell salvage
could reduce exposure to allogeneic blood
transfusion.

Both studies were carried out in participants
undergoing CABG. The mean age was 59 years in
one study and was not stated in the other. There
were more males than females in one study and
not stated in the other. One study only included
patients who bled less than 800 ml through
draining tubes during first 8 hours postoperation;
the other excluded patients with a bleeding time
of more than 10 minutes (due to anticoagulant
use), preoperative left ventricular ejection fraction
less than 0.40 or diabetes, pulmonary or renal
disease. 

Both studies compared cell salvage with no cell
salvage or allogeneic blood only. One study
salvaged blood postoperatively and retransfused
washed RBCs postoperatively. In the other study it
was unclear if blood was salvaged both
intraoperatively and postoperatively, and non-
washed shed mediastinal blood retransfused
postoperatively when considered necessary. Use of

a transfusion threshold was reported in one study
only and only with respect to autologous blood. It
was unclear whether allogeneic blood was
transfused routinely to the control group.

Reporting of relevant outcomes was scant; one
study reported the number of patients exposed to
allogeneic blood, volume of allogeneic blood
transfused, blood loss, preoperative Hb; and the
other study reported the number of patients
exposed to allogeneic blood. The longest period
of follow-up for a reported outcome was 7 days; no
other adverse events were reported. 

Complete assessment of the methodological
quality of the study conducted by Naumenko and
colleagues48 could not be performed, as only a
published abstract was available. The word
‘randomisation’ was reported in the trial but the
method of randomisation was not reported.
Allocation concealment, blinding and intention-to-
treat (ITT) analysis were all unclear as they were
not reported in the abstract. Using the Jadad
quality assessment instrument,42 the study by Zhao
and colleagues49 scored a total of 1 out of a
possible 5, with the score of 1 given because the
study reported that participants were ‘divided at
random’ (but failed to provide any further details).
Using the Cochrane grading system for allocation
concealment, the trial scored B as the method of
allocation concealment was not specified. Blinding
was not reported. The study failed to report
whether an ITT analysis had been performed but
the same number of participants in each arm were
assessed as were allocated.

Critical appraisal of the original
systematic review of cell salvage
The systematic review (prior to update) asked a
clearly focused question in terms of the population
studied, intervention given and outcomes
considered. The systematic review included a
relevant type of study design to answer the
review’s question. The systematic review attempted
to identify all relevant studies by conducting a
thorough search of the literature. The systematic
review formally quality appraised individual
studies in duplicate using standardised forms and
assessing inter-rater reliability. The review
presented the results clearly and precisely using
relative risk (RR) (random effects) with CIs and 
p-values and attempted to explain sources of
significant heterogeneity. Fourteen of the 49
studies were conducted in the UK with the
majority in cardiac and orthopaedic surgery, which
supported generalisability to the UK setting where
cell salvage is practised. Some evidence of

Results: systematic reviews of effectiveness 
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TABLE 1 Characteristics of included studies for the cell salvage update

Study Methods and validity Participant Intervention details Outcome 
identifier characteristics assessment

Naumenko, 
200348

Location:
one centre, 
hospital 
Russia
Abstract 
only
Period of 
study: prior 
to 2003
Length of 
study: not 
reported

Zhao, 200349

Location:
one centre, 
Fuwai 
Hospital, 
Beijing, 
China
Period of 
study:
January to 
October 
2000
Length of 
study:
7 days

Method of
randomisation
‘randomisation’
Allocation
concealment: unclear 
Baseline
comparability: unclear,
‘no significant difference
between groups was
detected at any stage of
the study’
Participant blinding:
no
Assessor blinding:
unclear 
Intention-to-treat:
unclear
A priori sample size:
unclear

Type of elective
surgery: CABG
Primary outcome of
study: to decrease
allogeneic transfusion
Baseline risk factors:
no details
Age: no details
Sex: no details
Inclusion criteria:
patients with an
uneventful
postoperative period
(discharge of less than
800 ml through draining
tubes during first
8 hours postoperation
Exclusion criteria: no
details

Comparison: drainage discharge
collected for 8 hours postoperatively
and reinfused (b) vs no retransfusion
of drainage discharge (a)
Type of cell salvage machine:
BRAT-2 Cell Saver
Timing of autologous blood
collection/retransfusion: drainage
discharge collected for 8 hours
postoperatively and erythrocytes
reinfused postoperatively after
washing (group B only)
Volume of autologous blood
collected/retransfusion: up to
800 ml collected, no other details
Use of transfusion threshold: no
details
Other active intervention given
to both arms: no details
Length of surgery: no details
Aortic cross-clamp time: no details

Allocated:
(a) 33, (b) 32
Assessed:
(a) 33, (b) 32 
Outcomes
reported:
number exposed
to allogeneic
blood

Method of
randomisation:
‘divided at random’
Allocation
concealment: unclear
(b)
Jadad score: 1 out of 5
Baseline
comparability:
adequate
Participant blinding:
no
Assessor blinding:
unclear 
Intention-to-treat:
unclear
A priori sample size:
no

Type of elective
surgery: CABG
Primary outcome of
study: to evaluate if cell
salvage reduced need
for and volume of
allogeneic blood
transfusion
Baseline risk factors:
no details
Age: (a) 59.2 (8.2); 
(b) 59.5 (8)
Sex: M/F: (a) 27/3; 
(b) 26/4
Inclusion criteria: no
details
Exclusion criteria:
bleeding time more than
10 minutes due to
anticoagulant use;
preoperative left
ventricular ejection
fraction <0.40;
diabetes; pulmonary or
renal disease

Comparison: shed mediastinal blood
reinfused (b) vs banked allogeneic
blood (a)
Type of cell salvage machine:
Beijing PerMed Biomedical
Engineering Company
Timing of autologous blood
collection/retransfusion: non-
washed shed mediastinal blood
retransfused postoperatively after
CABG [group (b) only]; mean 280 ml
(155) autologous blood retransfused
[group (b) only]; suction apparatus to
make negative pressure 20 cm H2O;
up to 18 hours post-surgery
Volume of autologous blood
collected/retransfusion: shed blood
not returned within 4 hours was
discarded and a new bag attached 
Use of transfusion threshold:
when more than 200 ml shed
mediastinal blood collected within
4 hours the patients in group (b)
received autologous blood if volume
replacement was considered
necessary
Other active intervention given
to both arms: extracorporeal blood
routinely returned to all patients after
CABG
Length of surgery: (a) 121 minutes
(58); (b) 121 minutes (26)
Aortic cross-clamp time: (a)
76 minutes (33); (b) 74 minutes (15)

Allocated:
(a) 30, (b) 30
Assessed:
(a) 30, (b) 30 
Outcomes
reported:
number exposed
to allogeneic
blood; volume of
allogeneic blood
transfused (ml);
number exposed
to autologous
blood; volume of
autologous blood
transfused (ml);
postoperative
blood loss (median
and range);
preoperative
haemoglobin



publication bias was found in the form of a
missing population of small negative studies in
funnel plots. The review did not consider cost-
effectiveness and the reviewer could not tell if
policy or practice should change as a result of the
evidence. Use of washed cell salvage appears
justified in orthopaedic patients. 

Results of the cell salvage update
As only two studies (125 cardiac patients) were
included in the update, very few data were added
to the meta-analyses conducted in the original
Cochrane systematic review. Paul Carless, co-
author of the original cell salvage and PAD
systematic reviews, provided the RevMan database
containing the raw data and the meta-analyses
plots. Data from the included studies obtained
from the update were added to these meta-
analyses and the results are reported in aggregate
(i.e. the original data plus the data obtained from
the update). The original systematic review
analysed the data separately for all included
studies, those studies that compared an active to a

control intervention and those studies where both
the intervention and control arms also received an
additional active intervention. The same approach
was used for this update. The results for all these
comparisons are included in Appendix 10. The
main objective of the update was to provide up-to-
date evidence for the economic model. Therefore,
only the active versus control comparison is shown
in Tables 2–4. Table 2 presents the RR of receiving a
transfusion of allogeneic blood in patients
receiving cell salvage compared with control. Table
3 presents the WMD in units of allogeneic blood
transfused in patients receiving cell salvage
compared with control. Table 4 presents the RR of
having an adverse event in patients receiving cell
salvage compared with control. Results in the tables
in bold type indicate where data have been added
as a result of the update of the systematic review.
The results of the individual studies included in
the update are not reported separately. The
contribution of any additional data by these studies
is identified and discussed in the light of what it
adds to the original systematic reviews. 

Results: systematic reviews of effectiveness 
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TABLE 2 Meta-analysis and subgroup analysis results for the cell salvage update – number of patients transfused with allogeneic
blooda

Meta-analysis No. of No. of No. of RR 95% CI Heterogeneity
RCTs events/no. of events/no. of (random p-value

participants participants effects)
in cell salvage in control

Active vs control 28 405/1035 677/1029 0.59 0.48 to 0.73 p < 0.00001
I2 = 90.6%

Transfusion protocol 24 349/841 551/833 0.63 0.51 to 0.77 p < 0.00001
I2 = 89.1%

No transfusion 4 56/194 126/196 0.27 0.02 to 4.08 p < 0.00001
protocol I2 = 95.8%

Cardiac 14 291/516 373/513 0.81 0.70 to 0.93 p < 0.00001
I2 = 78.9%

Orthopaedic 11 74/128 239/421 0.35 0.24 to 0.52 p = 0.0009
I2 = 66.5%

Vascular 3 40/91 65/95 0.55 0.13 to 2.36 p = 0.0003
I2 = 87.9%

Washed 14 168/550 324/560 0.53 0.39 to 0.72 p < 0.00001
I2 = 87.2%

Unwashed 13 236/425 318/409 0.73 0.58 to 0.91 p < 0.00001
I2 = 88.4

Intraoperative 5 74/191 113/191 0.61 0.39 to 0.95 p = 0.01
I2 = 68.9%

Postoperative 18 287/738 473/724 0.60 0.45 to 0.79 p < 0.00001
I2 = 93.1%

Intra- + postoperative 5 44/106 91/114 0.52 0.26 to 1.01 p < 0.00001
I2 = 90.8%

a Results in bold indicate where data have been added as a result of the update of the systematic review.
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TABLE 3 Meta-analysis and subgroup analysis results for the cell salvage update – units of allogeneic blood transfuseda

Meta-analysis No. of No. of No. of WMD 95% CI Heterogeneity 
RCTs participants participants (random p-value

in cell salvage in control effects)

Active vs control 18 638 622 –0.90 –1.23 to –0.56 p < 0.00001
I2 = 79.9%

Transfusion protocol 15 486 483 –0.81 –1.16 to –0.46 p < 0.00001
I2 = 81.9%

No transfusion protocol 3 152 139 –1.64 –2.96 to –0.33 p = 0.05
I2 = 66.7%

Cardiac 11 442 424 –0.97 –1.40 to –0.55 p < 0.00001
I2 = 76.0%

Orthopaedic 4 103 105 –1.13 –1.78 to –0.48 p = 0.002
I2 = 80.1%

Vascular 3 93 93 0.02 –0.34 to 0.38 p = 0.42
I2 = 0%

a Results in bold indicate where data have been added as a result of the update of the systematic review.

TABLE 4 Meta-analysis and subgroup analysis results for the cell salvage update – adverse events and other outcomes

Outcome Meta- No. of No. of No. of RR 95% CI Heterogeneity 
analysis RCTs events/no. of events/no. of (random p-value

participants participants effects)
in cell salvage in control

Mortality All studies 15 13/614 11/598 1.22 0.55 to 2.70 p = 0.78
I2 = 0%

Active vs 11 13/417 8/394 1.53 0.65 to 3.61 p = 0.86
control I2 = 0%

Reoperation All studies 14 22/563 20/556 1.00 0.55 to 1.81 p = 0.87
for bleeding I2 = 0%

Active vs 8 13/302 10/290 1.08 0.47 to 2.48 p = 0.65
control I2 = 0%

Any infection All studies 13 25/721 34/669 0.74 0.44 to 1.25 p = 0.49
I2 = 0%

Active vs 9 24/420 31/406 0.75 0.41 to 1.37 p = 0.37
control I2 = 0%

Wound All studies 9 17/392 15/338 0.91 0.46 to 1.81 p = 0.79
complication I2 = 0%

Active vs 7 14/263 14/241 0.88 0.42 to 1.81 p = 0.75
control I2 = 0%

Any All studies 7 9/264 6/233 1.46 0.56 to 3.83 p = 0.95
thrombosis I2 = 0%

Active vs 6 9/189 6/190 1.46 0.56 to 3.83 p = 0.95
control I2 = 0%

Stroke All studies 4 3/247 5/249 0.65 0.17 to 2.50 p = 0.76
I2 = 0%

Active vs 3 2/149 3/149 0.73 0.14 to 3.72 p = 0.57
control I2 = 0%

Non-fatal MI All studies 9 16/411 22/420 0.76 0.40 to 1.43 p = 0.68
I2 = 0%

Active vs 5 10/223 19/225 0.58 0.28 to 1.19 p = 0.88
control I2 = 0%

DVT Active vs 4 6/124 7/125 0.93 0.31 to 2.77 p = 0.54
control I2 = 0%

Hospital Active vs 5 203 194 –1.28 –2.65 to 0.08 p = 0.13
length of stay control I2 = 0%

DVT, deep vein thrombosis.



For a full description of the studies included in the
original systematic reviews of cell salvage, for
results of active versus active comparisons and
outcomes where no extra data were added, readers
are referred to the original publication.30 Where
data were added they had minimal impact on the
results. Treatment effect reached significance with
the addition of the study by Zhao and colleagues49

for the number exposed to allogeneic blood in
cardiac surgery (all studies) where participants
received washed salvaged blood (RR 0.90, 
95% CI 0.81 to 1.00 in original review to RR 0.87,
95% CI 0.78 to 0.97 after update). The study by
Naumenko and colleagues48 favoured control for
exposure to allogeneic blood but the CIs were
relatively wide and it did not impact on overall
results. The quality of both new studies was poor
which was similar to the quality of the studies in
the original review.

Cell salvage reduced the RR of exposure to
allogeneic blood by 41% (95% CI 27 to 52%) for
active versus control studies. There was no
significant reduction in exposure to allogeneic
blood between cell salvage and control when a
transfusion protocol was used in active versus
control studies. Cell salvage significantly reduced
the risk of exposure to allogeneic blood in cardiac
and orthopaedic surgery, washed and unwashed,
intraoperatively and postoperatively. When cell
salvage was performed intra- plus postoperatively
and when cell salvage was conducted in vascular
surgery, there was no significant reduction in
exposure to allogeneic blood in active versus
control studies. In active versus control studies,
cell salvage reduced the RR of exposure to
allogeneic blood more in orthopaedic surgery than
in cardiac surgery. Cell salvage was more effective
in reducing the relative risk of exposure to
allogeneic blood when the salvaged blood was
washed rather than unwashed, in active versus
control studies. 

The use of cell salvage reduced the volume of
RBCs transfused by a WMD of 0.90 units per
patient (95% CI –1.23 to –0.56 units). Pooled
estimates of effect were larger in those trials that
did not report the use of transfusion protocols
(WMD –1.64 units (95% CI –2.96 to –0.33)
compared with those trials that reported the use of
transfusion protocols (WMD –0.81 units: 95% CI
–1.16 to –0.46) in active versus control studies. 

Cell salvage did not appear to affect clinical
outcomes adversely, but the data were insufficient
to draw conclusions on the effect of cell salvage on
important clinical events.

Figure 2 presents the forest plot of the meta-
analysis of the RR of exposure to allogeneic blood
in cell salvage compared with control for studies in
which participants did not receive any other active
co-intervention. Appendix 10 presents the Forest
plots for all other outcomes where data were
added to the Forest plots from the original
Cochrane systematic review

Statistically significant heterogeneity was observed
for virtually all of the meta-analyses examining the
RR of receiving a transfusion of allogeneic blood
in cell salvage compared with control. The
observed variation in treatment effects was in both
the size and direction of effect with RR point
estimates for red cell transfusion exposure for the
individual trials, ranging from 0.03 to 2.06 in
active versus control studies. Of the 28 trials that
provided data for the number of patients exposed
to allogeneic red cell transfusion, four reported a
negative effect of cell salvage with one of the
effects in one of these trials being significant, and
only 16 trials found that cell salvage statistically
significantly reduced the probability of receiving a
red cell transfusion.

Subgroup analyses by (i) the presence or absence
of a transfusion protocol, (ii) cardiac or
orthopaedic surgery, washed or unwashed
salvaged blood, (iii) intraoperative or
postoperative cell salvage and (iv) grade B or
grade C studies (Appendix 10) did not explain
this variation in treatment effect between studies.
Statistically significant heterogeneity was 
observed in all of the subgroup analyses. Non-
English studies were not heterogeneous with
regard to this outcome (Appendix 10) but there
were too few non-English studies to draw any
conclusions.

The methodological quality of trials was poor 
with lack of blinding and allocation concealment.
None of the trials were graded A for adequate
concealment allocation, making it difficult to
assess the impact of trial quality on treatment
effects. It is unlikely that the addition of the two
new studies would alter the conclusion of the
original review that there was some evidence of
publication bias in the form of a missing
population of small negative studies.

PAD update
Three RCTs were included in the update of the
PAD systematic review and Table 5 describes the
characteristics of the included studies.

Results: systematic reviews of effectiveness 
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Characteristics of new studies
Appendix 9 describes characteristics of the PAD
systematic reviews. Three RCTs were included in
this comparison.50–52 A total of 320 participants
were randomised to the relevant study arms, with
studies varying in size from 20 to 80 participants
per arm. All three studies were one-centre trials,
with two studies conducted in the USA and one in
Greece. The studies were published between 2001
and 2003 (one study was conducted between 1990
and 1995 but not published until 2001). The
period of follow-up was 4 weeks in one study,
6 weeks in one study and not stated in one study.
Only one study reported performing a sample size
calculation to ensure that the study was sufficiently
powered to detect any differences in outcomes
between the comparisons. All three studies aimed

to assess the effectiveness of PAD compared with
no PAD, the efficacy of EPO alone and in
combination with PAD, the efficacy of PAD in
combination with EPO compared with PAD alone
and a control group in reducing the need for
allogeneic blood. 

Two studies were carried out on participants
undergoing joint arthroplasty (one for total hip
arthroplasty and the other for a mixture of
unilateral, bilateral, primary and revision hip and
knee arthroplasty). One study was performed in
patients undergoing maxillofacial surgery. One
study, by Billote and colleagues,51 was performed
in patients with no co-morbidities where the
patients were relatively healthy, young and
predominantly male, with a higher Hb level as an
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Review:
Comparison:
Outcome:

Cell salvage for minimising perioperative allogeneic blood transfusion (updated)
03 Cell Salvage – Blood Transfused (Active vs Control)
01 No. Exposed to Allogeneic Blood (Active vs Control)                                                        

Study  Cell salvage  Control  RR (random)  Weight  RR (random)
or subcategory   n/N    n/N  95% CI  (%)  95% CI

01 Cell salvage vs Control
 Lepore, 198930               50/67              62/68          4.92      0.82 (0.70 to 0.96)        
 Eng, 199030                  17/20              17/20          4.70      1.00 (0.77 to 1.30)        
 Elawad, 199130                 6/20              18/20          3.29      0.33 (0.17 to 0.66)        
 Lorentz, 199130                8/16              10/15          3.56      0.75 (0.41 to 1.38)        
 Majowski, 199130               7/20              19/20          3.57      0.37 (0.20 to 0.68)        
 Parrot, 199130               13/21              22/22          4.49      0.62 (0.44 to 0.87)        
 Shirvani, 199130             20/21              21/21          5.01      0.95 (0.87 to 1.05)        
 Heddle, 199230               10/39              27/40          3.67      0.38 (0.21 to 0.68)        
 Kelley, 199330                 4/18                3/18          1.65      1.33 (0.35 to 5.13)        
 Koopman, 1993/a30            15/17              20/20          4.90      0.88 (0.74 to 1.05)        
 Koopman, 1993/b30              5/29              13/30          2.64      0.40 (0.16 to 0.97)        
 Laub, 199330                   5/19              13/19          2.89      0.38 (0.17 to 0.87)        
 Ward, 199330                 15/18                8/17          3.78      1.77 (1.03 to 3.05)        
 Bouboulis, 199430            34/42              28/33          4.83      0.95 (0.78 to 1.17)        
 Rosencher, 199430              6/20                6/10          2.80      0.50 (0.22 to 1.16)        
 Schmidt, 199630              15/53              31/56          3.98      0.51 (0.31 to 0.83)        
 Unsworth, 199630             32/36              31/34          4.93      0.97 (0.83 to 1.14)        
 Newman, 199730                 3/35              28/35          2.14      0.11 (0.04 to 0.32)        
 Shenolikar, 199730             8/50              40/50          3.41      0.20 (0.10 to 0.38)        
 Spark, 199730                  3/23              26/27          2.22      0.14 (0.05 to 0.39)        
 Adalberth, 199830              8/24              10/25          3.11      0.83 (0.40 to 1.75)        
 Clagett, 199930              33/50              36/50          4.69      0.92 (0.70 to 1.19)        
 Dalrymple-Hay, 199930        28/56              46/56          4.62      0.61 (0.46 to 0.81)        
 Sait, 199930                   1/60              35/60          0.94      0.03 (0.00 to 0.20)        
 Thomas, 200130               12/115            33/116         3.56      0.37 (0.20 to 0.67)        
 McGill, 200230               26/84              43/84          4.34      0.60 (0.41 to 0.89)        
 Naumenko, 200348               2/32                1/33          0.69      2.06 (0.20 to 21.64)      
 Zhao, 200349                 19/30              30/30          4.67      0.63 (0.48 to 0.83)        
Subtotal (95% CI) 1035               1029 100.00      0.59 (0.48 to 0.73)

Total events: 405 (cell salvage), 677 (control)
Test for heterogeneity: �2 = 287.73, df = 27 (p < 0.00001), I2 = 90.6%
Test for overall effect: z = 4.84 (p < 0.00001)

 0.01  0.1  1  10  100
 Favours cell salvage  Favours control

FIGURE 2 Relative risk of exposure to allogeneic blood, cell salvage versus control (excluding studies with active co-intervention)



inclusion criterion. The study by Bezwada and
colleagues52 included patients with cardiovascular,
renal and pulmonary risk factors at baseline. 

The mean age of patients ranged from 58 to
65 years in two studies and from 18 to 45 years in
the third. There were more males than females in
one study and more females than males in two
studies. Baseline comparability was similar with
regard to age and sex but one study reported
significantly higher haematocrit levels in the
control group compared with the levels in the PAD
group and the PAD plus EPO group combined.
One study reported significantly lower Hb levels
for the PAD group compared with the control
group who did not receive PAD. One study
reported significantly lower Hb levels for the 
EPO group compared with the EPO plus PAD
group. 

All three studies compared PAD with no PAD. One
study gave EPO to both the active and control
groups, and study participants undergoing
revision and bilateral arthroplasty received
intraoperative or intra- and postoperative cell
salvage (there did not appear to be significant
differences in the number of participants in each
arm who received or did not receive cell
salvage).52

Participants in one study predonated two units,
one unit each time 1 week apart at least 2 weeks
prior to surgery; participants in two studies
predonated one or two units of blood depending
on the type of surgery 1 week apart, at least
1 week prior to surgery in one study and not
stated in the other study. Two studies retransfused
autologous blood intraoperatively and one
postoperatively. Participants in all included arms
of all three studies received iron supplementation.
None of the studies reported length of surgery. 

Two of the studies reported using a transfusion
threshold to guide the decision whether to
transfuse a patient with autologous or allogeneic
blood.51,52 The study by Christopoulou and
colleagues50 did not report using a transfusion
threshold to determine whether to transfuse with
autologous or allogeneic blood. One of these
studies used different transfusion thresholds for
allogeneic and autologous transfusion. The
outcomes reported that are relevant to this review
update were: number of patients transfused with
allogeneic blood, volume of allogeneic blood
transfused, number of patients transfused with
autologous blood, volume of autologous blood
transfused, preoperative Hb, volume of autologous

blood wasted and length of hospital stay. One
study reported postoperative complications
including wound haematomas, pulmonary
embolus, mortality, stroke and deep vein
thrombosis (DVT). However, these were not
reported by intervention group, only in total.
None of the studies reported any longer term
outcomes.

Using the Jadad quality assessment instrument,
two studies scored 1 and one study51 scored 3 out
of a possible 5. Both studies that scored 1 received
the score of 1 because the study was described as
randomised (but failed to provide any further
details). The study by Billote and colleagues51

scored 2 out of 2 for randomisation because it
reported the method of randomisation that was
judged as appropriate. Using the Cochrane
grading system for allocation concealment, two
studies scored B as the method of allocation
concealment was not specified, and the study by
Billote and colleagues51 scored A as an adequate
method to secure allocation concealment was
reported.

Blinding was unclear in all three studies, but in
one study only the operating surgeon was blinded
only to whether the patient had received EPO and
the participants received open-label treatment.52

In the study by Billote and colleagues,51 the
decision to transfuse intraoperatively was made by
the anaesthetist who was not involved in the study. 

One study did not perform an ITT analysis as
participants were excluded from the analysis by
the authors51 and in one study it was unclear
whether an ITT analysis had been used. One
study did analyse all the participants who were
recruited and scored 1 out of 1 for the item
relating to withdrawals.52

Critical appraisal of the original
systematic review of PAD
The systematic review (prior to update) asked a
clearly focused question in terms of the population
studied, intervention given and outcomes
considered. The review included a relevant type of
study design to answer the review’s question. The
review attempted to identify all relevant studies by
conducting a thorough search of the literature.
The review formally quality appraised individual
studies in duplicate using standardised forms and
assessing inter-rater reliability. The review
presented the results clearly and precisely using
RR (random effects) with CIs and p-values and
attempted to explain sources of significant
heterogeneity. Only nine trials were included and

Results: systematic reviews of effectiveness 
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none were conducted in the UK, where PAD is not
standard practice, which limits the generalisability
of the results.

The authors noted that there were concerns about
publication owing to the number of small trials
found. The small number of trials meant that it
was not feasible to evaluate this further. The
review did not consider cost-effectiveness and the
reviewer could not tell if policy or practice should
change as a result of the evidence.

Results of the included studies for the
PAD update
As only three studies (196 orthopaedic and 48 oral
surgery patients) were included in the update, very
few data were added to the meta-analyses

conducted in the original Cochrane systematic
review. Appendix 11 presents all the PAD results.
Table 6 presents the RR of receiving a transfusion
of allogeneic blood, allogeneic and/or autologous
blood, any thrombosis and any infection in
patients receiving PAD compared with control.
Table 7 presents the WMD in preoperative Hb
levels in patients receiving PAD compared with
control. 

Overall, PAD reduced the risk of allogeneic blood
transfusion by a relative 64% (RR 0.36, 95% 
CI 0.25 to 0.51). PAD significantly reduced the RR
of exposure to allogeneic blood for all studies,
with and without a transfusion protocol, in
orthopaedic, oncology and one oral surgery trial.
The pooled RR of exposure to allogeneic blood
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TABLE 6 Meta-analysis and subgroup analysis results for the PAD updatea

Outcome Meta- No. of No. of No. of RR 95% CI Heterogeneity 
analysis RCTs events/no. of events/no. of (random p-value

participants participants effects)
in cell salvage in control

No. of All studies 11 149/716 375/707 0.36 0.25 to 0.51 p = 0.0005
patients I2 = 69.6%
transfused Transfusion 7 138/585 299/611 0.48 0.38 to 0.60 p = 0.18
with protocol I2 = 34.3%
allogeneic 

No 4 11/121 76/96 0.12 0.04 to 0.33 p = 0.08blood
transfusion I2 = 56.2%
protocol

Orthopaedic 5 21/221 75/204 0.21 0.11 to 0.43 p = 0.07
I2 = 56.9%

Oncology 5 128/467 280/483 0.49 0.38 to 0.63 p = 0.15
I2 = 41.3%

Oral 1 0/28 20/20 0.02 0.00 to 0.28 NA

No. of All studies 9 496/620 343/612 1.33 1.10 to 1.61 p < 0.00001
patients I2 = 80.6%
transfused Transfusion 5 384/499 267/516 1.48 1.16 to 1.89 p = 0.001
with protocol I2 = 78.2%
allogeneic/

No 4 112/121 76/96 1.10 0.95 to 1.29 p = 0.26autologous 
transfusion I2 = 24.8%blood
protocol

Orthopaedic 3 105/125 43/109 1.78 0.61 to 5.20 p < 0.00001
I2 = 97.2%

Oncology 5 363/467 280/483 1.38 1.20 to 1.58 p = 0.13
I2 = 44.5%

Any All studies 3 6/140 3/110 0.82 0.21 to 3.13 p = 0.53
thrombosis I2 = 0%

Any infection All studies 3 74/309 81/312 0.70 0.34 to 1.43 p = 0.07
I2 = 61.9%

NA, not applicable.
a Results in bold indicate where data have been added as a result of the update of the systematic review.



transfusion for patients in orthopaedic surgery
randomised to PAD was 0.21 (95% CI 0.11 to
0.43). The RR reduction ranged from 52% (95%
CI 40 to 62%) with a transfusion protocol to 88%
(95% CI 67 to 96%) without a transfusion protocol.
The risk of receiving any transfusion was actually
increased (allogeneic and/or autologous) in those
randomised to PAD compared with control 
(RR 1.33, 95% CI 1.10 to 1.61). 

The data on adverse events were insufficient to
draw conclusions of the effect of PAD on
important clinical events. In individual studies the
numbers of adverse events were small, with no
significant difference in any thrombosis or any
infection between the PAD and control groups.
Preoperative Hb levels were significantly 

reduced in PAD patients (WMD –1.16; 95% CI
–1.60 to –0.73). 

Figure 3 presents the Forest plot of the meta-
analysis of the RR of exposure to allogeneic blood
in PAD compared with control. Figure 4 presents
the Forest plot of the meta-analysis of the RR of
exposure to any type of blood (allogeneic and/or
autologous) in PAD compared with control.
Appendix 11 presents the Forest plots for all other
outcomes where data were added to the Forest
plots from the original Cochrane systematic review. 

For a full description of the studies included in the
original systematic review of PAD, for Forest plots
of outcomes where no extra data were added,
readers are referred to the original publication.13
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TABLE 7 Meta-analysis and subgroup analysis results for the PAD updatea

Outcome Meta- No. of No. of No. of WMD 95% CI Heterogeneity 
analysis included participants participants (random p-value

RCTs in cell salvage in control effects)

Preoperative All 5 267 267 –1.16 –1.60 to –0.73 p = 0.004
Hb levels studies I2 = 73.9%
(g/dl)

a Results in bold indicate where data have been added as a result of the update of the systematic review.

Review:
Comparison:
Outcome:

Preoperative autologous donation for minimising perioperative allogeneic blood transfusion (updated)
01 PAD vs Control (Blood Transfused)
01 No. Exposed to Allogeneic Blood Transfusion                                                                

Study  PAD  Control  RR (random)  Weight  RR (random)
or subcategory  n/N  n/N  95% CI  (%)  95% CI

 Elawad, 199113                 3/45              14/15          6.82      0.07 (0.02 to 0.21)       
 Lorentz, 199113                2/16              10/15          5.19      0.19 (0.05 to 0.72)       
 Hoynck, 199213               30/131            84/137        16.23      0.37 (0.27 to 0.53)       
 Busch, 199313                66/239          133/236        17.59      0.49 (0.39 to 0.62)       
 Heiss, 199313                20/58              37/62         15.25      0.58 (0.38 to 0.87)       
 Kajikawa, 199413               1/10              13/21          3.04      0.16 (0.02 to 1.07)       
 Hedstrom, 199613               7/38              29/40         11.10      0.25 (0.13 to 0.51)       
 Heiss, 199713                11/29              13/27         12.31      0.79 (0.43 to 1.45)       
 Christopoulou, 200150          0/28              20/20          1.57      0.02 (0.00 to 0.28)       
 Billote, 200251               0/42                0/54                Not estimable         
 Bezwada, 200352                9/80              22/80         10.90      0.41 (0.20 to 0.83)       

Total (95% CI) 716                 707 100.00      0.36 (0.25 to 0.51)
Total events: 149 (PAD), 375 (control)
Test for heterogeneity: �2 = 29.56, df = 9 (p = 0.0005), I2 = 69.6%
Test for overall effect: z = 5.64 (p < 0.00001)

 0.01  0.1  1  10  100

 Favours PAD Favours control

FIGURE 3 Relative risk of exposure to allogeneic blood, PAD versus control 



It should be noted that in the study by Bezwada
and colleagues,52 participants in both arms also
received EPO and some also received cell salvage.
The study by Christopoulou and colleagues50 was
the only study to have been identified so far in
oral and maxillofacial surgery. Therefore, the
additional studies found in the update vary
considerably in terms of participant characteristics
and study interventions. The study by Billote and
colleagues51 increased the RR of exposure to
allogeneic and/or autologous blood in orthopaedic
patients but the overall RR failed to reach
significance.

The quality of the new studies was poor, which is
similar to the quality of the studies in the original
review, although the study by Billote and
colleagues51 scored 3 out of a possible 5 using the
Jadad instrument,42 and this was the highest
aggregate score of all nine included studies
following the update.

Statistically significant heterogeneity was observed
in the meta-analyses that examined the RR of
receiving a transfusion of allogeneic blood in PAD,
compared with control. The variation was in terms
of the size, not the direction, of effect with RR
point estimates for red cell transfusion exposure
for the individual trials ranging from 0.02 to 0.79.
Eight of the 11 studies demonstrated that PAD

significantly reduced the probability of exposure to
allogeneic blood transfusion and none of the 11
studies had a negative effect (in favour of control).
Subgroup analyses by the presence or absence of a
transfusion protocol and the type of surgery
appeared partly to explain this variation in
treatment effect between studies. There was no
significant heterogeneity in studies that reported
using a transfusion protocol and in cancer surgery
with regard to this outcome. The additional
studies found in the update varied considerably in
terms of participant characteristics and study
interventions. This might explain why
heterogeneity became significant with the addition
of the study by Bezwada and colleagues52 with
regard to exposure to allogeneic blood in
orthopaedic patients. It also may explain why
heterogeneity became significant with the addition
of the study by Christopoulou and colleagues50

with regards to exposure to allogeneic blood
without a transfusion protocol.

The methodological quality of the trials was poor,
trials were unblinded and allocation concealment
was not described in the majority of studies. The
addition of three small trials to the original review
meant that it was not possible to evaluate
publication bias formally. This means that the
concerns about publication bias raised in the
original review still stand.13
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Review:
Comparison:
Outcome:

Preoperative autologous donation for minimising perioperative allogeneic blood transfusion (updated)
01 PAD vs Control (Blood Transfused)
04 No. Exposed to Allogeneic/Autologous Blood Transfusion                                                   

Study  PAD  Control  RR (random)  Weight  RR (random)
or subcategory  n/N  n/N  95% CI  (%)  95% CI

 Elawad, 199113               43/45              14/15         16.81     1.02 (0.88 to 1.19)        
 Hoynck, 199213               96/131            84/137        16.35     1.20 (1.01 to 1.41)        
 Busch, 199313              178/239          133/236        17.13     1.32 (1.16 to 1.51)        
 Heiss, 199313                53/58              37/62         15.02     1.53 (1.23 to 1.91)        
 Kajikawa, 199413               8/10              13/21           9.06     1.29 (0.82 to 2.04)        
 Hedstrom, 199613             33/38              29/40         14.80     1.20 (0.95 to 1.50)        
 Heiss, 199713                28/29              13/27         10.36     2.01 (1.35 to 2.98)        
 Christopoulou, 200150        28/28              20/20                Not estimable         
 Billote, 200251              29/42                0/54           0.47    75.47 (4.75 to 1200.21)     

Total (95% CI) 620                 612 100.00     1.33 (1.10 to 1.61)
Total events: 496 (PAD), 343 (control)
Test for heterogeneity: �2 = 35.99, df = 7 (p < 0.00001), 
   I2 = 80.6%
Test for overall effect: z = 2.94 (p = 0.003)

 0.1  0.2  0.5  1  2  5  10

 Favours PAD  Favours control

FIGURE 4 Relative risk of exposure to allogeneic and/or autologous blood, PAD versus control 



Review of systematic reviews
Cochrane systematic reviews were identified for
AFs, FSs and restrictive transfusion triggers.31–33

One published paper assessing PAD plus EPO and
EPO alone21 was found by searching the
bibliographies of the included Cochrane reviews.
One published paper29 provided an overview of
cell salvage, PAD and ANH describing the
systematic reviews of cell salvage and PAD that
were published in the Cochrane Library13,30 and
updated for this report. The systematic review of
ANH published in the same paper was included in
this review of systematic reviews. No systematic
review of cell salvage combined with ANH was
found. A new comprehensive literature search and
systematic review of combined cell salvage and
ANH was outside the scope of this study. The
combined approach of cell salvage and ANH was
therefore excluded from the review of clinical
evidence and the primary economic analysis. 

Table 8 describes the characteristics of the included
systematic reviews.

Characteristics of the systematic
reviews
Five additional systematic reviews were included,
three of which were published as Cochrane
systematic reviews and assessed the effectiveness of
AFs, FSs and transfusion thresholds for
minimising perioperative allogeneic blood
transfusion.31–33 One published paper reported a
systematic review of two interventions, one of EPO
alone and one of EPO combined with PAD to
reduce exposure to allogeneic blood.21 Another
published paper included a systematic review of
ANH.29 All included reviews were published
between 1998 and 2003. The searches for the
reviews were conducted for the following periods:

● ANH: 1966 to July 2002 
● transfusion thresholds: 1966 to November 2004 
● FS: 1966 to July 2002 
● AFs 1966 to May 1998 
● EPO: 1985 to January 1997.

Four systematic reviews only included RCTs with a
concurrent control group and one (ANH) included
RCTs and observational cohort studies and
assessed outcomes from each trial design
separately. 

The number of RCTs included in each systematic
review that reported on the primary outcome were
5 (EPO alone), 7 (FSs), 9 (transfusion thresholds),
16 (EPO plus PAD), 25 (ANH) and 83 (AFs). Of

the three AFs reviewed, there were four included
trials of EACA, 18 trials of TXA and 61 trials of
aprotinin that reported the primary outcome. The
number of included participants in each review
were 208 (EACA), 388 (FSs, that reported on
primary outcome), 929 (EPO alone), 1049 (PAD
plus EPO), 1295 (ANH), 1342 (TXA), 1780
(restrictive transfusion thresholds) and 7027
(aprotinin).

All the systematic reviews used either the Jadad
criteria42 or the Schulz criteria,41 or both, for
assessing the quality of the individual studies. All
the Cochrane systematic reviews used the
Cochrane criteria for assessing allocation
concealment39 and assessed the reliability of the
quality assessment between reviewers using the
kappa score. Most of the reviews included studies
ranging in quality with most being unblinded and
having inadequate or unclear allocation
concealment. The review of AFs, which contained
the largest number of trials (89), included 30 trials
with adequate allocation concealment and 54
studies that were double blind.

Three reviews (ANH, AFs, FSs) only included
adult participants undergoing elective surgery, two
reviews only included adults undergoing elective
cardiac and orthopaedic surgery and assessed the
outcomes separately by type of surgery (EPO plus
PAD, EPO alone). One review (transfusion
thresholds) included surgical and medical adults
and/or children. This review did not identify any
relevant studies in children but did include three
(of 10) studies in the context of acute blood loss
and/or trauma and two studies in critical care units
with elderly patients. Of the reviews that reported
the information, the mean age of trial participants
ranged from 45 to 76 years and the ratio of males
to females was >2:1. The majority of included
studies were in cardiac and orthopaedic surgery.

It was not explicitly stated in most of the reviews
but other interventions were included if both the
intervention and the control group were equally
exposed to the extra intervention. This meant
that, for example, all participants in a trial
comparing FSs with no FSs (control) might have
also received cell salvage. The systematic review of
AFs also compared head-to-head trials of
aprotinin, TXA and EACA (data not considered
here). With the exception of the AF review, all the
other reviews excluded head-to-head trials.

The primary outcomes of all the systematic reviews
were the proportion of patients receiving
allogeneic blood transfusion and the volume of
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allogeneic blood transfusion received. The
systematic review of restrictive transfusion
thresholds assessed the proportion of participants
who received allogeneic blood and/or autologous
blood with the primary outcome being proportion
of participants receiving any blood transfusion.
Out of 10 included trials, two used PAD and only
used autologous blood when transfusion was
indicated. Other outcomes included reoperation
for bleeding, mortality, non-fatal MI, stroke,
thrombosis, infection, renal failure and length of
hospital stay.

These differences in interventions between and
within the included systematic reviews should be
noted when interpreting the results. 

Quality assessment of the systematic
reviews
The systematic reviews were quality assessed using
a form developed for the Critical Appraisal Skills
Programme that was adapted from Oxman and
colleagues.43 All five systematic reviews asked a
clearly focused question in terms of the population
studied, intervention given and outcomes
considered. All the reviews included the relevant
type of study design to answer the review’s
question. All five of the systematic reviews
attempted to identify all relevant studies by
conducting a thorough search of the literature. All
five of the systematic reviews formally quality
appraised individual studies in duplicate using
standardised forms and assessing inter-rater
reliability. Four of the reviews pooled data and
attempted to explain sources of significant
heterogeneity. 

The review of restrictive transfusion thresholds
included studies conducted in a variety of settings
with a mix of patient type (intensive care, acute
trauma and elective surgery) and, given this
variability, the reviewer (TJB) was not sure whether
the data should have been combined. All five of
the systematic reviews presented the results clearly
and precisely, with the majority using RR (random
effects). The review of EPO expressed results in
random effects odds ratios (ORs). All reviews
reported CIs and p-values.

The reviewer could not tell whether the results
could be applied to the UK and the population
that mainly requires transfusion in the UK in four
of the reviews, and one review had limited
generalisability to the UK (restrictive transfusion
thresholds). The review of EPO did not explicitly
report any details of the countries in which the
studies had been conducted although the review

was restricted to cardiac and orthopaedic surgery.
Six of the 30 ANH trials were published in
languages other than English and 11 were
conducted in various types of surgery not
including cardiac and orthopaedic. There were
also twice as many males to females in the ANH
trials. ANH is not standard practice in all surgical
settings in the UK; therefore, generalisability of
the trial results to the UK surgical setting is
unclear. In the AF review only seven of the 89
trials were conducted in the UK and 74 of the
trials were conducted in cardiac surgery.
Therefore, results from AFs may not be
generalisable outside the setting of cardiac
surgery. Only one of 14 included trials of fibrin
sealant was conducted in the UK, with large
variation in the type of surgical setting and type of
FS used. This may affect generalisability to UK
surgical setting and the type of FS used in UK
practice. The results of restrictive transfusion
thresholds were limited in its generalisability to
the UK elective surgical setting. Five of the 10
trials were in trauma or critical care, and the ages
of patients also varied considerably, as did the
transfusion thresholds used, with studies published
over a time span of 40 years.

Some of the systematic reviews considered funnel
plot analysis to explore the issue of publication bias
(NB this is only an indication regarding publication
bias). The reviews of FSs and restrictive transfusion
thresholds32,33 identified too few and small trials
that made funnel plot analysis implausible. Some
evidence of publication bias was found in the form
of a ‘missing’ population of small negative studies
in funnel plots for aprotinin in the AF review.31 For
this case, simulations of the data indicated that the
effect of publication bias may have been to
overestimate the true treatment effect of aprotinin.
Two of the systematic reviews did not report
analyses to explore publication bias.21,29

None of the five systematic reviews considered 
the cost-effectiveness of the transfusion strategies.
The reviewer could not tell whether policy or
practice should change as a result of the 
evidence contained in any of the five included
systematic reviews. 

Results of the systematic reviews
Table 9 presents the RR of receiving a transfusion
of allogeneic blood for the included interventions
compared with control, Table 10 the WMD in units
of allogeneic blood for the included interventions
compared with control and Table 11 the results for
adverse events for the included interventions
compared with control. The outcomes in the
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systematic review of EPO, both alone and to
augment PAD, were given as ORs (random
effects), so one reviewer (TJB) entered individual
study data into Review Manager in order to obtain
RRs (random effects) to allow comparison with the
outcome data from the other systematic reviews
(all given as RR). The reviews of ANH, AFs and
FSs reported the number of patients transfused

with allogeneic blood. The review of EPO, both
alone and to augment PAD, reported this outcome
by type of surgery and did not attempt to pool the
data. The review of restrictive transfusion
thresholds only reported the number of patients
transfused with allogeneic and/or autologous
blood and so is considered separately as a
different outcome. 
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TABLE 9 Meta-analysis results for the transfusion strategies – number of patients transfused with allogeneic blood

Outcome Intervention No. of RCTs RR (random effects) 95% CI

All studies Cell salvage 28 0.59a 0.48 to 0.73
PAD 11 0.36a 0.25 to 0.51
PAD + EPO ND ND ND
EPO ND ND ND
ANH 25 0.69a 0.56 to 0.84
Aprotinin 61 0.70a 0.64 to 0.76
TXA 18 0.66a 0.54 to 0.81
EACA 4 0.48a 0.19 to 1.19
FSs 7 0.46 0.32 to 0.68

Orthopaedic Cell salvage 11 0.35a 0.24 to 0.52
PAD 5 0.21a 0.11 to 0.43
PAD + EPO 11 0.56 0.43 to 0.74
EPO 3 0.49 0.38 to 0.64
ANH 6 0.79 0.60 to 1.06
Aprotinin ND ND ND
TXA ND ND ND
EACA ND ND ND
FSs 2 0.50 0.31 to 0.83

Cardiac Cell salvage 14 0.81a 0.70 to 0.93
PAD ND ND ND
PAD + EPO 5 0.36 0.15 to 0.88
EPO 2 0.40 0.13 to 1.22
ANH 10 0.77 0.57 to 1.04
Aprotinin 55 0.69a 0.63 to 0.76
TXA 15 0.71a 0.57 to 0.88
EACA ND ND ND
FSs ND ND ND

Transfusion protocol Cell salvage 24 0.63a 0.51 to 0.77
PAD 7 0.48a 0.38 to 0.60
PAD + EPO ND ND ND
EPO ND ND ND
ANH 16 0.81 0.65 to 1.00
Aprotinin 51 0.68a 0.61 to 0.74
TXA 16 0.62a 0.51 to 0.75
EACA ND ND ND
FSs 2 0.32 0.14 to 0.71

No transfusion protocol Cell salvage 4 0.27a 0.02 to 4.08
PAD 4 0.12a 0.04 to 0.33
PAD + EPO ND ND ND
EPO ND ND ND
ANH 9 0.53 0.36 to 0.76
Aprotinin 11 0.77 0.62 to 0.96
TXA 2 1.13 0.82 to 1.55
EACA ND ND ND
FSs 5 0.50 0.31 to 0.83

ND, no data.
a Statistically significant heterogeneity (p > 0.1).



The use of a restrictive transfusion threshold
reduced exposure to any blood transfusion by a
relative 42% (95% CI 29 to 53%) compared with
control. ANH, AP, TXA and FSs reduced the
frequency of allogeneic transfusions with
intervention effect sizes ranging from a relative
30% (95% CI 24 to 36%) with aprotinin to 54%
(95% CI 32 to 68%) with FSs. Heterogeneity was
significant for ANH and all three antifibrinolytics.
EACA resulted in a statistically non-significant
reduction in exposure to allogeneic blood (RR
0.48, 95% CI 0.19 to 1.19) and there were only
four trials and 208 participants included in this
outcome. 

There was significant heterogeneity in effect
amongst trials of ANH and AFs regarding
transfusion with allogeneic blood. When studies 
of ANH were subgrouped by type of surgery and
by the presence or absence of a transfusion
protocol, heterogeneity disappeared. In this case,
the effect sizes were non-significant. The
exception was when ANH was used without a
transfusion protocol. When studies of aprotinin
and TXA were subgrouped by orthopaedic
surgery and the presence of a transfusion
protocol, heterogeneity was still present and only
disappeared in studies of aprotinin and TXA
where a transfusion protocol had not been used.
Four reviews (PAD, PAD plus EPO, ANH, FSs)
reported the number of participants who
underwent orthopaedic surgery and were exposed
to allogeneic blood. PAD, PAD plus EPO and FSs
reduced the frequency of allogeneic transfusions
in orthopaedic surgery with intervention effect
sizes ranging from a relative 44% (95% CI 26 to
57%) with PAD plus EPO compared to control, to
51% (95% CI 36 to 62%) with EPO alone
compared with control (only three studies). 
ANH resulted in a statistically non-significant
reduction in exposure to allogeneic blood in

orthopaedic surgery (RR 0.79, 95% CI 0.60 to
1.06). 

Four reviews (PAD, PAD plus EPO, ANH, AFs)
reported the number of participants who
underwent cardiac surgery and were exposed to
allogeneic blood. PAD plus EPO, aprotinin and
TXA reduced the frequency of allogeneic
transfusions in cardiac surgery with intervention
effect sizes ranging from a relative 29% (95% CI
12 to 43%) with TXA compared with control to
64% (95% CI 12 to 85%) with PAD plus EPO
compared with control. Significant heterogeneity
was present among TXA and aprotinin studies.
ANH reached non-significance within the CIs (RR
0.81, 95% CI 0.65 to 1.00). EPO alone and ANH
failed to reduce significantly exposure to
allogeneic blood in cardiac patients compared with
control.

Three reviews (ANH, AFs and FSs) reported the
number of participants exposed to allogeneic
blood when a threshold protocol was present and
was absent. ANH, aprotinin, TXA and FSs reduced
the frequency of allogeneic transfusions when a
threshold protocol was used, with intervention
effect sizes ranging from a relative 32% (95% CI
26 to 39%) with aprotinin to 68% (95% CI 29 to
86%) with FSs. Significant heterogeneity was
present for both AFs (aprotinin and TXA).

When a transfusion threshold protocol was not
used, TXA failed to reduce exposure to allogeneic
blood significantly. ANH, aprotinin and FSs
reduced the frequency of allogeneic transfusions
without the use of a threshold protocol, with
intervention effect sizes ranging from a relative
23% (95% CI 4 to 38%) with aprotinin to 50%
(95% CI 17 to 69%) with FSs. FSs were the most
effective relative to the other strategies in reducing
exposure to allogeneic blood, but this effect was
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TABLE 10 Meta-analysis results for the transfusion strategies – units of allogeneic blood transfused

Intervention No. of RCTs WMD (random effects) 95% CI

CS 18 –0.90 –1.23 to –0.56
PAD ND ND ND
PAD + EPO ND ND ND
EPO ND ND ND
ANH 17 –1.9 –2.7 to –1.1
Aprotinin 25 –1.08 –1.47 to –0.69
TXA 5 –1.03 –1.39 to –0.67
EACA ND ND ND
FS 4 –0.56 –0.84 to –0.29

ND, no data.



reduced when a transfusion threshold protocol was
used.

Both the AF reviews (aprotinin and TXA) reported
the mean volume of allogeneic blood transfused
only in those patients who received a transfusion.
The ANH and FS reviews reported the volume of
allogeneic blood transfused divided by the number
of participants in the group (including those who
did not receive an allogeneic transfusion). The
review of restrictive transfusion thresholds
reported both ways of obtaining the average
volume of allogeneic blood transfused (reported in
the table as an average only in participants who
received allogeneic blood). These differences
should be considered when comparing the results
of this outcome by the various strategies.

Only four of the systematic reviews reported the
average units of allogeneic blood transfused. The
use of FSs was associated with the least average
difference in the amount of allogeneic blood
transfused (WMD –0.56, 95% CI –0.84 to –0.29)
and ANH was associated with the greatest average
difference in the amount (WMD –1.9, 95% CI –2.7
to –1.1). It should be noted that the outcome for
FSs was based on only four studies. Aprotinin and
TXA were associated with a similar WMD of
exposure to allogeneic blood (WMD –1.08, 95% CI
–1.47 to –0.69 and WMD –1.03, 95% CI –1.39 to
–0.67, respectively).

The review of restrictive transfusion thresholds
only reported the average volume of allogeneic
and/or autologous blood transfused and so is
considered separately as a different outcome. 
The use of restrictive transfusion thresholds
reduced the average volume of any type of 
blood by a relative 0.93 units (95% CI –1.50 to
–0.36). 

Few studies reported adverse events for PAD plus
EPO and EPO alone and there were not enough
data to pool and so the events were described. It
should be noted that very few of the included
studies in any of the systematic reviews were
sufficiently powered to detect clinical outcomes. 

One cardiac study of EPO alone reported overall
mortality within 2 months of surgery: 7/126 (EPO)
versus 0/56 (placebo).53 One other cardiac study of
EPO alone reported overall mortality: 4/38 (EPO)
versus 4/38 (placebo).54 All the other included
strategies reported pooled data for mortality and
none of the strategies significantly reduced the
relative risk of mortality compared with control.
For the mortality outcome in the review of

restrictive transfusion thresholds, the meta-analysis
was dominated by one large trial of 838 critically
ill patients.

Only ANH and the AF review reported reoperation
for bleeding and only aprotinin significantly
reduced the RR of reoperation for bleeding by
60% (95% CI 34 to 75%). ANH, FSs and restrictive
transfusion thresholds reported pooled data for
any infection and none significantly reduced the
RR. Only the FS review reported data for wound
complication and failed to reduce significantly the
RR compared with control. 

ANH, AFs and restrictive transfusion thresholds
pooled data on any thrombosis and only ANH
significantly reduced the RR of developing any
thrombosis by 56% (95% CI 7 to 79%). Only the
AF review reported pooled data for DVT and
neither aprotinin nor TXA significantly reduced
the RR compared with control. One orthopaedic
EPO study reported a 12.3% (EPO) versus 6.4%
(placebo) frequency of postoperative DVT.55

AFs, FSs and restrictive transfusion thresholds
reported pooled data on stroke and none
significantly reduce the RR compared with control.
ANH, AFs and restrictive transfusion thresholds
pooled data on non-fatal MI and none
significantly reduced the RR compared with
control. One cardiac study of EPO alone reported
non-fatal MIs: 0/38 (EPO) versus 1/38 (placebo).54

One orthopaedic study of EPO alone reported
aggregate frequency of MI, angina, DVT,
superficial phlebitis or peripheral vascular
thrombosis: 4% (EPO) versus 9% (placebo).56 One
cardiac study of EPO alone reported all fatal and
non-fatal vascular and thrombotic events: 23%
EPO versus 29% placebo.53

Aprotinin, TXA and restrictive transfusion
thresholds reported pooled data on renal failure
or dysfunction and none significantly reduce the
RR compared with control. The aprotinin and
TXA reviews reported pooled data for pulmonary
embolism and neither significantly reduced the
RR compared with control. 

ANH, FSs and restrictive transfusion thresholds
reported mean length of stay. The greatest
difference in length of hospital stay was with the
use of FSs, which was associated with a reduction
of 0.89 days (95% CI –2.51 to 0.73 days)
compared with control. The use of ANH was
associated with an increase of 0.21 days (95% CI
–1.26 to 1.68 days) compared with control.
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TABLE 11 Meta-analysis results for the transfusion strategies – adverse events and other outcomes

Outcome Intervention No. of RCTs RR (random effects) 95% CI

Mortality PAD + EPO ND ND ND
EPO ND ND ND
ANH 8 1.16 0.19 to 7.15
Aprotinin 28 0.87 0.63 to 1.19
TXA 11 0.43 0.15 to 1.18
EACA 4 1.66 0.46 to 6.01
FSs 4 0.66 0.18 to 2.38
Restrictive transfusion 7 0.80 0.63 to 1.02

threshold

Reoperation for bleeding PAD + EPO ND ND ND
EPO ND ND ND
ANH 7 1.59 0.20 to 12.53
Aprotinin 29 0.40 0.25 to 0.66
TXA 9 0.72 0.29 to 1.79
EACA 5 0.32 0.07 to 1.39
FSs ND ND ND
Restrictive transfusion threshold ND ND ND

Any infection PAD + EPO ND ND ND
EPO ND ND ND
ANH 2 4.94 0.61 to 40.19
Aprotinin ND ND ND
TXA ND ND ND
EACA ND ND ND
FSs 4 0.91 0.37 to 2.25
Restrictive transfusion threshold 1 1.70 0.41 to 7.02

Wound complication PAD + EPO ND ND ND
EPO ND ND ND
ANH ND ND ND
Aprotinin ND ND ND
TXA ND ND ND
EACA ND ND ND
FSs 2 0.31 0.09 to 1.08
Restrictive transfusion threshold ND ND ND

Any thrombosis PAD + EPO ND ND ND
EPO ND ND ND
ANH 3 0.44 0.21 to 0.93
Aprotinin 15 0.64 0.31 to 1.31
TXA 12 0.98 0.49 to 1.94
EACA 2 0.20 0.01 to 4.14
FSs ND ND ND
Restrictive transfusion threshold 1 3.00 0.13 to 71.61

Stroke PAD + EPO ND ND ND
EPO ND ND ND
ANH ND ND ND
Aprotinin 8 0.43 0.16 to 1.19
TXA 6 2.27 0.65 to 7.99
EACA 4 0.26 0.03 to 2.36
FSs 2 0.37 0.02 to 7.99
Restrictive transfusion threshold 2 0.96 0.10 to 8.96

Non-fatal MI PAD + EPO ND ND ND
EPO ND ND ND
ANH 3 3.43 0.15 to 79.74
Aprotinin 25 0.97 0.69 to 1.36
TXA 8 0.69 0.21 to 2.29
EACA 3 0.90 0.30 to 2.76
FSs ND ND ND
Restrictive transfusion threshold 5 0.44 0.17 to 1.15

continued



Summary
All the RR data (random effects) and CIs for each
intervention (all the included systematic reviews
plus the updated cell salvage and PAD systematic
reviews) for the primary outcome (transfusion with
allogeneic blood) are presented graphically in
Figure 5 to allow comparison of the effectiveness of
each intervention to minimise allogeneic blood
transfusion.

The point estimates on each line indicate the
weighted mean RR. An RR of 1.0 suggests that
there was no difference between the intervention
and control groups, an RR of <1.0 suggests that
fewer patients in the intervention group were
exposed to allogeneic blood transfusion and an
RR of >1.0 suggests that more patients in the
intervention group were exposed to allogeneic
blood transfusion compared with the control

group. The lines running through the point
estimates are the 95% CIs; when a line touches or
crosses over 1.0 this demonstrates that the point
estimate was not statistically significant. 

Therefore, the nearer the point estimate is to zero,
the more the RR is reduced (and the greater is the
effect). The smaller the CI, the more precise is the
estimate of effect.

All interventions significantly reduced exposure to
allogeneic blood compared with control, with the
exception of EACA and EPO in cardiac surgery: 

● Cell salvage reduced the RR of exposure to
allogeneic blood by 41% (95% CI 27 to 52%) for
active versus control studies. 

● PAD reduced the RR of exposure to allogeneic
blood transfusion by 64% (RR 0.36: 95% CI
0.25 to 0.51). 
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TABLE 11 Meta-analysis results for the transfusion strategies – adverse events and other outcomes (cont’d)

Outcome Intervention No. of RCTs RR (random effects) 95% CI

DVT PAD + EPO ND ND ND
EPO ND ND ND
ANH ND ND ND
Aprotinin 5 0.54 0.14 to 2.12
TXA 5 0.84 0.30 to 2.30
EACA ND ND ND
FSs ND ND ND
Restrictive transfusion threshold ND ND ND

Renal failure/dysfunction PAD + EPO ND ND ND
EPO ND ND ND
ANH ND ND ND
Aprotinin 13 1.19 0.79 to 1.79
TXA 2 0.87 0.08 to 9.78
EACA ND ND ND
FSs ND ND ND
Restrictive transfusion threshold 1 1.63 0.54 to 4.90

Pulmonary embolism PAD + EPO ND ND ND
EPO ND ND ND
ANH ND ND ND
Aprotinin 1 1.88 0.17 to 20.21
TXA 5 0.32 0.07 to 1.56
EACA ND ND ND
FSs ND ND ND
Restrictive transfusion threshold ND ND ND

Length hospital of stay PAD + EPO ND ND ND
EPO ND ND ND
ANH 3 0.21 = WMD –1.26 to 1.68
Aprotinin ND ND ND
TXA ND ND ND
EACA ND ND ND
FSs 2 –0.89 = WMD –2.51 to 0.73
Restrictive transfusion threshold 5 –0.29 = WMD –0.90 to 0.32

ND, no data.



● ANH reduced the RR of exposure to allogeneic
blood by 31% (95% CI 16 to 44%). 

● Aprotinin reduced the RR of exposure to
allogeneic transfusion by 30% (95% CI 24 to
36%). 

● TXA reduced the RR of exposure to allogeneic
blood by 34% (95% CI 19 to 46%). 

● EACA resulted in a statistically non-significant
reduction in exposure to allogeneic blood (RR
0.48, 95% CI 0.19 to 1.19). FSs reduced the RR
of exposure to allogeneic transfusion by 54%
(95% CI 32 to 68%). 

● The use of a restrictive transfusion threshold
reduced exposure to any blood transfusion by a
relative 42% (95% CI 29 to 53%) compared with
control. 

● EPO alone reduced exposure to allogeneic
blood by a relative 51% (95% CI 36 to 62%) in
orthopaedic surgery and did not significantly
reduce exposure to allogeneic blood in cardiac
surgery (RR 0.40, 95% CI 0.13 to 1.22). 

● PAD plus EPO reduced exposure to allogeneic
blood transfusion by a relative 44% (95% CI 26
to 57%) in orthopaedic surgery and 64% (95%
CI 12 to 85%) in cardiac surgery. 

The majority of the trials included in the reviews
examined the alternative transfusion strategies in
elective surgery with expected moderate to high
blood loss, particularly cardiac and orthopaedic
surgery. This limits the extent to which the results
can be generalised to surgical procedures with
lower expected blood loss or emergency surgery.
However, a recent prospective observational study
of blood transfusion in the north of England
indicates that cardiac and orthopaedic surgery
accounts for around half of the transfusions in
surgical patients.3 In addition, the majority of
trials were conducted outside the UK. It was not
possible to assess the extent to which the results
are applicable to practice in the UK in many of
the studies. 
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Characteristics of the included
economic evaluations
Twelve papers36–38,57–65 were considered to be full
economic evaluations that met all of the inclusion
criteria. Tables 12–14 summarise the main
characteristics of each full economic evaluation
and a more detailed description is provided in
Appendix 13. 

These economic evaluations synthesised costs and
benefits where appropriate. One of these
economic evaluations61 was an update of another
included economic evaluation.60 One group
conducted two of the economic evaluations.64,65

Country of origin
The studies were published between 1993 and
2002 and originated from the USA (seven), Canada
(two), Italy (one) and France (one). None of the
included evaluations were conducted in the UK.

Perspective
The perspective of the study was not clearly stated
in the reports of some of the economic
evaluations. Where the perspective was not clearly
stated, the perspective implied by the data reported
was used. Five studies used a societal perspective
and five used a healthcare provider perspective.
One study used a third-party payer perspective.
None of the studies included indirect costs.

Source of funding
One of the studies was funded by a
pharmaceutical company (Ortho Biotec); five
studies were funded by various national institutes
and training grants, including the National
Library of Medicine and the National Institutes of
Health (one), Robert Wood Johnson Clinical
Scholars Programme and the Transfusion
Medicine Academic Award from National Heart,
Lung and Blood Institute (NHLBI) (one),
American Association of Blood Banks and a career
development award from the National Library of
Medicine (one) and Canadian Coordinating Office
for Health Technology Assessment (two); five
studies did not report the source of funding.

Type of elective surgery
Four studies focused on elective cardiac surgery
(mainly CABG) and seven studies focused on
elective orthopaedic surgery (mainly total hip
replacement). Many of the studies combined
clinical data from a range of sources and it was not
always possible to ascertain if these patient groups
had similar characteristics.

Comparators
Six studies (two cardiac and four orthopaedic)
compared PAD donation with allogeneic blood
transfusion only. Two studies compared cell
salvage with allogeneic blood transfusion only, in
cardiac and orthopaedic surgery, of which one
study used postoperative washed salvaged 
blood and one study used postoperative 
unwashed salvaged blood. Two studies compared
EPO with allogeneic blood only (one in cardiac
and one in orthopaedic surgery). Three studies
compared EPO combined with PAD to PAD alone
in orthopaedic (two studies) and cardiac (one
study) surgery. One study compared EPO
combined with PAD with allogeneic blood 
alone. (There are more comparators than studies
because some studies looked at multiple
comparisons.)

Type of economic evaluation
Five studies conducted a cost–utility analysis
(CUA) and reported cost per QALY saved. Two
studies used a decision tree model to synthesise
the cost and QALY data and three studies used a
Markov model. No study reported a primary
economic evaluation. All are secondary economic
evaluations and synthesised clinical and cost data
from a variety of sources. Four studies conducted
cost-effectiveness analyses (CEAs) using the
following incremental cost-effectiveness ratios
(ICERs): cost-per-life-year-gained (three studies),
and preventing one hepatitis C virus (HCV)
infection (one study). Two CEAs did not combine
the costs and benefits since they demonstrated
that PAD (one study) or cell salvage (one study)
was the dominant strategy compared with
allogeneic blood alone and were associated with
greater risk reduction and less cost.
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Sources of clinical data
Two economic evaluations did not report
performing a literature review. One of these
evaluations used two cohort studies performed by
the author, and the other evaluation used five
previously published studies. 

Nine economic evaluations reported conducting a
literature review to obtain data on clinical
effectiveness, but three of these gave no further
information. Clinical data associated with
transfusion strategies was obtained from a meta-
analysis of a systematic review of the literature
(one study), at least 14 trials including a meta-
analysis of six RCTs from a previously published
systematic review (one study), at least 20
references including RCTs, meta-analyses,
longitudinal, observational and cost-effectiveness
data (one study), published CEA, cohort and RCT
data (one study), a published Markov model, three
cohorts and a large multi-centred study (one
study) and two studies and an RCT (one study).
One evaluation used author assumptions, one
used expert opinion and two used patients’
records.

Sources of resource use and cost data
Resource use associated with transfusion strategies
was obtained from hospital and patient charges
(one study), hospital databases (four studies),
literature review (four studies), cost studies (four
studies), pharmacy list prices (two studies), drug
cost to the hospital (one study), wholesale drug
price list (one study), published Markov models
(one study), hospital survey data (one study),
hospital audit data (one study), official blood
tariffs (one study), CEAs (one study), patients’
records (one study), local Medicare cost data (one
study) and hospital acquisition costs and audit of
patient bills (one study). The majority of economic
evaluations used a combination of sources to
obtain resource use and cost data, mainly from
hospital databases supplemented by literature
review.

Quality assessment of the
economic evaluations
Overall, the quality of the economic evaluations
was poor. The perspective was not always explicitly
stated, making it difficult to judge whether all
relevant costs and outcomes had been assessed.
None of the evaluations included indirect costs. In
some case there was no justification for the
alternative intervention. Although allogeneic
blood is the standard practice in the UK and so

makes the comparison relevant to this review,
seven of the evaluations were conducted in the
USA where PAD is offered as standard practice. 

Few important clinical outcomes were considered.
The time horizon was often unclear and there was
a lack of justification for the time horizon used
when it was reported. The majority of the studies
were inadequately powered for the economic
variables and clinical variables in the trial-based
evaluations; it was unclear if this was also the case
for model-based evaluations. 

Six evaluations discounted costs and benefits and
one discounted only costs; the remaining studies
either failed to report discounting or did not
discount owing to the short timeframe of the
study. Ten studies performed sensitivity analysis to
evaluate uncertainty in the results, which could not
be assessed by statistical analysis, such as the range
of costs used. Only one study used bootstrapping
to assess clinical effectiveness data. In two studies
the price year was not stated and most studies
failed to report the methods used to adjust price
data for inflation; only one study reported a
currency conversion.

Results of the economic
evaluations
PAD versus the allogeneic blood
transfusion strategy
Six economic evaluations compared PAD with
allogeneic blood. Three studies indicated that PAD
was not cost-effective. Of these, one study reported
that PAD in CABG patients was not cost-effective,
producing small health benefits at high societal
costs.58 One study reported that the increased
safety of using PAD was limited and may not
justify the increased cost.36 Another study reported
that PAD alone was not more cost-effective than a
do-nothing strategy.38

In contrast, three of the six studies indicated that
PAD was cost-effective. Of these, one study
reported that PAD resulted in net cost savings
compared with allogeneic blood.59 One study used
rate of infection or suspected infection as the
primary outcome of a cost-effectiveness analysis
and reported that PAD was the dominant strategy
compared with allogeneic blood.37 One CUA
demonstrated that if there were only a modest
increase in the risk of bacterial infection following
allogeneic transfusion, PAD would result in
improved outcomes at a cost-effectiveness that
compares favourably to well-accepted health
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interventions.60 Modifications to a previously
published CUA indicated a similar result.36,61

Sonnenberg61 conducted a repeat analysis using
figures for PAD units donated and average
percentage of PAD units transfused per patient for
total hip arthroplasty (THA) and CABG from the
study by Etchason and colleagues.36 This repeated
analysis resulted in a cost per QALY of US$2580
for THA and US$532 for CABG, thereby making
PAD appear cost-effective compared with
allogeneic blood when risk of infection was
considered.61 Until more definitive data are
available on the magnitude and costs of the risk of
bacteria infection, the cost-effectiveness of PAD is
still debatable. 

Cell salvage versus the allogeneic blood
transfusion strategy
Two studies compared cell salvage with allogeneic
blood. One study reported that the use of cell
salvage blood had the potential to reduce
significantly the costs and risks associated with
transfusing allogeneic blood after cardiac
operations.63 One study reported that post-
arthroplasty RBC salvage in orthopaedic surgery
was not cost-effective.62

EPO versus the allogeneic blood
transfusion strategy
Two studies reported the use of EPO alone
compared with allogeneic blood. One study
reported that the use of EPO to reduce
perioperative allogeneic transfusions in
orthopaedic surgery was not cost-effective.64 EPO
alone was not more cost-effective than a do-
nothing strategy in cardiac surgery.38

EPO to augment PAD versus PAD
Three studies reported the use of EPO to
augment PAD compared with PAD alone to
reduce perioperative allogeneic blood

transfusions. Two studies reported that the use of
EPO combined with PAD was not cost-effective
compared with using PAD alone in orthopaedic
surgery.57,64 Another study reported that EPO
combined with PAD to reduce perioperative
allogeneic blood transfusion in cardiac surgery
was not cost-effective compared with PAD 
alone.65

EPO plus PAD versus the allogeneic
blood transfusion strategy
One study reported the use of EPO plus PAD
versus allogeneic blood only and reported that
EPO plus PAD was not more cost-effective than a
do-nothing strategy.38

Summary
In general, EPO does not appear to be a cost-
effective method of minimising allogeneic blood
transfusion, whereas cell salvage may have the
potential to reduce risks and cost in the cardiac
setting. Evidence regarding the cost-effectiveness
of PAD varied considerably and PAD may be cost-
effective when postoperative complications such as
infection are considered. 

Owing to the lack of relevant primary economic
evaluations, comparing the various transfusion
strategies, in a UK context, it is not possible to
draw definitive conclusions about the cost-
effectiveness of all the alternative transfusion
strategies to reduce allogeneic blood transfusion in
elective surgery. Full economic evaluations that
compared the costs and outcomes of two or more
interventions for ANH, AFs, FSs or restrictive
transfusion thresholds were not identified in this
search. Overall, the data from the studies in the
economic literature review were not judged
relevant to the UK setting and were not included
in the economic model unless stated otherwise. 
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Approach
A decision analytic model was developed to
synthesise clinical and economic data from a
number of sources. The model was used to
estimate the relative cost-effectiveness of cell
salvage when compared with the routine strategy
of allogeneic blood transfusion and alternative
methods of minimising perioperative allogeneic
blood transfusion. The patient population used
for the analysis was constrained to those
undergoing elective surgical procedures for the
primary analysis. For the secondary analyses, the
patient populations used were those undergoing
elective surgery associated with moderate to major
blood loss as represented by elective non-urgent
cardiac surgery (e.g. CABG and valve replacement)
and elective non-urgent orthopaedic surgery (e.g.
joint replacement and revision of joint
replacements). These procedures were not defined
explicitly for the analysis but based on the data
extracted for these procedures in the systematic
reviews discussed in Chapter 3. 

The comparators chosen and rationale for
inclusion are described in Chapter 1. However, the
economic model excluded restrictive transfusion
thresholds or transfusion protocols from the
primary analysis. The decision to exclude this
transfusion strategy was based on the practical
constraints of the availability of data. As noted in
Chapter 3, the systematic review of restrictive
transfusion thresholds was based on a substantial
number of studies and patients in critical care or
undergoing emergency surgery. It was decided
that this was not relevant to the patient
populations for the analysis, or consistent with the
data for the other transfusion strategies. The use
of transfusion protocols was explored in the
secondary analyses. 

The analysis used the perspective of the NHS and
the National Blood Service (the key funders and
providers of transfusion services for perioperative
blood transfusion) and patients. These comprise
the key components of a societal perspective. The
time horizon used for the primary analysis was
1 month post-transfusion. This limited time
horizon was specified for a number of reasons.
First, the evidence about the relative long-term

benefits (in terms of survival and health status) of
transfusion alternatives is based on secondary data
analysis and modelling studies, rather than
primary data. As the review of economic studies
above indicates, the evidence about long-term
benefits is limited and uncertain. Previous
economic studies indicate that transfusion-
transmitted viral infections such as hepatitis and
HIV have a limited impact on the relative long-
term costs and benefits of alternative transfusion
strategies.60,61 This is because the probabilities of
transfusion-transmitted viral infection in the study
settings used were extremely low. Second, adverse
events with higher probabilities of occurrence and
short-term impacts, such as bacterial infection, are
more likely to affect the relative cost-effectiveness
of alternative transfusion strategies.60,61 Thirdly,
there is a range of adverse events, such as stroke,
that may affect the long-term cost-effectiveness of
the alternative transfusion strategies. However, it is
not clear whether these are due to the type and
effectiveness of the surgical technique, the
transfusion process or the type of blood
(autologous or allogeneic) transfused. In addition,
the rates of these adverse events were not
consistently recorded in the clinical trials of
autologous and allogeneic transfusion strategies.
This means that any apparent differences in the
rates between alternative transfusion strategies
may be confounded by small sample sizes, the type
of surgery and transfusion and surgical practice in
the settings evaluated. Finally, the average age of
elective surgery patients at risk of moderate to
high blood loss is between 60 and 70 years.3 The
median survival of surgical patients having a
transfusion has been estimated at 6.5 years.66 This
means that the life expectancy of patients
undergoing surgery and having a blood
transfusion may be lower than the life expectancy
associated with transfusion transmitted infections.
For example quality-adjusted life expectancy
following HIV infection treated with highly active
antiretroviral therapy (HAART) is over 10 years.67

However, to explore the potential long-term
impact of these events, longer time horizons of 1,
10 and 30 years were tested in secondary analyses.
The time horizon of 1 year was chosen to reflect
the extent of short-term adverse events. The time
horizon of 30 years is based on the predicted life
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expectancy of a 50-year-old member of the
general population. The time horizon of 10 years
is based on the predicted life expectancy of a 
70-year-old member of the general population.
The age groups were derived to reflect the range
of ages of first, all patients having surgery, and
second, the average age of patients having total
joint replacement (Hospital Episode Statistics).
The age range includes the average age of all
patients (61–63 years) having blood transfusion in
England.3,66

Decision analytic model
The structure of the decision analytic model was
initially developed from the literature reviews of
effectiveness and economic evaluations of
alternative strategies for blood transfusion
described in Chapters 3 and 4. The accuracy of
the model in predicting the probability of events,
average length of stay and units of
autologous/allogeneic blood transfused was tested
against the data reported in the systematic reviews
used for the study. 

The range of events and outcomes included in the
model of the alternative transfusion strategies was
supplemented by a review of the serious hazards of
transfusion published by the Serious Hazards of
Transfusion (SHOT) Steering Group for the
UK6,68,69 and discussions with experts in
transfusion, anaesthetics and surgery. These
sources indicated a range of events associated with
blood transfusion that could have an impact on
mortality and morbidity, resource use and costs.
The range of events included in the model was
constrained to those for which data were available
on the rate or likelihood of occurrence from either
the systematic reviews of published effectiveness
literature or were reported in the SHOT Annual
reports.6,68,69 This meant that the analysis was
restricted to serious events associated with blood
transfusion. A number of events were excluded
that may have an impact on both resource and
costs and overall quality of life. These include
some of the possible transfusion-transmitted
infections (syphilis, Trypanosoma cruzi,
cytomegalovirus), which may bias the analysis in
favour of strategies that are associated with higher
rates of allogeneic blood transfusion. The fact that
these infections are not reported in either the
SHOT Annual Reports or systematic reviews does
not necessarily mean that the incidence of the
infections was zero. However, it is likely that
available tests and rigorous screening of donors
mean that the incidence of these infections in the

UK blood transfusion system is very low. In
addition, a number of other events were excluded.
These include transfusion-related complications
(gastrointestinal symptoms, hypersensitivity,
phlebitis, platelet refractoriness, air embolism)
and complications where the cause could be
surgical or transfusion related (e.g. multi-organ
failure, bacterial infection due to
immunosuppression). 

Figures 6–10 illustrate a simplified version of the
decision analytic model. Square boxes represent
decision nodes, where there is a choice to be made
between strategies. Circles represent chance nodes,
where there are a number of subsequent events
that could happen; each event is assigned a
probability that it will occur. Triangles represent
terminal nodes, to signify the last stage in the
model. Figure 6 starts with the choice of
transfusion strategies considered in the model.
Whichever strategy is chosen, there is a chance
that the patient will sustain sufficient blood loss to
necessitate a blood transfusion. It is assumed that
the tree pathways for strategies to minimise blood
loss or the need for a blood transfusion (fibrin
sealants, antifibrinolytics, EPO) and those that rely
on transfusion of allogeneic blood (allogeneic
blood) will be identical. However, the probability
of needing a blood transfusion will differ between
these strategies. If one of the autologous blood
strategies is chosen and a transfusion is required,
then the patient may have autologous blood only
or both autologous and allogeneic blood. The
pathway of possible events is assumed to be
identical, but the probability of events occurring is
assumed to differ if the patient has autologous
blood only. If the patient has both autologous and
allogeneic blood, then the probabilities of
subsequent events are assumed to be equal to
those if only allogeneic blood is transfused. 

Whether or not a transfusion is required, there is a
chance that the patient will die or survive the
perioperative period, index admission and longer
term follow-up. If a transfusion is given, there is a
chance that the patient may have complications
that are related to the transfusion or surgery,
complications related to transfusion only or no
transfusion-related complications (Figure 7). The
range of complications included in the model is
illustrated in Figure 7. If the patient is given the
incorrect blood component, they may die, suffer
major morbidity or have no ill effects from
reactions (e.g. coagulopathy) to the incorrect
blood component. If the patient has a haemolytic
transfusion reaction, this may be acute or delayed.
Following each of these complications, the patient
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will either die or survive within the timeframe of
the analysis. If they survive the perioperative
stage, then they have a chance of developing one
of the transfusion-transmitted infections shown in
Figure 8. Figures 9 and 10 illustrate the pathways
for autologous blood transfusion strategies.

Variable estimation
The decision model required three categories of
data: the likelihood of events occurring, the
resource use and costs of those events and the
outcomes associated with those events. The overall
approach and sources of data used for variable
estimation for each of these categories are
described below. Estimation of each variable used
in the model was to some extent determined by
the data available. The method of estimation and
source of data for individual variables are
described in more detail in Chapter 6.

Likelihood of events
Likelihood of transfusion
The probability of an allogeneic transfusion for
patients, in the allogeneic blood-only transfusion
strategy, was estimated as the absolute risk
(number of events divided by number of patients
in the sample) of an allogeneic blood transfusion.
This was calculated from pooling the data from
the control arms of the trials included in the
systematic reviews reported in Chapter 3. The
probability estimates for the allogeneic blood
transfusion strategy were derived by pooling data
from trials where a transfusion protocol was
specified and those where a transfusion protocol
was not specified. 

For some of the trials included in the systematic
reviews the control arm (allogeneic blood) also
allowed the use of strategies to minimise
perioperative blood transfusion. For this study,
these were classed as active comparators and
excluded from the set of trials used to estimate the
probability of an allogeneic blood transfusion, for
both the allogeneic blood transfusion strategy and
alternative blood transfusion strategies. These
studies were identified from the descriptions of
the trials in each systematic review. 

The likelihood of needing an allogeneic blood
transfusion, for each of the alternative blood
transfusion strategies to minimise the use of
perioperative allogeneic blood, was estimated as
the probability of a transfusion with the allogeneic
transfusion strategy minus the weighted risk
difference (95% CI) between the active strategy

(i.e. cell salvage, PAD, PAD plus EPO, ANH, FSs,
AFs or EPO) and the control (allogeneic blood).
The risk difference was estimated from the data
reported in the systematic reviews of the alternative
transfusion strategies using the DerSimonian and
Laird method for combining trials.70 There were
insufficient studies to estimate directly the risk
difference between cell salvage and each of the
alternative transfusion strategies. Therefore, it was
assumed that applying the risk difference between
each strategy and the control (allogeneic blood)
would approximate the actual risk difference if cell
salvage were tested directly against one of the
other alternative strategies. The distribution used
was a triangular distribution, with the mean risk
difference used as the best estimate and the 95%
CI used to specify the minimum and maximum
risk difference. In the model, this distribution
gave the best prediction of the mean risk
difference estimated in the systematic reviews.
Other distributions gave a biased estimate of the
mean risk difference. Applying the derived
minimum and maximum estimates to the
probability of allogeneic blood transfusion
replicated the total range of probability values for
allogeneic blood transfusion, for each comparator. 

Likelihood of adverse events
The likelihood of mortality for the index
admission was estimated as the risk of mortality
with the allogeneic blood transfusion strategy and
the risk difference between the allogeneic
transfusion strategy and the alternative transfusion
strategies, as described above for exposure to
allogeneic blood transfusion. These estimates of
mortality were applied to patients having no
transfusion, transfusion but no adverse events and
transfusion plus adverse events due to transfusion
or surgery. 

The probability of all other adverse events was
estimated as

number of people with event

number of people in sample

The data to estimate these probabilities were
derived from the systematic reviews identified in
Chapter 3, whenever possible. If the events were
not reported in the systematic review, then the
original papers used in the systematic review, the
economic evaluations and the SHOT Annual
reports6,68,69 were searched for relevant data. 

Probability distributions
Each estimate of likelihood, or probability, was
assigned a distribution for the PSA. For the
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probability of allogeneic blood transfusion in the
allogeneic blood transfusion comparison (with and
without restrictive transfusion protocol), the
distribution was specified directly using the data
from the trials, using the event rate from each of
the included trials, weighted by the size of the trial
(table distribution). The distribution for the risk
difference of an allogeneic transfusion between the
blood minimisation strategies and the allogeneic
blood strategy was estimated using a triangular
distribution, with the mean risk difference used as
the best estimate and the 95% CI used to specify
the minimum and maximum risk difference. The
distributions for all other probabilities were
estimated directly from the data using weighted
estimates of the occurrence of events if there were
more than three trials to include in the
distribution. If there were insufficient data to
estimate a table distribution, triangular
distributions or beta distributions were used
according to the number of estimates and
availability of data about sample size. 

Resource use and costs
The costs of healthcare resources used as inputs to
provide transfusion, surgical management and
follow-up and treatment of complications
occurring with the timeframe of the analysis were
estimated. The costs of the transfusion and index
hospital admission were estimated as the product
of resource use and unit costs for each transfusion
and subsequent events prior to discharge,
including the capital costs of hospital equipment
for each of the transfusion strategies. 

To estimate the costs of the transfusion and index
admission, primary data were used to estimate the
quantity and unit cost of hospital-based and Blood
Service resources used for alternative transfusion
strategies from South Manchester University
Hospital Trust (SMUHT), the Manchester Blood
Transfusion Service and the National Blood
Transfusion Service. The resource use and cost
data included additional inpatient stay or
outpatient visits, additional time in the operating
theatre suite, quantity and type of blood products
used, staff time, facilities and equipment for
collection, storage, quality control, patient testing
and transport of blood products, selection and
testing of patients to determine suitability for
alternative transfusion strategies, administration of
blood products and supportive pharmacological
therapy. It was expected that there would be few
data available from published literature and
databases to estimate the costs of hospital-based
resources for the primary operation and
transfusion. Therefore, these data were estimated

from local audit, finance, hospital and operating
theatre activity data in SMUHT. These data were
supplemented where necessary with data from the
systematic reviews of the transfusion strategies,
original studies and the economic evaluation and
cost studies reviewed. In addition, Department of
Health databases, Hospital Episode Statistics,
Reference Costs and Health Related Resource
Groups71,72 were reviewed for data relevant to the
resource use and/or costs associated with
transfusion and transfusion-related events.
Wherever possible, these additional sources of data
were also used to generate ranges of resource use
and unit costs for the probabilistic sensitivity
analysis (PSA). 

For each cost item, data on resource use and unit
costs were extracted from the reviewed literature
and databases. Where more than one estimate for
each cost item was obtained, the range of values
found were used to generate a distribution for the
PSA. The unit costs of blood products for
transfusion were derived from the 2003–4 national
price list from the National Blood Service,5 which
is based on one delivery per weekday and
augmented with local NHS Trust data to estimate
the cost of ad hoc deliveries. 

The distribution for each variable included the
minimum, mean or median and maximum values
found. Where possible, a mean value and measure
of variance (e.g. SD or 95% CI) was defined and
used to derive a distribution. If this information
was not available, minimum and maximum
estimates of cost were used to estimate a triangular
distribution for the PSA. The distributions were
estimated for resource use and total costs only.

Outcomes, utility values and QALYs
For the primary analysis, the final outcomes of
lives gained, lives with no adverse events and
QALYs are described. The outcome of lives gained
does not take into account any differences in the
HRQoL gained. The range of adverse events
found in developing the structure of the model
and the systematic review suggests that this may
bias an analysis if the rate of adverse events differs
between the transfusion strategies. The outcome
of lives gained with no adverse events takes into
account differences in the rates of adverse events,
but assigns an equal weight to the range of
adverse events. This implicitly assumes that the
impact of each adverse event on HRQoL and
morbidity is equal. If this assumption is not valid,
then the analysis may be biased. QALYs are a
method to weight gains in survival by both the
occurrence of adverse events and the impact of
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those events on health status and HRQoL. QALYs
are used extensively in economic evaluations to
value outcomes, and are incorporated into the
evaluations considered by the National Institute
for Health and Clinical Excellence. For these
reasons, QALYS were used in the estimation of
ICERs for both the primary and secondary
analyses. ICERs are estimated as the cost per
QALY gained. The data to estimate mortality and
utility values were extracted from the systematic
reviews, economic evaluations of transfusion
strategies, the serious hazards of transfusion
reports6,68,69 and health survey data for the UK.73

Analysis of data
Monte Carlo simulation was used to generate the
PSA and estimate the mean expected costs and
outcomes, and statistical measures of expected
variance (2.5th to 97.5th percentiles) around the
mean. The PSA allows estimation of the
probability that uncertainty and variation in the
data used affect the model values (absolute and
relative costs and outcomes). It also indicates the
extent to which each input variable affects the
model results. For this analysis, each variable was
assigned a base case or average value and a
distribution of possible values. Any deterministic
parameters in the model were assigned
distributions derived from minimum, mean and
maximum values. The PSA sums the results of
multiple analyses (iterations). Each iteration
samples values for the variables at random from
the specified distributions. The sampling method
used was Monte Carlo, expected value. The
simulation software was TreeAGe Pro plus
Healthcare module. 

ICERs were calculated as: (expected cost of A –
expected cost of B)/(expected outcome A –
expected outcome B). Statistical measures of
variance around the ICERs were not calculated,
since standard methods of analysis do not allow
this to be calculated in any meaningful way. No
predefined target ceiling ratio (i.e. the maximum
that a decision-maker is willing to pay for a unit of
effect) for cost-effectiveness was chosen. This was
because there is no evidence on what a single
target ceiling ratio should be. A range of ceiling
ratios were used from decision-makers being
willing to pay £0 to gain one QALY to decision-
makers being willing to pay £30,000 to gain one
QALY.

Cost-effectiveness acceptability curves (CEACs)
were plotted and used as a method of

summarising the uncertainty around the
generated cost-effectiveness ratios. CEACs plot the
probability that an intervention is cost-effective
against the value of a ceiling ratio (i.e. the
maximum a decision-maker is willing to pay for a
unit of effect). To estimate the CEAC of cell
salvage, simulations are treated as positive or
negative results. 

Positive results were defined as cases when 

● Both the incremental cost and incremental
QALY estimate for cell salvage are higher than
that of the comparator. 

● Both the incremental cost and incremental
QALY of cell salvage are lower than that of the
comparator.

● The incremental cost of cell salvage is lower and
the incremental QALY is higher than that of the
comparator.

Negative outcomes were defined as cases when the
incremental cost of cell salvage was higher than
that of the comparator and the incremental QALY
was lower. 

The CEAC estimates the probability that cell
salvage is cost-effective. This is done by first
bootstrapping the estimates of cost per QALY
(ICER) from the PSA. The proportion of
bootstrapped estimates where the cost per QALY
is lower than the ceiling ratio is calculated out of
the total number of bootstrapped estimates of the
ICER. This is repeated for each of the ceiling
ratios (in this case the ceiling ratios were: £0 to
£30,000 per QALY gained, in increments of
£1000). The probability that cell salvage is cost-
effective is then estimated as the proportion of
bootstrapped estimates of the ICER that are lower
than each ceiling ratio. These estimates are
plotted graphically against each of the ceiling
ratios to derive a CEAC. 

Net benefit statistics were estimated by revaluing
the bootstrapped estimates of QALYs, using the
ceiling ratios or willingness to pay to gain one unit
of outcome used for the CEAC analysis (i.e. £0 to
£30,000 per QALY gained, in increments of
£1000). For each willingness to pay threshold, the
net benefit (NB) is estimated as

NB = E × WTP – C

where E = the incremental QALY gained by an
intervention, WTP = willingness to pay to gain 1
QALY, and C = the incremental cost of the
intervention.

Methods: economic model
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The CEAC summarises the information at each
value of willingness to pay to gain a QALY. The
net benefit statistic gives an estimate of the
monetary value of a QALY or other measure of
effectiveness. 

Primary analysis
The primary analysis estimated the risks, costs and
outcomes of the alternative transfusion strategies
for 30 days from surgery, including the index
admission. The evidence about the relative long-
term benefits (in terms of survival and health
status) of transfusion alternatives is limited and
uncertain. It is also likely to be confounded by
type and effectiveness of surgical technique. In
addition, the use of a timeframe longer than
1 year for the analysis, with a high level of
uncertainty about these outcomes of treatment,
would mask the costs, outcomes and uncertainty
resulting from the use of the alternative
transfusion techniques. The impact of 1-, 10- and
30-year costs and outcomes associated with key
adverse events such as infection was explored in
the secondary analyses. 

Secondary analysis
Secondary analysis was used to explore whether
the relative cost-effectiveness of cell salvage was
affected by the following factors: 

1. timing of cell salvage (intraoperative versus
postoperative) and technique (washed versus
unwashed)

2. cost of cell salvage (equipment and activity
levels per year)

3. surgical procedure (cardiac, orthopaedic)
4. use of transfusion protocol for allogeneic blood

transfusion
5. long-term impact of adverse events on QALYs

(time horizon of analysis).

The primary outcome for the secondary analyses
was the QALY. 

Impact of increasing the use of cell
salvage on the National Blood Service
The model estimated the expected volume of
blood with an allogeneic blood transfusion
strategy and expected reductions in the volume of
blood used and the associated costs and outcomes
if cell salvage was used as a strategy to minimise
the use of allogeneic blood. The analysis explored
different levels of surgical activity for elective
procedures. In addition, the analysis explored
different levels of use of cell salvage. 
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Likelihood of events
Table 15 summarises the probability of receiving an
allogeneic blood transfusion for the allogeneic
blood comparison (with and without restrictive
transfusion protocol). Table 15 also presents the
estimated risk differences for the alternative
strategies to minimise allogeneic blood transfusion
when compared with allogeneic blood only. Where
possible, risk differences were calculated for all
surgical procedures, cardiac procedures and
orthopaedic procedures. However, there were
insufficient data for all the alternatives to estimate
risk differences for the cardiac or orthopaedic
procedures. In these cases it was assumed that the

risk difference for specific procedures was
adequately represented by the risk difference for
all procedures.

Table 16 shows the probability of transfusion with
autologous blood for the autologous blood
transfusion strategies. These data include
autologous transfusions for patients who received
autologous blood only and autologous transfusions
for patients who received both autologous and
allogeneic blood transfusions. For the model, the
probability of autologous transfusion only was
estimated as the probability of autologous blood
transfusion from Table 16 minus the probability of
both autologous and allogeneic blood transfusion
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Chapter 6

Data used as inputs to the economic model

TABLE 15 Probability of transfusion with allogeneic blood

All procedures Cardiac procedures Orthopaedic procedures

Mean (range) probability Mean (range) probability Mean (range) probability

ABa 0.66 (0–1)a 0.50 (0–1)a 0.45 (0–0.98)a

TPa 0.61 (0–1)a 0.61 (0–1)a 0.48 (0–1)a

Mean (95% CI) risk difference Mean (95% CI) risk difference Mean (95% CI) risk difference

All CSb –0.26 (–0.36 to –0.16) –0.14 (–0.23 to –0.05) –0.42 (–0.57 to -0.28)
IOCSb –0.24 (–0.45 to –0.03) –0.28 (–0.48 to –0.07) –0.24 (–0.45 to –0.03)i

POCSb –0.24 (–0.37 to –0.12) –0.10 (–0.20 to –0.01) –0.45 (–0.62 to –0.27) 
CS washedb –0.29 (–0.44 to –0.15) –0.22 (–0.39 to –0.05) –0.38 (–0.61 to –0.14) 
CS unwashedb –0.21 (–0.35 to –0.07) –0.09 (–0.20 to –0.02) –0.44 (–0.67 to –0.20) 
PADc –0.42 (–0.68 to –0.17) –0.42 (–0.68 to –0.17)i –0.42 (–0.88 to 0.04)
PAD + EPOd –0.14 (–0.21 to –0.08) –0.12 (–0.31 to 0.07) –0.079 (–0.14 to –0.02)
ANHe –0.21 (–0.25 to –0.16) –0.21 (–0.25 to –0.16) –0.14 (–0.32 to –0.03)
AFsf –0.20 (–0.26 to –0.015) –0.20 (–0.23 to –0.16)i –0.20 (–0.34 to –0.06)
FSsg –0.19 (–0.29 to –0.09) –0.19 (–0.29 to –0.09)i –0.27 (–0.50 to –0.03)
EPOh –0.23 (–0.33 to –0.12) –0.29 (–0.53 to –0.05) –0.20 (–0.32 to –0.07)

AB, allogeneic blood no restrictive transfusion protocol; CS, cell salvage; IOCS, intraoperative cell salvage; 
POCS, postoperative cell salvage. 
a Estimates of allogeneic transfusion (with and without restrictive transfusion protocol) derived from pooling the control

arms reported in the updated systematic reviews of CS and PAD and the published systematic reviews of the remaining
interventions13,21,29–33 and Chapter 3.

b Estimates derived from updated systematic review of CS30 and Chapter 3.
c Estimates derived from updated systematic review of PAD13 and Chapter 3.
d Estimates derived from published systematic review of PAD plus EPO, risk difference PAD plus EPO versus PAD.21

e Estimates derived from published systematic review of ANH.29

f Estimates derived from published systematic review of AFs.31

g Estimates derived from published systematic review of FSs.32

h Estimates derived from published systematic review of EPO.21

i If there was insufficient information to estimate surgical procedure specific risk differences, these were assumed to equal
the risk differences for all surgical procedures.



from Table 15. It was assumed that patients treated
by autologous transfusion strategies who required
a transfusion would have an autologous
transfusion first followed by an allogeneic
transfusion if necessary. 

Table 17 summarises the probability of adverse
events that could be due to either allogeneic blood
transfusion, or to surgery, by transfusion strategy.
These data were estimated from the events
reported by the systematic reviews. There were
insufficient data to estimate the probability of an
event for some of the transfusion strategies. In this
case, the probability of an alternative autologous
strategy was used for those strategies that used
autologous blood. For those strategies that did not
use autologous blood, if there were insufficient

data to estimate a strategy specific probability of
an adverse event, the probability for the allogeneic
comparison was used to approximate the
probability of the adverse event. This required the
assumption that the probability of allogeneic
blood transfusion was the primary determinant of
the occurrence of the event. The validity of this
assumption is unclear, since the event may have
been caused by the use of allogeneic transfusion,
or be a consequence of surgery. 

Tables 18 and 19 summarise the conditional
probability of events related to transfusion only,
given that a transfusion has been administered.
These were estimated as the mean number of
events per year divided by the estimated number
of transfusions per year. The average number of

Data used as inputs to the economic model
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TABLE 16 Probability of transfusion with autologous blood

Mean (range) probability

All procedures Cardiac procedures Orthopaedic procedures

All CS 0.64 (0.21–0.84) 0.64 (0.21–0.84) 0.64 (0.21–0.84)
IOCSa 0.64 (0.21–0.84) 0.64 (0.21–0.84) 0.64 (0.21–0.84)
POCSa 0.64 (0.21–0.84) 0.64 (0.21–0.84) 0.64 (0.21–0.84)
CS washeda 0.64 (0.21–0.84) 0.64 (0.21–0.84) 0.64 (0.21–0.84)
CS unwasheda 0.64 (0.21–0.84) 0.64 (0.21–0.84) 0.64 (0.21–0.84)
PADb 0.66 (0.47–1.00) 0.66 (0.47–1.00) 0.67 (0.51–0.89)
PAD + EPOc 0.68 (0.36–1.00) 0.68 (0.36–1.00) 0.68 (0.36–1.00)
ANHd 0.92 (0.24–1.00) 0.92 (0.24–1.00) 0.92 (0.24–1.00)

CS, cell salvage; IOCS, intraoperative cell salvage; POCS, postoperative cell salvage.
a Estimates derived from updated systematic review of CS30 and Chapter 3.
b Estimates derived from updated systematic review of PAD13 and Chapter 3.
c Estimates derived from published systematic review of PAD plus EPO, risk difference PAD plus EPO vs PAD.21

d Estimates derived from published systematic review of ANH.29

TABLE 17 Probability of events related to transfusion or surgery

AB AB + TP All CS PAD PAD + EPO ANH AFs FSs EPO

Cardiac problems 0.21a 0.21a 0.21a 0.21a 0.21a 0.21a 0.21a 0.21a 0.21a

Renal dysfunction 0.03a 0.03a 0.03a 0.03a 0.03a 0.03a 0.03e 0.03a 0.03a

Non-fatal MI 0.03a 0.03a 0.04b 0.04b 0.04b 0.04b 0.04e 0.03a 0.03a

Stroke 0.01a 0.01a 0.01b 0.01b 0.01b 0.01b 0.01e 0.00f 0.01a

Thrombosis 0.03a 0.03a 0.05b 0.04c 0.04c 0.05b 0.02e 0.03a 0.03a

Bleed and reoperation 0.04a 0.04a 0.04b 0.04b 0.04b 0.02d 0.02e 0.00f 0.04a

Wound complications 0.07a 0.07a 0.05b 0.05b 0.05b 0.05b 0.07a 0.04f 0.07a

AB, allogeneic blood; CS, cell salvage; IOCS, intraoperative cell salvage; POCS, postoperative cell salvage. 
a Estimates of allogeneic transfusion (with and without restrictive transfusion protocol) derived from pooling the control

arms reported in the updated systematic reviews of CS and PAD and the published systematic reviews of the remaining
interventions13,21,29–33 and Chapter 3.

b Estimates derived from updated systematic review of CS30 and Chapter 3.
c Estimates derived from updated systematic review of PAD13 and Chapter 3.
d Estimates derived from published systematic review of ANH.29

e Estimates derived from published systematic review of AF.31

f Estimates derived from published systematic review of FSs.32



events per year was estimated from the number of
events reported between 1996 and 2003 adjusted
by the participation rate in the serious hazards of
transfusion reporting scheme to take account of
non-reporting by some hospitals.6 The number of
transfusions per year was estimated at 800,000.4

The majority of events reported were associated
with allogeneic blood transfusions. However, a
limited number of events following autologous
blood transfusion were reported.6,68,69,74 For
example, in 2003, two cases of incorrect blood
component transfused (IBCT) and one case of
acute haemolytic transfusion reaction following an
autologous blood transfusion were reported to
SHOT. However, there are no firm data to indicate
the number of autologous transfusions used in
2003. A survey of practice suggests that the use of
PAD is relatively low in the UK.26 The data
reported in the survey suggest that the maximum
number of units transfused with PAD is in the
region of 2600 per year. This gives an estimate of
the probability of IBCT for PAD of 0.0008, which
is nearly twice that of allogeneic blood. However,

the data on the use of PAD reported in the survey
relied on self-report of managers about the
estimated number of units transfused. The use of
PAD may therefore be under-reported in the
survey, giving a high estimate of the probability of
adverse events. Against this, the number of
adverse events following autologous blood may be
under-reported to SHOT, and has been
highlighted as a concern by the SHOT Steering
Group.6 It is also possible that PAD is associated
with bacterial contamination of the autologous
blood product. However, there were no reported
cases of this occurring.

For these reasons, the probability of IBCT for PAD
transfusion was assumed to be equal to the
probability of IBCT of any blood transfusion
(allogeneic or autologous) due to bedside errors in
matching units of blood issued to the patient. This
excludes errors due to inaccurate matching of
blood products prior to issue of the blood from
the blood transfusion service or the local hospital.
The rationale for this approach is that there is no
a priori reason why there should be differences in
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TABLE 18 Conditional probability of events for transfusion of allogeneic blood only

Transfusion complication Mean Minimum Maximum

Graft vs host disease 0.000002a 0.000000a 0.000005a

IBCT 0.000244a 0.00010a 0.00045a

HTR acute 0.000043a 0.000038a 0.000055a

HTR delayed 0.000038a 0.000030a 0.000050a

PTP 0.000008a 0.000001a 0.000014a

TRALI 0.000025a 0.000014a 0.000046a

FAE 0.00000a 0.00000a 0.00000a

FAE, fatal air embolism; HTR, haemolytic transfusion reaction; IBCT, incorrect blood component transfused; PTP, post-
transfusion purpura; TRALI, transfusion-related lung injury.
a Estimates derived from reports of the serious hazards of transfusion between 1996 and 20036 survey of the

implementation of the Health Services circular ‘Better blood transfusion’26 and the National Audit Office.4

TABLE 19 Conditional probability of events related to transfusion of autologous blood only

Transfusion complication Unwashed CS only PAD PAD + EPO ANH

Graft vs host disease 0.00000a 0.00000a 0.00000a 0.00000a

IBCT 0.00000a 0.000122a 0.000122a 0.00000a

HTR acute 0.000004a 0.00000a 0.00000a 0.00000a

HTR delayed 0.00000a 0.00000a 0.00000a 0.00000a

PTP 0.00000a 0.00000a 0.00000a 0.00000a

TRALI 0.00000a 0.00000a 0.00000a 0.00000a

FAE 0.00003b 0.00000a 0.00000a 0.00000a

FAE, fatal air embolism; HTR, haemolytic transfusion reaction; IBCT, incorrect blood component transfused; PTP, post-
transfusion purpura; TRALI, transfusion-related lung injury. 
a Estimates derived from reports of the serious hazards of transfusion,6,68,69 a survey of the implementation of the Health

Services circular ‘Better blood transfusion’26 and the National Audit Office.4
b Estimates reported by Linden and colleagues.74



inconsistent matching of blood back to the
patients between PAD and allogeneic blood
transfusion strategies when the blood donation is
separated from the patient, as occurs with both
PAD and allogeneic blood. However, it should be
noted that the probability of mismatching a unit of
PAD blood to patient details at the patient bedside
may depend on whether the PAD was done by the
blood transfusion service or local hospital site. It
was not possible to explore this further in this
analysis.

For the other autologous transfusion strategies
and adverse events, if an adverse event was not
reported to SHOT as following an autologous
transfusion, it was assumed that the probability of
this event was zero. However, this may
underestimate the incidence of adverse events
reported to SHOT. The SHOT report of 2003
suggests that the probability of adverse events
associated with autologous transfusion may be as
high as 2–3%, and notes that this suggests that the
occurrence of serious hazards of autologous
transfusion may be under-reported.6 However,
that estimate of the probability of adverse events
associated with autologous blood transfusion was
published in 1992, and both the technology used
for autologous blood transfusion and blood
transfusion working practices have changed since
then, to improve the safety of blood transfusion.
The maximum total probability of events related
to autologous blood transfusion for the PSA was
set equal to that for transfusion with allogeneic
blood.

Table 20 summarises the probability of transfusion
transmitted infections.6,68,69,75 It was assumed that
these would only apply to people having an
allogeneic blood transfusion. It should be noted
that the data used to derive the probability of
transfusion transmitted infections are less robust for
bacterial contamination, variant Creutzfeldt–Jakob
disease (vCJD), HTLV, malaria and hepatitis A.
These estimates were based on the number of
events reported to SHOT, rather than well-
designed and robust epidemiological studies. 

The probability of mortality reported in the trials
included in the systematic reviews was similar for
all the alternative transfusion strategies at 0.03
(95% CI 0.00 to 0.21). The risk difference was
0.00 overall (95% CI –0.02 to 0.00). This was used
to estimate mortality for the index admission for
patients not having a transfusion, patients with no
complications following transfusion and patients
who had complications or adverse events that
could have been due to either transfusion or

Data used as inputs to the economic model
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TABLE 20 Conditional probability of transfusion transmitted
infection from allogeneic blood

Bacterial contamination 0.0000037a

vCJD 0.0000012a

HBV 0.0000001b

HCV 0.0000000b

HIV 0.0000001b

HTLV 0.0000000a

Malaria 0.0000012a

Hepatitis A 0.0000012a

HBV, hepatitis B virus; HCV, hepatitis C virus; HTLV,
human T-cell lymphotrophic virus; vCJD, variant
Creutzfeldt–Jakob disease. 
a Estimates derived from reports of the serious hazards

of transfusion,6,68,69 survey of the implementation of the
Health Services circular ‘Better blood transfusion’16 and
the National Audit Office.4

b Estimates reported by Soldan and colleagues.75

TABLE 21 Conditional probability of survival, complications due
to transfusion only

Transfusion complicationa Conditional probability 
(95% CI)

Transfusion-related graft vs host disease
Die 1.00
Survive major morbidity 0
Survive no ill effects 0

Incorrect blood component transfused
Die 0.012 (0.001 to 0.022)
Survive major morbidity 0.061 (0.026 to 0.096)
Survive no ill effects 0.928 (0.882 to 0.973)

Acute haemolytic transfusion reaction 
Die 0.043 (0.000 to 0.097)
Survive major morbidity 0.021 (0.000 to 0.056)
Survive no ill effects 0.936 (0.847 to 1.000)

Delayed haemolytic transfusion reaction
Die 0.038 (0.000 to 0.064)
Survive major morbidity 0.108 (0.000 to 0.045)
Survive no ill effects 0.854 (0.891 to 1.000)

Post-transfusion purpura
Die 0.046 (0.000 to 0.091)
Survive major morbidity 0.295 (0.000 to 1.000)
Survive no ill effects 0.660 (0.000 to 1.000)

Transfusion-related lung injury
Die 0.237 (0.212 to 0.333)
Survive major morbidity 0.640 (0.462 to 0.750)
Survive no ill effects 0.123 (0.000 to 0.326)

Fatal air embolism
Die 1.00

a Estimates derived from reports of the serious hazards
of transfusion,6,68,69 survey of the implementation of the
Health Services circular ‘Better blood transfusion’26 and
the National Audit Office.4



surgery. Table 21 summarises the probability of
mortality following adverse events related to
transfusion only for the index admission and
1 month following. Longer term mortality
associated with adverse events was not included in
the model.

Costs of events
Unit costs of transfusion, operation and
hospital inpatient stay
The costs of washed cell salvage were estimated as
the annual equivalent cost of the cell saver
equipment and the annual costs of maintenance,
consumables and cell salvage operator. The annual
equivalent cost of the cell salvage equipment was
estimated by discounting the acquisition price of
the equipment over an estimated life of 8 years at
3.5% per annum (UK Treasury recommended
rate).76 The cost per case of equipment,
maintenance, consumables and staff was estimated
for three rates of annual activity per cell saver: 50,
100 and 150 operations. Utilisation of cell salvage
depends on surgical demand, which can vary from
week to week. A recent survey found that the
estimated number of units transfused per year
ranged from less than 10 to over 200 units.26 The
annual use per cell saver at SMUHT lay within
this range at 100–150 operations per year. A
previous economic study of cell salvage used 100
operations ±50%.20 This equates to an estimated
weekly use of a cell saver of one, two or three
operations. This range of activity per cell saver
was used to estimate the costs of cell saver
equipment. Table 22 details the estimated costs of
equipment, maintenance and consumables for

washed cell salvage. Unwashed cell salvage, which
is typically performed postoperatively, requires
autologous wound drain kits. The costs of these
are between £58 (Unomedical HandyVac ATS) and
£182 (Stryker ConstaVac) per case. The costs of
washed cell salvage were used for the primary
analysis of all cell salvage, for all procedures. The
impact of using unwashed cell salvage costs was
explored in the secondary analyses of
postoperative cell salvage and using cell salvage
for orthopaedic procedures. These represent the
situations where unwashed cell salvage is typically
used. In addition, the secondary analyses
compared unwashed cell salvage to the alternative
transfusion strategies.

Table 23 summarises the unit costs of transfusion
and transfusion-related services.5,72,77,78 The cost
per unit of allogeneic blood has risen by 41%
between the financial years 1999 and 2000 and
2003–4. This exceeds the total rate of health and
community service inflation (12.2%) over the same
period.79 The additional increase in costs is
primarily due to the costs of improving the safety
of blood products, falls in demand for blood
products that increase the fixed cost per unit of
blood and investment in the NHS BTA to secure
future donor supply and organisational capacity.5

Cost of transfusion strategies
The number of units of blood donated or salvaged
pre- or perioperatively and the number of units of
allogeneic blood transfused perioperatively were
estimated from the trials included in the systematic
reviews. Table 24 presents the mean units of
allogeneic blood transfused for the allogeneic
transfusion strategy. This was calculated from
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TABLE 22 Cost per case of cell salvage equipment, maintenance, consumables and staff (washed cell salvage)

Unit cost (£s, 2003–4) Source

Low Medium High 
cost/case cost/case cost/case 
(Didecoa) (Hameoneticsa) (Freseniusa)

Annual cost per cell saver (including VAT at 17.5%)
Annual equivalent capital cost 711 2343 2343 SMUHT, manufacturer’s list price
Maintenanceb 963 2270 3084 SMUHT, manufacturer’s list price
Consumables (per case) 71 108 100 SMUHT, manufacturer’s list price

Average cost per case (including VAT at 17.5%)
50 cases per year 137 214 217 SMUHT, manufacturer’s list price

100 cases per year 104 161 158 SMUHT, manufacturer’s list price
150 cases per year 93 143 139 SMUHT, manufacturer’s list price

a Manufacturer of cell salvage equipment.
b Average annual maintenance cost over the estimated 8-year life of a machine, where the first year maintenance cost is

zero with manufacturer’s 12-month warranty. 
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TABLE 23 Units costs of transfusion and transfusion-related services

Average (range) unit cost (£, 2003–4) Source

Group and save (per sample) 7.89 SMUHTa

Cross-match:
Allogeneic blood (per sample) 23.24 NHS BTAb

Autologous blood (per sample) 23.24 NHS BTAb

Collection of autologous blood (per unit) 81.32 NHS BTAb

Unit of red cells, allogeneic blood 111.16 NHS BTAb

Blood collection bag (ANH) 5.00 NHS BTAb

Giving sets 2.71 SMUHTa

EPO 8.38/1000 units BNFc

FSs 65.00/ml (Tisseel Kit) MIMSd

AFs 20.53/500000 KIU vial BNFc

Outpatient visit (preoperative)a 76.00 HRGse

Inpatient day:
All procedures 152.00 SMUHTa

Operating theatre (per minute) 11.15 (10.89–11.40) SMUHTa

ICU per day 1493.00 SMUHTa

CCU per day 282.00 SMUHTa

a South Manchester University Hospital Trust local activity and financial data.
b National Blood Service.5
c British National Formulary.77

d Monthly Index of Medical Specialties.78

e Cost of preoperative outpatient visit to collect autologous blood and/or treatment with EPO estimated as cost of blood
transfusion visit, from the Department of Health Reference Costs: follow-up outpatient visit costs.72

TABLE 24 Units of allogeneic blood transfused in patients having an allogeneic transfusion

All procedures Cardiac procedures Orthopaedic procedures

Mean (95% CI) Mean (95% CI) Mean (95% CI)

ABa 3.13 (2.52 to 3.73)a 3.13 (2.41 to 3.86)a 1.92 (1.40 to 2.45)a

Mean (95% CI) difference Mean (95% CI) difference Mean (95% CI) difference

All CS –0.9 (–1.23 to –0.56) –0.97 (–1.40 to –0.55) –1.13 (–1.78 to –0.48)
IOCSb –0.64 (–1.45 to +0.17) –0.46 (–0.86 to –0.05) –0.64 (–1.45 to +0.17)
POCSb –0.83 (–1.06 to –0.60) –0.71 (–1.10 to –0.32) –0.80 (–1.20 to –0.40)
CS washedb –0.93 (–1.49 to –0.36) –1.04 (–1.73 to –0.36) –1.25 (–2.16 to –0.34)
CS unwashedb –0.86 (–1.24 to –0.47) –0.89 (–1.46 to –0.31) –0.86 (–1.24 to –0.47)
PADc –1.9 (–2.7 to –1.1) –1.24 (–2.44 to –0.04) –1.01 (–1.28 to –0.74)
PAD + EPOd –1.9 (–2.7 to –1.1) –1.24 (–2.44 to –0.04) –1.01 (–1.28 to –0.74)
ANHe –1.9 (–2.7 to –1.1) –1.24 (–2.44 to –0.04) –1.01 (–1.28 to –0.74)
AFsf –0.96 (–1.32 to –0.59) –0.96 (–1.32 to –0.59) –0.96 (–1.32 to –0.59)
FSsg –0.56 (–0.84 to –0.29) –0.62 (–0.98 to –0.26) –0.48 (–0.91 to –0.05)
EPOh NA NA NA

AB, allogeneic blood; CS, cell salvage; IOCS, intraoperative cell salvage; NA, estimate not available owing to lack of reported
data; POCS, postoperative cell salvage.
a Estimates of allogeneic transfusion (with and without restrictive transfusion protocol) derived from pooling the control

arms reported in the updated systematic reviews of CS and PAD and the published systematic reviews of the remaining
interventions13,21,29–33 and Chapter 3.

b Estimates derived from updated systematic review of CS30 and Chapter 3.
c Estimates derived from updated systematic review of PAD13 and Chapter 3.
d Estimates derived from published systematic review of PAD plus EPO, risk difference PAD plus EPO vs PAD.21

e Estimates derived from published systematic review of ANH.29

f Estimates derived from published systematic review of AFs.31

g Estimates derived from published systematic review of FSs.32

h Estimates derived from published systematic review of EPO.21



pooling the data from the control arms of the trials
included in the systematic reviews reported in
Chapter 3. Table 24 also gives the WMDs in units of
allogeneic blood transfused between the allogeneic
transfusion strategy and the alternative transfusion
strategies. The mean cost of allogeneic blood per
transfusion for the allogeneic blood transfusion
strategy is shown in Table 25. Table 25 also gives the
WMD in cost of allogeneic blood between the
allogeneic blood transfusion strategy and the other
transfusion strategies. 

The resources used to estimate the pre- and
perioperative costs of blood transfusion are
summarised in Tables 26 and 27. The use of cross-
matching, group and screen tests and the number
of units of blood cross matched preoperatively, plus
the number of giving sets used, were estimated
from secondary analysis of two trial databases held
at SMUHT. The combined databases included
details of the use of these resources for 303
patients (151 allocated to the control arm of
allogeneic blood and 152 allocated to the active
arm). The active arm included ANH only (n = 78)
or cell salvage plus ANH (n = 74). The drug doses
for the strategies that included EPO, AFs and FSs
were estimated from those reported in the trials
included in the systematic reviews. 

The costs of ANH include the costs of cannulation
to collect the blood, bags to store whole blood

during the operation and crystalloids and/or
colloids to maintain the haemodynamic volume of
the patient during the perioperative period.
Analysis of the SMUHT trial datasets indicates that
the costs of cannulisation and crystalloids or colloids
were incurred for both the patients allocated to
ANH and control patients. The additional costs of
ANH were estimated from the costs of bags for
collection of the blood prior to the operation. 

Tables 28 and 29 summarise the pre- and
postoperative costs associated with each of the
alternative transfusion strategies. 

Cost of operation and index hospital
admission
The cost of the index admission was estimated as
the cost of the elective surgical procedure plus the
cost of the hospital inpatient stay. Analysis of the
trials included in the systematic reviews that
reported the length of surgery found that there
were no differences between the transfusion
strategies (190 minutes for alternative strategies
versus 195 minutes for the allogeneic transfusion
strategy). 

Table 30 presents the mean length of inpatient stay
associated with the allogeneic transfusion strategy.
This was calculated from pooling the data from
the control arms of the trials included in the
systematic reviews reported in Chapter 3. Table 30
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TABLE 25 Cost of allogeneic blood per person having an allogeneic blood transfusion (£, 2003–4)

All procedures Cardiac procedures Orthopaedic procedures

Mean (95% CI)a,b Mean (95% CI)a,b Mean (95% CI)a,b

AB 348 (280 to 415) 348 (280 to 415) 213 (156 to 272)

Mean (95% CI) differencea,b Mean (95% CI) differencea,b Mean (95% CI) differencea,b

All CS –100 (–137 to –62) –108 (–156 to –61) –126 (–198 to –53)
IOCS –71 (–161 to +19) –51 (–96 to –6) –71 (–161 to +19)
POCS –92 (–118 to –67) –79 (–122 to –36) –89 (–133 to –44)
CS washed –103 (–166 to –40) –116 (–192 to –40) –139 (–240 to –38)
CS unwashed –96 (–138 to –52) –99 (–162 to –34) –96 (–138 to –52)
PAD –211 (–300 to –122) –138 (–271 to –4) –112 (–142 to –82)
PAD + EPO –211 (–300 to –122) –138 (–271 to –4) –112 (–142 to –82)
ANH –211 (–300 to –122) –138 (–271 to –4) –112 (–142 to –82)
AFs –107 (–147 to –66) –107 (–147 to –66) –107 (–147 to –66)
FSs –62 (–93 to –32) –69 (–109 to –29) –53 (–101 to –6)
EPOc 348 (280 to 415) 348 (280 to 415) 213 (156 to 272)

AB, allogeneic blood; CS, cell salvage; IOCS, intraoperative cell salvage; POCS, postoperative cell salvage. 
a Mean cost estimated as mean (or best guess estimate) resource use multiplied by average unit cost.
b Minimum and maximum costs estimated as minimum or maximum resource use multiplied by average unit cost.
c Cost of allogeneic blood in the EPO strategy assumed to be equal to that of the allogeneic strategy, owing to lack of data

on quantity of allogeneic blood transfused in EPO trials.
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also presents the WMDs in hospital inpatient stay
between the allogeneic transfusion strategy and
the alternative transfusion strategies. These were
estimated from the trials reporting these data
included in the systematic reviews. Table 30 further
reports the mean length of stay recorded in the
two clinical trial databases at SMUHT and the
average length of stay reported in the national
Hospital Episode Statistics for all surgical
procedures and by cardiac and orthopaedic
procedures.71

Table 31 reports the costs of the hospital stay for
the index admission, for patients with no
complications. These were estimated from the
average lengths of stay reported in Table 30
multiplied by the average unit cost per day.

Costs of adverse events
Table 32 presents the mean length of stay and cost
per day associated with events related to transfusion
or surgery and transfusion-related adverse events. It
was assumed that the adverse events caused by
either transfusion or surgery, transfusion only and
bacterial contamination would occur within 1 day of
the transfusion. The cost of the index admission for
each of these adverse events was estimated as

[(length of stayIA – length of stayC) × cost/dayIA]
+ (length of stayC × cost/dayC)

where length of stayIA = mean length of stay of
the index admission for the transfusion strategy
and length of stayC = mean length of stay of the
adverse event.

These costs were estimated separately for each
adverse event and replaced the mean cost of the
index admission, for pathways in the model where
the adverse event occurred. It was assumed that
the duration of most of the transfusion or surgical
adverse events and the adverse events related to
transfusion alone would not extend past the index
admission period. This meant that no additional
costs were estimated for these adverse events for
the timeframes of 1, 10 and 30 years. However, it
was assumed that there would be longer term costs
associated with disabling stroke. The probability of
disabling stroke, for patients having a stroke, was
estimated as 0.58 and the annual cost of disabling
stroke was estimated at £11,000. The additional
annual cost for non-disabling stroke was assumed
to be zero. 

With the exception of bacterial contamination (see
above), transfusion-transmitted infections were

Data used as inputs to the economic model
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TABLE 28 Summary of preoperative costs: all procedures

Meana (range)b (£, 2003)

AB 20 (11–31)
IOCS 13 (0–26)
POCS 13 (0–26)
CS washed 13 (0–26)
CS unwashed 13 (0–26)
PAD 350 (330–510)
PAD + EPO 509 (410–599)
ANH 13 (0–26)
AFs 20 (11–31)
FSs 20 (11–31)
EPO 128 (102–140)

AB, allogeneic blood; CS, cell salvage; IOCS, intraoperative
cell salvage; POCS, postoperative cell salvage. 
a Mean cost estimated as mean (or best guess estimate)

resource use multiplied by average unit cost.
b Minimum and maximum costs estimated as minimum or

maximum resource use multiplied by average unit cost.

TABLE 29 Summary of other peri-operative transfusion-related costs, £, 2003

Mean (range) (£, 2003)

All procedures Cardiac procedures Orthopaedic procedures

AB 3.00 3.00 3.00
IOCS 138 138 138
POCS 138 138 138
CS washed 138 138 138
CS unwashed 114 114 114
PAD 26 26 26
PAD + EPO 26 26 26
ANH 29 29 29
AFs 118 (85–232) 118 (85–232) 118 (85–232)
FSs 68 (68–133) 68 (68–133) 68 (68–133)
EPO 3.00 3.00 3.00

CS, cell salvage; IOCS, intraoperative cell salvage; POCS, postoperative cell salvage.
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TABLE 30 Mean length of stay (days)

All procedures Cardiac procedures Orthopaedic procedures

Mean (95% CI) Mean (95% CI) Mean (95% CI)

ABa 13 (10 to 16)a 9.56 (6.77 to 12.35) 10.59 (5.94 to 15.25)

Mean (95% CI) difference Mean (95% CI) difference Mean (95% CI) difference

All CS –1.28 (–2.65 to 0.08) –0.97 (–3.49 to 1.56) –2.60 (–4.76 to –0.44)
IOCSb –1.28 (–2.65 to 0.08) –1.28 (–2.65 to 0.08) –1.28 (–2.65 to 0.08)
POCSb –1.28 (–2.65 to 0.08) –0.97 (–3.49 to 1.56) –2.60 (–4.76 to –0.44)
CS washedb –1.28 (–2.65 to 0.08) –1.28 (–2.65 to 0.08) –1.28 (–2.65 to 0.08)
CS unwashedb –1.28 (–2.65 to 0.08) –1.28 (–2.65 to 0.08) –1.28 (–2.65 to 0.08)
PADc –0.74 (–1.86 to 0.39) –0.74 (–1.86 to 0.39) –0.74 (–1.86 to 0.39)
PAD + EPOd –0.74 (–1.86 to 0.39) –0.74 (–1.86 to 0.39) –0.74 (–1.86 to 0.39)
ANHe 0.21 (–1.26 to 1.68) 0.21 (–1.26 to 1.68) 0.21 (–1.26 to 1.68)
AFsf –0.89 (–2.51 to 0.73) –0.89 (–2.51 to 0.73) –0.89 (–2.51 to 0.73)
FSsg –0.89 (–2.51 to 0.73) –0.89 (–2.51 to 0.73) –0.89 (–2.51 to 0.73)
EPOh –0.89 (–2.51 to 0.73) –0.89 (–2.51 to 0.73) –0.89 (–2.51 to 0.73)
Hospital Episode Statistics Not estimated 10.00 10.28
Reference Costs Not estimated 7.61 10.65

(elective admissions)

AB, allogeneic blood; CS, cell salvage; IOCS, intraoperative cell salvage; POCS, postoperative cell salvage. 
a Estimates of allogeneic transfusion (with and without restrictive transfusion protocol) derived from pooling the control

arms reported in the updated systematic reviews of CS and PAD and the published systematic reviews of the remaining
interventions13,21,29–33 and Chapter 3.

b Estimates derived from updated systematic review of CS30 and Chapter 3.
c Estimates derived from updated systematic review of PAD13 and Chapter 3.
d Estimates derived from published systematic review of PAD plus EPO, risk difference PAD plus EPO vs PAD.21

e Estimates derived from published systematic review of ANH.29

f Estimates derived from published systematic review of AFs.31

g Estimates derived from published systematic review of FSs.32

h Estimates derived from published systematic review of EPO.21

TABLE 31 Cost of index admission, no complications

All procedures Cardiac procedures Orthopaedic procedures

Mean (95% CI)/£ Mean (95% CI)/£ Mean (95% CI)/£

ABa 1976 (1520 to 2432)a 1453 (1029 to 1877) 1610 (903 to 2318)

Mean (95% CI) difference Mean (95% CI) difference Mean (95% CI) difference

All CS
IOCSb –195 (–403 to 12) –195 (–403 to 12) –195 (–403 to 12)
POCSb –195 (–403 to 12) –147 (–530 to 237) –395 (–724 to –67)
CS washedb –195 (–403 to 12) –195 (–403 to 12) –195 (–403 to 12)
CS unwashedb –195 (–403 to 12) –195 (–403 to 12) –195 (–403 to 12)
PADc –112 (–283 to 59) –112 (–283 to 59) –112 (–283 to 59)
PAD + EPOd –112 (–283 to 59) –112 (–283 to 59) –112 (–283 to 59)
ANHe 32 (–192 to 255) 32 (–192 to 255) 32 (–192 to 255)
AFsf –135 (–382 to 111) –135 (–382 to 111) –135 (–382 to 111)
FSsg –135 (–382 to 111) –135 (–382 to 111) –135 (–382 to 111)
EPOh –135 (–382 to 111) –135 (–382 to 111) –135 (–382 to 111)

AB, allogeneic blood; CS, cell salvage; IOCS, intraoperative cell salvage; POCS, postoperative cell salvage.



assumed to be diagnosed after discharge from the
index admission. The cost of these events for the
12-month follow-up period was estimated as the
cost of two additional hospital admissions for
malaria and HTLV (Table 32). For HAV, HBV and
HCV, the cost for the 12-month follow-up period
was estimated as the cost of hospital inpatient care
for two acute episodes plus three outpatient visits.
For HIV, the cost for the 12-month follow-up
period was estimated as the cost of two episodes of
hospital inpatient care for exposure to the HIV

virus plus three outpatient visits (Table 32). For
HAV, HBV and HCV, the cost of a chronic
admission was used. For HIV, the cost of hospital
inpatient care for exposure to the HIV virus was
used (Table 32). The costs of drug therapy were
included in the costs for the longer timeframes of
1 year or more. 

For the secondary analysis to explore the impact of
using a longer time horizon, the lifetime costs of
transfusion-transmitted infection were estimated.

Data used as inputs to the economic model
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TABLE 32 Costs of adverse events

Transfusion complication Source Length of stay (days) Cost/day (£)

Other cardiac problems Reference costsa 2.94 413f

Renal dysfunction (acute renal failure) Reference costsa 5.68 239f

Non-fatal MI Reference costsa 8.91 110f

Stroke Reference costsa 8.76 193f

Thrombosis Reference costsa 3.32 228f

Bleed and reoperation SMUHTb 190 minutes 11/minute
Wound complications Reference costsa 12 175f

Transfusion-related graft vs host disease HESc, SHOTd, CIPFAe 6.28 372–1434
Incorrect blood component transfused HESc, SMUHTb 11.9 152
Haemolytic transfusion reaction: 

Acute HESc, CIPFAe 11.9 585
Delayed HESc, CIPFAe 11.9 585

Post-transfusion purpura (allergic purpura) HESc, CIPFAe 2.5 585
TRALI (44% ICU admission 1–9 days) SHOTd, SMUHTb 1.98 (ICU) 1434
Fatal air embolism HESc, CIPFAe 10 251
Bacterial contamination HESc, SMUHTb 8.4 152
vCJD
HBV acute HESc, CIPFAe 4.7 340
HBV chronic HESc, CIPFAe 7.4 340
HCV acute HESc, CIPFAe 4.6 244
HCV chronic HES, CIPFAe 3.5 244
HIV Reference costsa 6.97 428f

HTLV HESc, Reference costsa 1 428g

Malaria HESc, CIPFAe 3.4 340
Hepatitis A acute HESc, CIPFAe 5.1 340
Hepatitis B acute HESc, CIPFAe 4.7 340
Hepatitis C acute HESc, CIPFAe 4.6 340
Hepatitis A contact/exposure to or carrier HESc, CIPFAe 1.6 340
Hepatitis B contact/exposure to or carrier HESc, CIPFAe 1.6 340
Hepatitis C contact/exposure to or carrier HESc, CIPFAe 1.6 340
HIV contact/exposure/carrier/asymptomatic HESc, CIPFAe 4.1 428
HIV (outpatient visit) Reference costsa 1 691f

HTLV (outpatient visit) Reference costsa 1 190f,g

Malaria (outpatient visit) Reference costsa 1 190f,g

Hepatitis A (outpatient visit) Reference costsa 1 190f,g

Hepatitis B (outpatient visit) Reference costsa 1 190f,g

Hepatitis C (outpatient visit) Reference costsa 1 190f,g

a Reference costs.72

b South Manchester University Hospitals Trust.
c Hospital Episode Statistics.71

d SHOT.6,68,69

e Estimated as reference cost for an inpatient episode divided by the average length of stay for an inpatient episode (CIPFA,
Chartered Institute of Public Finance and Accountancy).
f Assumed equal to infectious disease outpatient visits and costs reported in the reference cost data set.72

g Length of stay assumed equivalent to that of aplastic anaemia.6,68,69,72



The lifetime costs of HIV were derived from a
recent economic model that modelled the lifetime
costs and QALYs associated with HIV.67 The costs
included the costs of health services and highly
active antiretroviral therapy. The cost data were
converted from US dollars using purchasing power
parity rates.80 The lifetime costs for HIV were
estimated as £161,250 (range £82,079–255,833).
The lifetime costs for HIV were used to represent
high estimates of the lifetime costs of hepatitis,
HTLV and vCJD.

Outcomes, utility and QALYs
The review of the published economic evaluation
literature (Chapter 4) indicated that, to date,
economic analyses have concentrated on the
morbidity due to transfusion-transmitted
infections. There was no evidence about the utility
associated with complications due to surgery or
transfusion, or complications due to transfusion
only. In addition, this economic model focuses on
elective surgery for mainly long standing or
chronic health states. The utility data used for the
model are summarised in Table 33.73,81

The 1996 Health Survey for England73 suggests
that the mean utility values of health states

associated with long-standing illness range
between 0.64 for limiting illness and 0.88 for non-
limiting illness. The mean utility values for people 
with no long-standing illness are estimated at 0.93.
These are similar to the estimates of utility for
stroke and other surgical or transfusion-related
complications.81 However, they are lower than the
estimates of health states associated with
transfusion-transmitted illness, which were used in
the published economic analyses
(0.75–0.99).36–38,57–65 These data suggest that the
impact of most of the adverse events associated
with transfusion on health and HRQoL are likely
to be minimal compared with the impact of the
underlying reasons for surgery, the short-term
disutility associated with surgery and hospital
admission. To minimise bias associated with
overestimation of the relative impact of
transfusion-associated complications, utility values
were assigned using the data from the 1996
Health Survey for England.73 For the secondary
analysis to explore the impact of using a longer
time horizon, the lifetime QALYs associated with
transfusion-transmitted infections were derived
from a published study that modelled the lifetime
QALYs associated with HIV.67 The lifetime QALYs
were estimated from a distribution based on the
minimum and maximum (10 and 13) QALYS
gained.
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TABLE 33 Utility values assigned to different health states

All proceduresa

Mean 25th percentile 75th percentile

Utility values surgery to hospital dischargeb

No adverse events 0.64 0.59 0.80
Adverse events 0.64 0.59 0.80

Utility values hospital discharge to 30 days 0.88 0.80 1.00
No adverse eventsc 0.88 0.80 1.00
Stroked 0.64 0.31 0.88
Other adverse eventsc 0.88 0.80 1.00

1–12 months following surgery
No adverse eventse 0.93 0.85 1.00
Strokeb 0.64 0.31 0.88
vCJDe 0.93 0.85 1.00
HAV/HBVHCV:
Acutee 0.93 0.85 1.00
Chronicc 0.88 0.80 1.00
HIVc 0.88 0.80 1.00
HTLVc 0.88 0.80 1.00
Malariac 0.88 0.80 1.00

a Utility values estimated from the Health Survey for England 1996.73

b Utility values estimated from those reported for long-standing limiting illness.73

c Utility values estimated from those reported for long-standing non-limiting illness.73

d Utility values estimated from those reported by Dorman and colleagues81 for stroke.
e Utility values estimated from those reported for no long-standing illness.73





Primary analysis
Expected costs and outcomes at
1 month post-surgery, all surgical
procedures
Table 34 presents the expected costs of the
alternative transfusion strategies for the 1-month
timeframe. The expected outcomes of the
alternative transfusion strategies for the 1-month
timeframe are shown in Table 35. 

Table 34 indicates that cell salvage is associated
with expected costs per person that are similar to,
or slightly lower than those of the alternative

transfusion strategies. The 2.5th to 97.5th
percentile ranges for all the strategies overlap.
This suggests that the differences between cell
salvage and alternative transfusion strategies may
be due to variations in the data rather than true
differences in the cost of the alternative
transfusion strategies.

The data in Table 35 suggest that cell salvage is
associated with similar rates of lives gained for all
the transfusion strategies. Cell salvage is
associated with improved outcomes, in terms of
lives and life-years gained with no adverse events
and QALYs, than most of the alternative
transfusion strategies. The exception is the PAD
transfusion strategy, which is associated with
higher expected outcomes than cell salvage. As
with the expected costs, the 2.5th to 97.5th
percentile ranges for all the strategies overlap.
This suggests that the differences in outcomes
between cell salvage and alternative transfusion
strategies may be due to variations in the data
rather than true differences in the outcomes of the
alternative transfusion strategies.

Incremental cost-effectiveness of cell
salvage at 1 month post-surgery, all
surgical procedures
The relative cost-effectiveness of cell salvage was
assessed by comparison of the ICER, calculation of
the CEACs and the net benefit of cell salvage. The
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TABLE 34 Expected cost per person: all surgical procedures

Mean cost (£, 2003–4) 
(2.5th; 97.5th percentile)

AB 5006 (4550; 5454)
All CS 4930 (4377; 5426)
IOCS 4953 (4391; 5467)
POCS 4941 (4387; 5443)
CS washed 4915 (4365; 5421)
CS unwashed 4886 (4309; 5376)
PAD 5078 (4595; 5556)
PAD + EPO 5266 (4779; 5730)
ANH 4818 (4352; 5270)
AFs 4958 (4473; 5423)
FSs 4927 (4429; 5403)
EPO 4958 (4448; 5443)

TABLE 35 Expected outcome per person, by type of outcome: all surgical procedures

Mean no. of patients Mean no. of patients Mean life-years no Mean QALYs 
alive (2.5th; 97.5th alive with no adverse adverse events (2.5th; 97.5th 
percentile) events (2.5th; 97.5th (2.5th; 97.5th percentile)

percentile) percentile)

AB 0.974 (0.915; 1.000) 0.552 (0.466; 0.642) 0.0454 (0.0383; 0.0528) 0.0632 (0.0528; 0.0736)
All CS 0.974 (0.915; 1.000) 0.562 (0.473; 0.653) 0.0462 (0.0389; 0.0537) 0.0680 (0.0587; 0.0768)
IOCS 0.974 (0.915; 1.000) 0.562 (0.473; 0.654) 0.0462 (0.0389; 0.0537) 0.0679 (0.0583; 0.0767)
POCS 0.974 (0.915; 1.000) 0.562 (0.473; 0.654) 0.0462 (0.0389; 0.0537) 0.0679 (0.0584; 0.0768)
CS washed 0.974 (0.915; 1.000) 0.562 (0.474; 0.654) 0.0462 (0.0389; 0.0537) 0.0683 (0.0592; 0.0770)
CS unwashed 0.974 (0.915; 1.000) 0.561 (0.473; 0.653) 0.0462 (0.0389; 0.0537) 0.0677 (0.0581; 0.0766)
PAD 0.974 (0.915; 1.000) 0.565 (0.463; 0.665) 0.0464 (0.0381; 0.0547) 0.0692 (0.0606; 0.0778)
PAD + EPO 0.974 (0.915; 1.000) 0.561 (0.462; 0.661) 0.0461 (0.0380; 0.0543) 0.0673 (0.0572; 0.0764)
ANH 0.974 (0.915; 1.000) 0.572 (0.483; 0.661) 0.0470 (0.0397; 0.0543) 0.0675 (0.0579; 0.0764)
AFs 0.974 (0.915; 1.000) 0.553 (0.466; 0.642) 0.0455 (0.0383; 0.0528) 0.0632 (0.0528; 0.0736)
FSs 0.974 (0.915; 1.000) 0.553 (0.466; 0.642) 0.0455 (0.0383; 0.0528) 0.0632 (0.0528; 0.0736)
EPO 0.974 (0.915; 1.000) 0.553 (0.466; 0.642) 0.0455 (0.0383; 0.0528) 0.0632 (0.0528; 0.0736)



QALY was used as the primary outcome measure
in the calculation of the ICER. The CEACs
present the proportion of simulations when cell
salvage has an ICER less than the range of ceiling
ratio willingness to pay values to gain a QALY.
The CEAC indicates the probability that cell
salvage is cost-effective when compared with
alternative transfusion strategies. The CEACs
presented below are estimated from the
incremental costs and effects of cell salvage. They

do not provide a comparison between the
alternative transfusion strategies. For example, the
CEAC for allogeneic blood provides an estimate of
the cost-effectiveness of cell salvage compared with
allogeneic blood. The CEAC for allogeneic blood
cannot be compared with that for PAD.

The comparison of cell salvage with other
transfusion strategies is based on analyses using
pooled data for all types of cell salvage and the
costs of washed cell salvage for the primary
analysis. The secondary analyses explore whether
the type or timing of cell salvage affect the relative
cost-effectiveness of cell salvage. 

Cell salvage versus allogeneic transfusion
strategies 
Tables 36 and 37 and Figure 11 indicate that cell
salvage is cost-effective when compared with the
allogeneic blood transfusion strategy. However,
cell salvage is associated with higher costs and
higher QALYs when compared with FSs, AFs or
EPO to reduce exposure to allogeneic blood. 
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TABLE 36 Incremental cost-effectiveness: all cell salvage versus allogeneic transfusion strategies, all surgical procedures, 1-month
timeframe

Net cost of cell salvage (£) Net QALY of cell salvage Cost/QALY gained (£) 
(2.5th; 97.5th percentile) (2.5th; 97.5th percentile) (mean values only)

AB –76 (–368; 208) 0.00477 (–0.00114; 0.01497) CS dominates
AFs –28 (–353; 282) 0.00477 (–0.00114; 0.01497) CS dominates
FSs 3 (–305; 319) 0.00477 (–0.00114; 0.01497) 629
EPO –28 (–326; 306) 0.00477 (–0.00114; 0.01497) CS dominates

TABLE 37 Net benefits of cell salvage (£)a compared with
allogeneic methods of transfusion: all surgical procedures, 
1-month timeframe

AB FS AF EPO

Mean 220 141 171 171
2.5th percentile –95 –194 –162 –173
97.5th percentile 686 616 666 633

a Net benefit equals net cost minus the willingness-to-pay
value for a net gain in QALYs.
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FIGURE 11 Incremental CEACs for allogeneic blood transfusion strategies compared with cell salvage, all surgical procedures, 
1-month timeframe



Figure 11 shows the CEACs for allogeneic blood,
FSs, AFs and EPO compared with cell salvage.
Figure 11 indicates that the proportion of
simulations when these interventions were more
cost-effective was less than 50%. This means that
cell salvage was more cost-effective than these
alternatives in more than 50% of simulations. The
probability that cell salvage was cost-effective
ranged between 91% if a decision-maker is
prepared to pay £30,000 to gain an additional
QALY with cell salvage compared with allogeneic
blood, and 48% if a decision-maker is not
prepared to pay to gain an additional QALY with
cell salvage compared with FSs. This indicates that
there is a high probability that cell salvage is cost-
effective compared with allogeneic blood, FSs, AFs
and EPO. In addition, using the ceiling value of
£30,000 to gain one QALY, the mean net benefit
of cell salvage was between £141 and £220 when
compared with these transfusion strategies,
indicating that cell salvage could be cost-effective
(Table 37).

Cell salvage versus other autologous transfusion
strategies
Overall, the expected costs of cell salvage were
lower than those associated with PAD and PAD
plus EPO, but higher than those associated with
ANH. Cell salvage was associated with lower
QALYs than PAD, but higher QALYs than PAD
plus EPO or ANH. Tables 38 and 39 and Figure 12
indicate that there is a high probability that cell
salvage is cost-effective relative to PAD or PAD
plus EPO. However, ANH may be more cost-
effective than cell salvage. The proportion of
simulations when ANH was more cost-effective
than cell salvage was always higher than 50%, with
a net benefit in favour of ANH of £97. This means
that using a ceiling value of £30,000 to gain one
QALY, the net benefit of ANH was higher than the
net cost of ANH, when compared with cell salvage.
In contrast, the proportion of simulations when
PAD or PAD plus EPO were more cost-effective
than cell salvage were less than 50% across the

range of willingness to pay ceiling values. In
addition, using the ceiling value of £30,000 to
gain one QALY, the net benefit of these
transfusion strategies was lower than their net cost,
when compared with cell salvage.

Secondary analyses
Secondary analyses were conducted to explore
whether there were differences between the
different methods of cell salvage (washed versus
unwashed, intraoperative versus postoperative).
Secondary analyses were also used to assess the
potential impact on the results of variations in
structural variables or the data sets used to
populate the model. These included using the
subsets of data specific to the:

● different cell salvage techniques
● use of restrictive transfusion protocols for the

allogeneic blood transfusion strategy
● the type of surgical procedure evaluated
● the timeframe of the analysis
● different levels of use of cell salvage equipment

that affect the average costs of cell salvage.

Technique and timing of cell salvage 
Washed cell salvage versus unwashed cell salvage
Unwashed cell salvage is unlikely to be
appropriate or acceptable for intraoperative cell

Health Technology Assessment 2006; Vol. 10: No. 44

75

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

TABLE 38 Incremental cost-effectiveness: all cell salvage versus autologous transfusion strategies, all surgical procedures, 1-month
timeframe

Net cost (£) Net QALY Cost/QALY gained (£) 
(2.5th; 97.5th percentile) (2.5th; 97.5th percentile) (mean values only)

PAD –148 (–471; 86) –0.00120 (–0.00456; 0.00062) 123,333a

PAD + EPO –336 (–610; –128) 0.00078 (–0.00083; 0.00282) CS dominates
ANH 112 (–165; 287) 0.00050 (–0.00106; 0.00249) 224,000b

a Incremental cost per QALY gained by PAD compared with cell salvage.
b Incremental cost per QALY gained by cell salvage compared with ANH.

TABLE 39 Net benefits of all cell salvage (£)a compared with
alternative methods of transfusion: all surgical procedures, 
1-month timeframe

PAD PAD + EPO ANH

Mean 112 359 –97
2.5th percentile –167 138 –282
97.5th percentile 457 633 184

a Net benefit equals net cost minus the willingness-to-pay
value for a net gain in QALYs.



salvage in the UK. The quality of unwashed
salvaged blood is highly variable and could
contain a number of potentially dangerous
contaminants that would not be removed on
filtration. For example, excessive haemolysis could
result in high levels of free Hb and cell stroma,
which on infusion may cause problems with renal
function. If excessive amounts of the citrate
anticoagulant are reinfused, the patient may
become dangerously hypocalcaemic. Coagulation
disorders may result from infusion of coagulation
factors such as fibrinogen, antithrombin III and
fibrinogen degradation products. Microemboli
(fat, foreign bodies or cell membranes) can cause
pulmonary problems. Current transfusion
guidelines refer explicitly to the use of washed
rather than unwashed cell salvage.82 However, the
trials included in the systematic reviews of cell
salvage did include comparisons of washed versus
unwashed cell salvage, so an economic comparison
is presented here for completeness. This compares
washed with unwashed cell salvage using pooled
data for intra- and postoperative timings of the
procedure. The expected costs and QALYs for
unwashed and washed cell salvage are given in
Tables 34 and 35. Comparison of the incremental
costs and outcomes suggests that unwashed cell
salvage is more cost effective than washed cell
salvage. Figure 13 indicates that the proportion of
simulations when the unwashed cell salvage
transfusion strategy was more cost-effective than
washed cell salvage ranged from 70% if a decision-
maker is willing to pay £30,000 to gain one QALY

to 80% if a decision-maker is prepared to pay
nothing to gain one QALY. This suggests that
unwashed cell salvage is likely to be more cost-
effective than washed cell salvage. 

Intraoperative cell salvage versus postoperative
cell salvage
Some of the trials of cell salvage used unwashed
cell salvage systems both intra- and
postoperatively, and some used washed cell
salvage systems both intra- and postoperatively. 
As noted above, it is unlikely that intraoperative
unwashed cell salvage would currently be
acceptable in the UK. Devices currently available
for intraoperative cell salvage all have a washing
function, with unwashed systems being reserved
exclusively for postoperative salvage where blood
is lost into wound drains. New machines have also
been developed to enable both intra- and
postoperative blood loss to be collected
continuously, providing washed cell salvage for the
majority of the blood loss experienced. Two
separate analyses were used to compare the effect
of timing on the cost-effectiveness of cell salvage.
The first compared intraoperative versus
postoperative cell salvage using the data from the
primary analysis for all cell salvage. The second
analysis compared the costs and effects of
intraoperative cell salvage, using the costs of
washed cell salvage equipment, maintenance and
consumables, with the costs and effects of
postoperative cell salvage, using the costs of
unwashed cell salvage disposable equipment. All
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FIGURE 12 Incremental CEACs for autologous blood transfusion strategies compared with cell salvage, all surgical procedures, 
1-month timeframe



of the trials used to estimate data for the
intraoperative comparison used washed cell
salvage. Of the 18 trials used to estimate data for
postoperative cell salvage, four used washed cell
salvage. Data from these four studies were
excluded from the second comparison, so that this
only included data relevant to unwashed
postoperative cell salvage.

The expected costs and QALYs for intra- and
postoperative cell salvage are described in 
Tables 34 and 35. This suggests that intraoperative

cell salvage is associated with higher expected
costs and lower expected QALYs than
postoperative cell salvage. Figure 14 indicates that
the proportion of simulations when postoperative
cell salvage was more cost-effective than
intraoperative cell salvage was around 50%, across
the range of willingness-to-pay values used for the
analysis. This suggests that there are no
substantive differences in the expected costs and
benefits of intra- and postoperative cell salvage.
However, this analysis uses pooled data for washed
and unwashed cell salvage. The analysis below
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FIGURE 13 Incremental CEAC for washed cell salvage compared with unwashed cell salvage, all surgical procedures, 1-month
timeframe
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compares washed intraoperative cell salvage with
unwashed postoperative cell salvage.

Table 40 shows the incremental costs, QALYs and
cost-effectiveness ratio for washed intraoperative
cell salvage compared with unwashed
postoperative cell salvage. These results suggest
that washed intraoperative cell salvage is
associated with higher expected costs and higher
QALYs than unwashed postoperative cell salvage.

Figure 15 indicates that there is a lower probability
that washed intraoperative cell salvage was cost-
effective when compared with unwashed
postoperative cell salvage, across the range of
willingness to pay values used for the analysis.
However, there may be differences in the rates of
adverse events associated with unwashed and
washed cell salvage that are not accounted for in
this analysis. If unwashed cell salvage is associated
with a higher rate of adverse events than washed
cell salvage, this could increase the relative cost-
effectiveness of washed intraoperative cell salvage.

Importantly, in practice the timing of cell salvage,
that is intraoperative or postoperative, relates to
the expected dynamics of blood loss for a given
procedure. For example, in abdominal aortic
aneurysm repair the majority of the blood loss
would be expected to occur during surgery,
whereas in total knee replacement under
tourniquet, surgical bleeding is only initiated at
the end of the procedure when the tourniquet is
released. Similarly, there are also surgical
procedures in which blood loss occurs both during
and after the operation. The relative cost-
effectiveness of cell salvage according to timing
and category of surgical procedure is considered
in more detail below.

Type of surgical procedure
Cardiac procedures
This analysis assesses the benefits of cell salvage in
cardiac surgery and includes a comparison of all
cell salvage in cardiac procedures and a
comparison of cell salvage in cardiac procedures
according to the timing of cell salvage. 

Results of the economic model
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TABLE 40 Incremental cost-effectiveness: washed intraoperative cell salvage versus unwashed postoperative cell salvage, all surgical
procedures, 1-month timeframe

Mean cost (£) Mean QALY 
(2.5th; 97.5th percentile) (2.5th; 97.5th percentile) 

Washed intraoperative cell salvage 4953 (4391; 5467) 0.0679 (0.0585; 0.0768)

Net cost of washed intraoperative Net QALY of washed intraoperative Cost/QALY gained (£) 
cell salvage (£) cell salvage (mean values only)
(2.5th; 97.5th percentile) (2.5th; 97.5th percentile) 

85 (–55; 218) –0.00020 (–0.00172; 0.00246) 425,000
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FIGURE 15 Incremental CEAC for postoperative cell salvage compared with intraoperative cell salvage, all surgical procedures, 
1-month timeframe



Table 41 and Figure 16 show the incremental
expected costs and QALYs and cost-effectiveness
acceptability of cell salvage overall compared with
each of the alternative transfusion strategies for
cardiac procedures. As for the all procedures analysis
above, there is a high probability that cell salvage is
cost-effective compared with the allogeneic blood
transfusion strategy, PAD, PAD plus EPO, FSs, AFs
and EPO. There is a low probability that cell
salvage is cost-effective when compared with ANH. 

Figure 16 indicates that the proportion of
simulations when allogeneic blood, PAD and PAD
plus EPO are more cost-effective than cell salvage
is less than 50% across the range of willingness-to-
pay values used. Figure 16 also indicates that the
proportion of simulations when ANH was more
cost-effective than cell salvage was around 80%.
FSs, AFs and EPO were more likely to be cost-
effective if the willingness to pay value to gain a
QALY was less than £15,000.
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TABLE 41 Incremental cost-effectiveness: cell salvage versus alternative transfusion strategies, cardiac procedures, 1-month
timeframe

Mean cost of cell salvage (£) Mean QALY of cell salvage 
(2.5th; 97.5th percentile) (2.5th; 97.5th percentile) 

CS 4899 (4345; 5430) 0.0686 (0.0587; 0.0773)

Net cost of cell salvage (£) Net QALY of cell salvage Cost/QALY gained (£) 
(2.5th; 97.5th percentile) (2.5th; 97.5th percentile) (mean values only)

Allogeneic blood –48 (–357; 258) 0.00523 (–0.00118; 0.01565) All CS dominates AB
PAD –156 (–478; 114) –0.00166 (–0.00603; 0.00044) 93,976a

PAD + EPO –332 (–637; 84) –0.00033 (–0.00204; 0.00108) 100,6061b

ANH 95 (–169; 290) –0.00035 (–0.00193; 0.00148) ANH dominates CS
AFs 4 (–356; 354) 0.00523 (–0.00118; 0.01565) 765c

FSs 44 (–300; 397) 0.00523 (–0.00118; 0.01565) 8,413c

EPO 35 (–309; 398) 0.00523 (–0.00118; 0.01565) 6,692c

a Incremental cost per QALY gained by PAD compared with all cell salvage, cardiac procedures.
b Incremental cost per QALY gained by PAD plus EPO compared with all cell salvage, cardiac procedures.
c Incremental cost per QALY gained by cell salvage, cardiac procedures.
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FIGURE 16 Incremental CEACs for alternative transfusion strategies compared with cell salvage, cardiac procedures, 1-month
timeframe



As noted above, the relative cost-effectiveness of
cell salvage may vary by the timing and technique
used. Figure 17 illustrates the CEACs for
intraoperative cell salvage. These indicate that in
cardiac procedures, there is a high probability that
intraoperative cell salvage is cost-effective
compared with all of the alternative transfusion
strategies except ANH. 

In contrast, there is a low probability that
postoperative cell salvage is cost-effective

compared with the alternative transfusion
strategies, when used for cardiac procedures
(Figure 18). Postoperative cell salvage is associated
with higher costs and lower QALYs compared with
ANH, FS, AFs and EPO.

Orthopaedic procedures
This analysis assesses the benefits of cell salvage in
orthopaedic surgery and includes (i) a comparison
of all cell salvage in orthopaedic procedures and
(ii) a comparison of cell salvage in orthopaedic
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FIGURE 17 Incremental CEACs for alternative transfusion strategies compared with intraoperative cell salvage, cardiac procedures, 
1-month timeframe
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procedures according to the timing of cell salvage.
Table 42 and Figure 19 show the incremental
expected costs and QALYs and CEACs for cell
salvage compared with the alternative transfusion
strategies for orthopaedic procedures. As for the
all-procedures analysis above, there is a high
probability that cell salvage is cost-effective when
compared with the allogeneic blood transfusion
strategy, PAD, PAD plus EPO, FSs, AFs and EPO.
In contrast to the primary analysis, for
orthopaedic procedures there is a high probability
that cell salvage is cost-effective when compared
with ANH. The CEACs in Figure 19 indicate that
the proportion of simulations when these
transfusion strategies are more cost-effective than
cell salvage is less than 50% across the range of
willingness-to-pay values used. 

Figure 20 shows the CEACs for intraoperative cell
salvage for orthopaedic procedures, compared
with the alternative transfusion strategies. There is
a high probability that intraoperative cell salvage
is cost-effective compared with all of the
alternative transfusion strategies, except ANH. In
contrast, there is a high probability that
postoperative cell salvage for orthopaedic
procedures is cost-effective compared with all of
the alternative transfusion strategies, including
ANH. Figure 21 shows the CEACs for postoperative
cell salvage compared with the alternative
transfusion strategies for orthopaedic procedures. 

Use of restrictive transfusion protocols
The use of a transfusion protocol reduced the
probability of allogeneic blood transfusion from
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TABLE 42 Incremental cost-effectiveness: cell salvage versus alternative transfusion strategies, orthopaedic procedures, 1-month
timeframe

Mean cost of cell salvage (£) Mean QALY of cell salvage 
(2.5th; 97.5th percentile) (2.5th; 97.5th percentile) 

CS 4842 (4315; 5395) 0.0704 (0.0626; 0.0783)

Net cost of cell salvage (£) Net QALY of cell salvage Cost/QALY gained (£) 
(2.5th; 97.5th percentile) (2.5th; 97.5th percentile) (mean values only)

Allogeneic blood –157 (–523; 278) 0.00728 (–0.00192; 0.01757) All CS dominates AB
PAD –262 (–556; 15) –0.00014 (–0.00197; 0.00198) 1,871,429a

PAD + EPO –458 (–745; 143) 0.00192 (–0.00109; 0.00624) All CS dominates PAD + EPO
ANH –22 (–260; 213) 0.00159 (–0.00135; 0.00582) All CS dominates ANH
AFs –131 (–526; 333) 0.00728 (–0.00192; 0.01757) All CS dominates AF
FSs –89 (–479; 385) 0.00728 (–0.00192; 0.01757) All CS dominates FSs
EPO –121 (–503; 348) 0.00728 (–0.00192; 0.01757) All CS dominates EPO

a Incremental cost per QALY gained by PAD compared with all cell salvage, orthopaedic procedures.
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0.66 to 0.61. Table 43 and Figure 22 show the
incremental expected costs and QALYs and
CEACs for cell salvage compared with the
alternative transfusion strategies for all
procedures, when data on the probability of
allogeneic blood transfusion from trials using
transfusion protocols are used. As with the
primary analysis, there is a high probability that
cell salvage is cost-effective compared with the
allogeneic blood transfusion strategy, PAD, PAD
plus EPO, FSs, AFs and EPO. In contrast, there is
a low probability that cell salvage is cost-effective
compared with ANH. Figure 22 indicates that the
proportion of simulations when these transfusion
strategies are more cost-effective than cell salvage
is less than 50% across the range of willingness to

pay values used. Figure 22 indicates that the
proportion of simulations when ANH is more cost-
effective than cell salvage is around 80%. 

Timeframe of analysis
The timeframe of the analysis was varied between
1, 10 and 30 years to assess whether the longer
term costs and morbidity of transfusion-related
complications and transfusion-transmitted
infection affected the relative cost-effectiveness of
cell salvage. Extending the time horizon to 1 year
does not affect the relative expected costs and
QALYs of cell salvage or the expected net benefits
of cell salvage. Figure 23 summarises the results for
the 1-year timeframe. As with the primary
analysis, there is a high probability that cell
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salvage is cost-effective compared with the
allogeneic blood transfusion strategy, PAD, PAD
plus EPO, FSs, AFs and EPO. There is a low
probability that cell salvage is cost-effective
compared with ANH. 

Extending the analysis to 10 and 30 years gives
similar results to the primary analysis, in that
there is a high probability that cell salvage is cost-
effective compared with the allogeneic blood
transfusion strategy, PAD plus EPO, FSs, AFs and
EPO. There is a lower probability that cell salvage
is cost-effective compared with ANH. However, the

longer time horizons indicate that PAD may be
more cost-effective when compared with cell
salvage. In addition, for the longer time horizons,
the probability that ANH is more cost-effective
than cell salvage decreases from over 90% to
around 55%. Figures 24 and 25 summarise the
results for the 10- and 30-year time horizons,
respectively. 

Threshold analysis was used to estimate the
minimum time horizon required for cell salvage to
be less cost-effective than the alternative
transfusion techniques (Figure 26). The probability
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TABLE 43 Incremental cost-effectiveness: cell salvage versus alternative transfusion strategies, all surgical procedures, transfusion
protocol, 1-month timeframe

Mean cost (£) Mean QALY 
(2.5th; 97.5th percentile) (2.5th; 97.5th percentile) 

CS 4896 (4390; 5385) 0.0686 (0.0602; 0.0767)

Net cost (£) Net QALY Cost/QALY gained (£) 
(2.5th; 97.5th percentile) (2.5th; 97.5th percentile) (mean values only)

Allogeneic blood –90 (–370; 213) 0.00531 (–0.00132; 0.01469) All CS dominates AB
PAD –159 (–452; 84) –0.00127 (–0.00462; 0.00056) 125,197a

PAD + EPO –351 (611; 131) 0.00083 (–0.00078; 0.00291) All CS dominates PAD plus
EPO
ANH 92 (–150; 274) 0.00055 (–0.00108; 0.00272) 167,273b

AFs –39 (–354; 292) 0.00531 (–0.00132; 0.01469) All CS dominates AF
FSs –7 (–308; 331) 0.00531 (–0.00132; 0.01469) All CS dominates FS
EPO –32 (–320; 313) 0.00531 (–0.00132; 0.01469) All CS dominates EPO

a Incremental cost per QALY gained by PAD compared with all cell salvage, all procedures.
b Incremental cost per QALY gained by cell salvage compared with ANH, all procedures.
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FIGURE 22 Incremental CEACs for alternative transfusion strategies compared with cell salvage, all surgical procedures, transfusion
protocol, 1-month timeframe



that PAD was cost-effective reached 50% over a 
5-year time horizon if decision-makers are willing
to pay £30,000 to gain one QALY. This means that
for a patient with a predicted life expectancy of
5 years, the costs and QALYs associated with PAD
and cell salvage are likely to be similar. If a patient
has a predicted life expectancy of greater than
5 years, PAD may be more cost-effective than cell
salvage. No threshold values were found for any of
the other transfusion alternatives. Within the
context of this analysis, this suggests that the time
horizon does not affect the relative cost-

effectiveness of cell salvage compared with
allogeneic blood only, PAD plus EPO, ANH, FSs,
AFs and EPO.

Costs of cell salvage
The costs of cell salvage depend on the level of
activity assumed to estimate the cost per case from
the annual costs of equipment and maintenance.
The primary analysis used an estimate of the
equipment being used for 100 cases per year. This
was varied between 50 and 150 cases per year.
Table 44 and Figure 27 show the incremental
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timeframe



expected costs and QALYs and cost-effectiveness
acceptability of cell salvage compared with the
alternative transfusion strategies for all
procedures, when a cell salvage machine is used
for 50 operations per year. As with the primary
analysis, cell salvage is likely to more cost-effective
than the allogeneic blood transfusion strategy,
PAD and PAD plus EPO. Cell salvage is less likely
to be cost-effective than ANH, FSs, AFs and EPO.
Figure 27 indicates that the proportion of
simulations when allogeneic blood, PAD and PAD
plus EPO are more cost-effective than cell salvage

is less than 50% across the range of willingness to
pay values used. Figure 27 also indicates that the
proportion of simulations when ANH was more
cost-effective than cell salvage was around 80%
and that cell salvage was only cost-effective
compared with FSs, AFs and EPO if a decision-
maker is prepared to pay more than £10,000 to
gain one QALY. If more patients are treated per
year with one cell saver machine than estimated in
the primary analysis (150 per year rather than 100
per year), the costs per person of cell salvage
would decrease. This increases the probability that
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FIGURE 25 Incremental CEACs for alternative transfusion strategies compared with cell salvage, all surgical procedures, 30-year
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cell salvage is cost-effective, as shown in Figure 28.
However, cell salvage is still less cost-effective 
than ANH.

Impact of cell salvage on the NHS
BTA
There were insufficient data available from
national statistics, published literature or SMUHT
databases to estimate the actual proportion of
elective operations in which allogeneic blood
transfusion and the other transfusion strategies

are used in England. Therefore, this analysis of
the impact of replacing allogeneic blood
transfusion with cell salvage on the National Blood
Service is exploratory. The analysis is based on
estimation of changes in the requirements for
allogeneic blood under different assumptions
about the use of cell salvage and the number of
operations where cell salvage could reduce
allogeneic blood transfusion. 

Table 45 presents the expected volume of blood
transfused per operation (i.e. averaged over those
operations with and without transfusion),
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TABLE 44 Incremental cost-effectiveness: cell salvage versus alternative transfusion strategies, all surgical procedures, higher cost of
cell salvage, 1-month timeframe

Mean cost of cell salvage (£) Mean QALY of cell salvage 
(2.5th; 97.5th percentile) (2.5th; 97.5th percentile) 

CS 4972 (4422; 5472) 0.0680 (0.0587; 0.0768)

Net cost of cell salvage (£) Net QALY of cell salvage Cost/QALY gained (£) 
(2.5th; 97.5th percentile) (2.5th; 97.5th percentile) (mean values only)

Allogeneic blood –30 (–326; 254) 0.00487 (–0.00118; 0.01511) All CS dominates AB
PAD 103 (–416; 88) –0.00117 (–0.00443; 0.00064) 88,034a

PAD + EPO –290 (–565; 75) 0.00076 (–0.00083; 0.00278) All CS dominates PAD + EPO
ANH 157 (–120; 339) 0.00049 (–0.00107; 0.00256) 320,408b

AFs 18 (–318; 324) 0.00487 (–0.00118; 0.01511) 4,423b

FSs 49 (–266; 369) 0.00487 (–0.00118; 0.01511) 12,039b

EPO 18 (–283; 354) 0.00487 (–0.00118; 0.01511) 4,423b

a Incremental cost per QALY gained by PAD compared with all cell salvage, all procedures.
b Incremental cost per QALY gained by cell salvage, all procedures.
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estimated by the economic model, using the data
on the likelihood of allogeneic blood transfusion
and units of blood transfused for each of the
transfusion strategies. Table 46 summarises the
number of operations per year, for the year
2003–4, from the Hospital Episode Statistics for
England.71

Table 47 provides estimates of the total allogeneic
blood transfusion requirements with the allogeneic
blood transfusion strategy, under different
assumptions about the proportion of elective
operations where blood transfusion is likely to be
required. These are based on current estimates of
actual allogeneic blood use in the UK, and so
reflect the current use of alternative strategies to
minimise the use of allogeneic blood in elective
surgery. In 2003–4, the National Blood Service
issued a total of 2,142,353 units of red cells.83 A
recent observational study estimated that 41% of
all blood transfused is accounted for by surgery,
which equals 878,365 units transfused as a
consequence of surgery.3 In 2004, elective surgery
comprised 90% of all surgery. This suggests that
the total volume of red cells transfused as a
consequence of elective surgery was in the region
of 793,463 units (878,365 × 90%). Table 45
indicates that the average allogeneic transfusion
requires two units of red cells per operation.
Multiplying the number of operations by the
average volume of allogeneic blood per operation
gives an estimate of the total volume of allogeneic
blood transfused for elective surgery. These
estimates are shown in Table 47. This indicates that
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TABLE 45 Expected volume of blood transfused per operation:
all procedures

Mean volume (units) 
per operation 
(2.5th; 97.5th percentile) 

Allogeneic blood 2.03 (0.27; 3.47)
All CS 0.91 (0.00; 1.95)
PAD 0.34 (0.00; 1.09)
PAD + EPO 0.63 (0.00; 1.53)
ANH 0.55 (0.0; 1.41)
AFs 0.99 (0.00; 2.05)
FSs 1.20 (0.00; 2.40)
EPO 1.37 (0.00; 2.74)

TABLE 46 Number of elective operations per year

Elective procedure No. of procedures 
per year (2003–4)

All proceduresa 5,813,891
Cardiac/vascular proceduresb 36,636
Orthopaedic proceduresc 114,740

a All procedures = all non-emergency admissions for
surgery.71

b Cardiac procedures = all non-emergency procedures
on heart arteries and veins included in OPCS codes
K1–15, K18–34, K37–49, K52–55, L5–12, L16–25,
L29–30, L33–34, L37–38, L41–42, L45–46, L48–53,
L56–62 and L65–70.71

c Orthopaedic procedures = all non-emergency joint
replacement procedures and amputation of the leg,
OPCS codes W37–58, X9.71



a maximum of 6–7% of elective surgical
procedures account for the estimated volume of
allogeneic blood transfused as a consequence of
surgery. Table 47 also shows the maximum
reduction in allogeneic blood requirements if cell
salvage were to be used for 100% of the
operations.

Table 48 presents the estimated reduction in units
of allogeneic blood required at different rates of
use of cell salvage. These results indicate that cell
salvage could reduce the annual allogeneic blood
requirement for elective surgery by 6541 units if
cell salvage is used in 10% of 58,139 operations.
This would increase to 26,150 units of allogeneic
blood saved if cell salvage is used in 10% of
232,556 operations per year and 45,800 units of
allogeneic blood saved if cell salvage is used in
10% of 348,833 operations per year. If cell salvage
were to be used in 50% of operations per year, the
reduction in allogeneic blood requirements would
be between 32,700 units for 58,139 operations and
228,900 units for 348,833 operations. 

If the supply of blood is reduced by 10% of
current supplies (owing to increased stringency of
tests and criteria about who is eligible to donate

blood to reduce the risks of transfusion-
transmitted infection in general and vCJD in
general), then demand for blood would need to
reduce by at least 214,235 units per annum.
Increasing the use of cell salvage to 50% of all
operations could meet this reduction, if the
technique could be used to reduce allogeneic
blood requirements by one unit per operation, in
348,833 operations. If cell salvage is used for a
lower proportion of operations, or is effective in
reducing allogeneic blood requirement in fewer
operations, then other measures would be
required for the NHS BTA to meet demand for
allogeneic blood in the future. 

The cost savings to the NHS BTA shown in Table 49
assume that demand for allogeneic blood and the
price of allogeneic blood are stable. However,
there was a fall in demand of allogeneic blood in
2002–3 and the NHS BTA projected a further
reduction in demand in 2003–4. If the demand for
allogeneic blood falls, as a consequence of either
increased use of cell salvage or the more general
implementation of the Better Blood Transfusion
initiative, then the average cost of fixed overheads
per unit of blood will increase.5,22 This was
identified by the NHS BTA as one of the main
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TABLE 47 Expected allogeneic blood requirements, allogeneic blood transfusion strategy

All elective surgical procedures Estimated volume of allogeneic blood Reduction in volume 
transfused (units) of allogeneic blood 

transfused with cell 
Proportion of procedures No. of Allogeneic transfusion Cell salvage salvage (units)
with transfusion (%) operations strategy

1 58,139 118,196 52,790 –65,406
2 116,278 236,393 105,580 –130,813
3 174,417 354,589 158,370 –196,219
4 232,556 472,786 211,161 –261,625
5 290,695 590,982 263,951 –327,031
6 348,833 709,178 316,741 –392,438
7 406,972 827,375 369,531 –457,844

TABLE 48 Expected reductions in allogeneic blood requirements when cell salvage is used

Proportion of procedures Reduction in volume of allogeneic blood transfused with cell salvage (units)
with cell salvage (%)

58,139 operations 232,556 operations 348,833 operations

10 –6541 –26163 –45784
20 –13081 –52325 –91569
30 –19622 –78488 –137353
40 –26163 –104650 –183138
50 –32703 –130813 –228922
60 –39244 –156975 –274706
70 –45784 –183138 –320491



reasons for recent increases in the price per unit
of allogeneic blood. However, other reasons for
increases in the price of allogeneic blood may be
more important. These include general cost
pressures, increased safety measures, developments
to secure the donor base and improvements in the
infrastructure of the NHS BTA.

As indicated by the primary analysis of the
expected costs and outcomes of cell salvage above,
cell salvage is associated with lower expected costs
and QALYs from elective surgery than the
allogeneic blood transfusion strategy. Table 50
shows the total expected annual savings and QALY
gains from implementing cell salvage at different
levels of surgical activity and rates of use of cell
salvage.

Table 50 indicates that implementing cell salvage
in 10% of elective operations could save £0.44
million per year, with an associated gain of 28
QALYs per year, if cell salvage can be used in 10%
of 58,000 operations. This saving could increase to
£3 million per year with a gain of 194 QALYs if

cell salvage was used in 70% of 58,000 elective
operations. 

The extent of the savings and gain in QALYs will
also depend on the type of surgical procedure,
timing and technique of cell salvage. The figures
shown in Table 50 are for cell salvage overall. If
washed intraoperative cell salvage was used for
10% of 37,000 cardiac operations (Table 46), the
expected savings and gain in QALYs would be
£0.33 million and 22 QALYs per year, respectively.
If washed intraoperative cell salvage was used for
70% of 37,000 cardiac operations (Table 46), the
expected savings and gain in QALYs would be
£2.33 million and 156 QALYs per year, respectively.
If unwashed postoperative cell salvage was used
for 10% of 115,000 orthopaedic operations (Table
46), the expected savings and gain in QALYs
would be £1.82 million and 84 QALYs per year,
respectively. If unwashed postoperative cell salvage
was used for 70% of 115,000 orthopaedic
operations (Table 46), the expected savings and
gain in QALYs would be £12.72 million and 588
QALYs per year respectively. 
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TABLE 49 Expected cost savings to the NHS BTA when cell salvage is used

Proportion of procedures Cost savings due to reduction in volume of allogeneic blood transfused with 
with cell salvage (%) cell salvage (£ million)

58,139 operations 232,556 operations 348,833 operations

10 0.73 2.91 –5.09 
20 1.45 5.82 –10.18 
30 2.18 8.73 –15.27 
40 2.91 11.63 –20.36 
50 3.64 14.54 –25.45 
60 4.36 17.45 –30.54 
70 5.09 20.36 –35.63

TABLE 50 Expected annual savings and QALYs when cell salvage is used

Proportion of procedures Cost savings due to reduction in volume of allogeneic blood transfused with 
with cell salvage (%) cell salvage

58,139 operations 232,556 operations 348,833 operations

Saving QALY Saving QALY Saving QALY 
(£ million) gain (£ million) gain (£ million) gain

10 0.44 28 1.77 111 2.65 166
20 0.88 55 3.53 222 5.30 333
30 1.33 83 5.30 333 7.95 499
40 1.77 111 7.07 444 10.60 666
50 2.21 139 8.84 555 13.26 832
60 2.65 166 10.61 666 15.91 998
70 3.09 194 12.38 777 18.56 1165



Overall, adoption of cell salvage could reduce the
demand for allogeneic blood for elective surgery.
The extent of savings in allogeneic blood could be
as high as 10% of the total volume of blood issued
in 2003. However, this would require 6% of
operations per year to require blood transfusion,
and that cell salvage is used in 50% of elective
operations where a blood transfusion is required.
A recent survey distributed to hospital
haemotologists in charge of blood transfusion
found an increase in the availability of cell
salvage.26 Overall, 95% of NHS Trusts and 37% of
private hospitals responded to the survey. The
responses indicated that intraoperative cell salvage
was used in 61% of NHS hospitals and
postoperative cell salvage was used in 56% of NHS
hospitals. This represents an increase from a
previous survey in 2001, when 41% of respondents
reported that perioperative cell salvage was
available.26 However, the extent to which cell
salvage was used ranged from 14% of NHS
hospitals transfusing less than 20 units of
intraoperative cell salvage products per year to
16% transfusing more than 200 units per year.
Approximately one-third of respondents did not
know how many units of blood were transfused
using cell salvage.26

Adopting cell salvage more widely within NHS
hospitals may have significant organisational and
management implications. Hospital Trusts will
have to decide who will operate cell salvage
devices and if it is possible to accommodate these
activities within their existing establishment.
Currently throughout the UK, cell salvage
machines are operated by a range of healthcare
staff, e.g. nurses, perfusionists and anaesthetists,
each centre having devised a solution that meets
their individual circumstances. Regardless of who
operates the equipment, all staff need to be

satisfactorily trained and their competency
assessed. Until recently, users were largely reliant
on machine manufacturers to provide specialised
training with competencies determined locally.
The advent of national occupational standards, via
the Skills for Health organisation, has improved
this situation. 

The expectation that hospitals will automatically
adopt new approaches to blood transfusion and
change longstanding practices is probably naïve.
Without a coordinated approach, led by the
Department of Health and NHS BTA, providing
specialist resources and training, uptake is likely to
be variable. There still exist some areas of
controversy surrounding the use of cell salvage
techniques in particular clinical situations.
Existing guidelines14 are outdated and do not
reflect current practice. For example, cell salvage
in malignancy is contraindicated. There are,
however, several centres throughout the UK using
cell salvage routinely in radical prostatectomy for
malignancy. Some sites use leucodepletion filters
to mitigate the risk of reinfusing malignant cells
systemically, others do not. Without adequate
guidance and a solid evidence base informing a
consensus of expert opinion, inconsistency in
practice is likely to continue. The National Blood
Conservation Strategy, produced by the National
Blood Transfusion Committee and NHS BTA in
2004,24 suggested the following measures to
promote the introduction of cell salvage:
appropriate use of cell salvage as an achievable
target for trusts; a website-based ‘tool kit’; review
of budget allocation; training initiatives; and
template protocols. As yet, these recommendations
have been slow to be implemented. Without the
necessary support, it is probable that the impact of
cell salvage and appropriate transfusion
alternatives will continue to be muted.
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The overall aims of this study were to use
secondary research methods to compare

patient outcomes, resource use and costs to the
NHS and National Blood Service associated with
cell salvage, allogeneic blood transfusion and
alternative methods of minimising perioperative
allogeneic blood transfusion. 

Summary of the clinical evidence
The systematic review updates and review of
existing systematic reviews (Chapter 3) found that
all but two of the transfusion strategies to
minimise exposure to allogeneic blood transfusion
significantly reduced exposure to allogeneic blood.
The RR of exposure to allogeneic blood in these
studies ranged from 0.36 (95% CI 0.25 to 0.51) for
PAD to 0.70 (95% CI 0.64 to 0.76) for aprotinin.
The RR of allogeneic blood transfusion with
EACA was 0.48 (95% CI 0.19 to 1.19). The wide
CI, crossing one, means that the reduction in
exposure to allogeneic blood was not statistically
significant. The use of restrictive transfusion
thresholds appeared to reduce the use of blood
transfusions. However, this included both
allogeneic and autologous blood transfusion. The
risk of receiving any blood transfusion (allogeneic
and/or autologous) was increased in those
randomised to PAD compared with control; the
RR of exposure to allogeneic or autologous blood
was 1.33 (95% CI 1.10 to 1.61). 

The RR of exposure to allogeneic blood was 0.59
for the pooled trials of cell salvage (95% CI 0.48 to
0.73). Analysis of subsets of the data were
conducted to explore whether there were potential
differences in the RR of exposure to allogeneic
blood by type and timing of cell salvage and by
type of surgical procedure. This follows the
approach taken in previous systematic reviews of
cell salvage. However, the use of subsets of the
data, with relatively few studies to combine and
small sample sizes, means that these analyses can
be exploratory only. If the subgroup analyses
suggest that the results for these groups may differ
from the pooled analysis, this may be indicative of
areas for further research. If the subgroup analyses
find similar conclusions to the pooled analysis, this
indicates that the conclusions from the pooled

analysis are likely to be robust to differences
between the subgroups. The RR of allogeneic
blood transfusion for washed cell salvage was 0.54
(95% CI 0.43 to 0.68) compared with 0.71 (95% 
CI 0.60 to 0.84) for those trials that used unwashed
cell salvage. The pooled RR of exposure to
allogeneic blood transfusion was 0.53 (95% CI 0.35
to 0.80) for those trials that used intraoperative cell
salvage, compared with 0.60 (95% CI 0.45 to 0.79)
for postoperative cell salvage. 

In addition, the RR of exposure to allogeneic
blood differed by the type of surgical procedure
used. For cell salvage, the RR of allogeneic blood
transfusion was higher in cardiac surgery than in
orthopaedic surgery. For PAD, PAD plus EPO and
ANH the converse was found, in that the lower
RRs of exposure to allogeneic blood were found in
cardiac rather than orthopaedic surgery. 

A number of comparisons by type of surgery, using
subsets of the data, did not statistically
significantly reduce exposure to allogeneic blood
transfusion compared with control. These were cell
salvage in vascular surgery, EPO and ANH in
cardiac surgery, ANH in orthopaedic surgery and
TXA without a transfusion protocol. The CIs
around ANH with the use of a transfusion protocol
reached the point of no effect.

Some of the transfusion strategies were not
specifically assessed in cardiac (EACA, FSs) or
orthopaedic surgery settings (aprotinin, TXA,
EACA). If a transfusion protocol was used, this
appeared to lessen the effectiveness of all the
comparators to reduce exposure to allogeneic
blood transfusion. 

The data from the systematic reviews were re-
analysed for use in the economic model 
(Chapter 6). The data from all the trials were
pooled to estimate the probability of blood
transfusion for the allogeneic blood transfusion
strategy. A measure of difference was estimated
(weighted risk difference, random effects model)
to determine the extent to which the alternative
methods of transfusion reduced exposure to
allogeneic blood. Only trials that compared one of
the transfusion strategy alternatives with allogeneic
blood alone were included. These data were used
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to compare the alternatives to cell salvage.
Overall, the probability of allogeneic blood
transfusion for the allogeneic transfusion strategy
was 0.66 (range 0–1). This probability was reduced
to 0.61 (range 0–1) if a subset of the data that
used transfusion protocols was used. The risk
difference between the alternative transfusion
strategies and the allogeneic transfusion strategy
was estimated at between –0.14 (95% CI –0.21 to
–0.08) for PAD plus EPO and –0.42 (95% CI –0.68
to –0.17) for PAD. The overall risk difference for
cell salvage was –0.26 (95% CI –0.36 to –0.16).
This varied between –0.14 (95% CI –0.23 to –0.05)
for cardiac surgery and –0.42 (95% CI –0.57 to
–0.28) for orthopaedic surgery. 

The weighted mean volume of blood transfused
per person having a blood transfusion for the
allogeneic transfusion strategy was 3.13 (95% 
CI 2.52 to 3.73). This ranged from 3.13 (95% CI
2.41 to 3.86) for cardiac surgery to 1.92 (95% CI
1.40 to 2.45) for orthopaedic surgery. The use of
FSs was associated with the least average
difference in the amount of allogeneic blood
transfused (WMD –0.56, 95% CI –0.84 to –0.29)
and ANH was associated with the greatest average
difference in the amount (WMD –1.9, 95% 
CI –2.7 to –1.1). The WMD in blood transfused
between cell salvage and the allogeneic blood
control group was –0.9 (95% CI –1.23 to –0.56)
overall, ranging from –0.64 (95% CI –1.45 to 0.17)
for intraoperative cell salvage to –0.93 (95% CI
–1.49 to –0.36) for washed cell salvage.

Overall, the transfusion strategies did not show a
statistically significant effect (in either direction)
on the RR of adverse events or mortality when
compared with allogeneic blood (Chapter 3). The
exceptions were aprotinin, which significantly
reduced the RR of reoperation for bleeding by
60% (95% CI 34 to 75%), and ANH, which
significantly reduced the RR of developing any
thrombosis by 56% (95% CI 7 to 79%). 

The probability of adverse events related to
transfusion only and the probability of transfusion-
transmitted infection, given infection, was
estimated for the economic model from a number
of sources (Chapter 6). The probability of adverse
events related to transfusion only occurring with
an allogeneic blood transfusion was very low,
ranging from 2 per million for graft versus host
disease to 244 per million for transfusion of an
incorrect blood component. The probability of
transfusion-transmitted infection was similarly low,
ranging from 0.1 per million for HIV to 37 per
million for bacterial infection due to contamination

of blood. In comparison, there were fewer types of
adverse events related to transfusion only
associated with autologous transfusion and the
only type of transfusion-transmitted infection was
bacterial infection due to contamination of the
autologous blood. PAD was associated with a
probability of 122 per million for transfusion of an
incorrect blood component. Cell salvage was
associated with a probability of 4 per million for
acute haemolytic transfusion reaction and with a
probability of 30 per million for fatal air
embolism. No data for other adverse events were
reported and there were no data for adverse
events occurring with ANH. 

One trial84 has been identified ad hoc since the
search strategies for this report were carried out.
The results of this trial concur with the evidence
relating to the efficacy of washed intraoperative
cell salvage used in adults undergoing elective
CABG. Patients were randomised to autotransfusion
(n = 98) receiving autotransfused washed blood
from intraoperative cell salvage and postoperative
mediastinal fluid cell salvage after CABG surgery
or control (n = 102) receiving stored homologous
blood only after CABG surgery. Patients in the
autotransfusion group were significantly less likely
to receive a homologous blood transfusion
compared with controls (OR 0.40, 95% CI 0.22 to
0.71) and received significantly fewer units of
blood per patient compared with controls (0.43 ±
1.5 versus 0.90 ± 2.0 U, p = 0.02). 

Summary of the economic
evidence
The published literature was systematically
searched to identify published economic
evaluations that assessed the cost-effectiveness of
any of the alternative transfusion strategies
included in this study (Chapter 4). Twelve papers
were identified that met the inclusion criteria and
were judged to be full economic evaluations.
Economic evaluations comparing ANH, AFs, FSs
or restrictive transfusion thresholds were not
identified in this search. In general, EPO does not
appear to be cost-effective, whereas cell salvage
may have the potential to reduce risks and cost in
the cardiac setting. Evidence regarding the cost-
effectiveness of PAD varied considerably and PAD
may be cost-effective when post-operative
complications such as infection are considered. 

Overall, the quality of the economic evaluations
was judged to be low according to the quality
assessment criteria used. Generally, the full details
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of the economic evaluations were not reported. In
particular, there were insufficient data available to
judge the validity and robustness of the economic
and clinical data used in the analyses, or the
relevance of the data and results to the UK setting.
The economic evaluations included transfusion-
transmitted infections as the primary adverse
event avoided, and differed in the type of
infections included in the analysis. Adverse events
due to either surgical or transfusion complications
and complications due to transfusion only were
generally not included. 

Cost studies were also reviewed to extract any
relevant resource use and unit cost data for the
economic model. However, as with the economic
evaluations, the quality and applicability of the
data (to the UK setting) from these studies were
limited. 

Summary of the results of the
economic model
A decision analytic model was developed to assess
the costs, effectiveness and net benefit of cell
salvage compared with allogeneic blood
transfusion only and with alternative transfusion
strategies relevant to UK practice. The primary
source of clinical data for the economic model was
the data included in the systematic review updates
and review of systematic reviews reported in
Chapter 3. This was supplemented by UK-specific
data on the occurrence of transfusion-related
complications, transfusion-transmitted infections
and the use of allogeneic and autologous
transfusions for elective surgery and in total.

Overall, small differences in health outcomes were
found between the alternative transfusion
strategies, due to the small differences in the
frequency of transfusion-related complications and
transfusion-transmitted infections. Driven by the
data from the systematic reviews (Chapter 3), there
were no differences in mortality and hence lives
gained by cell salvage compared with any of the
alternatives. There were small differences in lives
gained with no adverse events and QALYs.

For the 1-month timeframe, used in the primary
analysis, cell salvage was associated with lower
costs and slightly higher QALYs compared with all
the transfusion strategies except PAD and ANH.
Cell salvage was associated with lower costs and
QALYs compared with PAD and higher costs and
higher QALYs compared with ANH, FSs, AFs and
EPO. The range of expected costs, QALYs and net

benefits was broad, with the 2.5th–97.5th
percentiles of differences in expected costs and
outcomes crossing zero. This suggests that the
differences found between cell salvage and the
alternative transfusion strategies may not be
statistically significant.

CEACs and measures of net benefit provide a
means of assessing the robustness of differences in
expected costs and outcomes, when combined into
ICERs. These analyses allow for the fact that there
may be a relationship between resource use and
costs and outcomes, so that, for example, higher
resource use and therefore costs may be associated
with improved outcomes. Overall, the primary
analysis indicated that cell salvage was cost-
effective compared with all the other transfusion
strategies except ANH. The net benefit of cell
salvage was between £112 and £359 per person,
compared with the allogeneic blood transfusion
strategy, PAD, PAD plus EPO, FSs, AFs and EPO.
The associated likelihood that cell salvage is cost-
effective compared with these strategies is over
50%. In contrast, ANH may be more cost-effective
than cell salvage. ANH was associated with a net
benefit compared with cell salvage of £97, with a
probability of being cost-effective of around 80%. 

As with the clinical review, a number of secondary
analyses were used to explore subgroups of the
data and test assumptions used in the model.
However, the use of subsets of the data, with
relatively few studies to combine and small sample
sizes, means that these analyses can be exploratory
only. The secondary analyses indicated that there
were differences in the timing and technique of
cell salvage. The use of different timings and
techniques will depend on the surgical procedure
and associated timing and extent of expected
blood loss. In cardiac surgery, washed
intraoperative cell salvage was more likely to be
cost-effective than unwashed postoperative cell
salvage. The converse was true for orthopaedic
surgery, where unwashed postoperative cell salvage
was more likely to be cost-effective than washed
intraoperative cell salvage. These differences
reflect differences in the dynamics and timing of
blood loss. 

Most of the secondary analyses indicated similar
results to the primary analysis. The main
exceptions to this were the analyses that explored
the time horizon and lower rates of use of cell
salvage equipment. If the time horizon is
extended to 5 years, the costs and QALYs
estimated for PAD and cell salvage are similar. If
the time horizon is extended to 30 years, then the
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probability that PAD is cost-effective compared
with cell salvage increases to over 60%. The
probability that ANH is cost-effective compared
with cell salvage decreases over a 30-year time
horizon to around 55%. 

If the equipment for washed cell salvage is used
for only 50 operations per year rather than the
estimated 100, then cell salvage is less cost
effective than FSs, AFs and EPO unless decision-
makers are prepared to pay £10,000 or more to
gain an additional QALY.

Overall, cell salvage could result in net reductions
in the volume of allogeneic blood transfused of
between 6500 and 320,000 units per year,
depending on the number of operations per year
where cell salvage is feasible and appropriate and
the extent to which cell salvage is used. This
translates into annual savings to the NHS BTA of
£0.73 million to £36 million. Cell salvage is
associated with net savings and QALY gains to the
NHS overall. These range from £0.44 million per
year, with an associated gain of 28 QALYs, if cell
salvage can be used in 5800 operations. This
saving could increase to £3 million per year with a
gain of 194 QALYs if cell salvage was used in
41,000 elective operations. 

Strengths and weaknesses of the
methodologies used
Choice of comparators
The transfusion strategies used as comparators to
cell salvage and included in the systematic reviews
and economic model were chosen according to
whether they were used or were likely to be used
in routine practice in the UK, they were
independent of surgical procedure and there was
evidence about their effectiveness from a
systematic review. The intervention had to comply
with all of the above criteria to be included. These
criteria were used to minimise the chance of
including transfusion strategies that were not
relevant to practice in the UK. The third criterion
was applied to minimise the number of
assumptions and associated uncertainty about the
clinical evidence used in the economic model. 

A number of possible interventions or transfusion
strategies were identified but were not included in
the systematic reviews or economic model. These
included platelet-rich plasmapheresis, iron,
patient (body) warmers, new surgical equipment
(e.g. cut and coagulate at the same time), near-
patient testing (e.g. Hb and thromboelastography),

haemostatic agents (e.g. vitamin K and
recombinant factor VIIa), preoperative clinics to
prepare patients for surgery and combinations of
transfusion strategies such as cell salvage
combined with ANH. The main reason for
exclusion of these interventions was that no
systematic review of evidence to support them was
identified. Patient (body) warmers and near-
patient testing were identified as interventions
used for purposes other than minimising
allogeneic blood transfusion. Platelet-rich
plasmapheresis and vitamin K were excluded since
they are not appropriate for all kinds of elective
surgery with moderate to high blood loss.
Recombinant factor VIIa was excluded because it
was not fully licensed for use in routine practice in
UK. This means that this study does not provide
evidence about the relative effectiveness or cost-
effectiveness of cell salvage compared with the
excluded interventions. This limits the relevance
of the results to settings where cell salvage is a
possible replacement or addition to the
transfusion strategies evaluated in this study. 

Systematic review
The clinical evidence was primarily assessed using
systematic review methods. All the included
systematic reviews were of high quality, and the
updated systematic reviews of cell salvage and PAD
followed the criteria specified by the Cochrane
Library.39 Broad and comprehensive electronic
search strategies were used to update two existing
systematic reviews of cell salvage and PAD. A
focused search strategy was used to identify
systematic reviews of other transfusion strategies
in the Cochrane Library. Only if no reviews were
found in the Cochrane Library was an electronic
search conducted in other databases. This means
that some systematic reviews and data may have
been excluded from the analysis. However, it was
beyond the scope of this evaluation to undertake a
comprehensive search for systematic reviews of the
other transfusion strategies. 

Both the updates of the cell salvage and PAD
systematic reviews and the systematic reviews of
the other transfusion strategies were restricted to
studies using an RCT design. Often the setting,
treatment protocol and patients in clinical trials
are atypical of those in routine practice. This may
mean that the level of effectiveness found in a
clinical trial may not be replicated in routine
practice. However, well-designed clinical trials may
have greater internal validity than other study
designs. One of the systematic reviews included in
this review did separately analyse the results of
observational studies to assess the effectiveness of
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autologous blood transfusion strategies. Overall, a
comparison of the results from analysis of the
clinical trials did not differ substantively from the
results from analysis of the observational studies.29

This suggests that the data from the systematic
reviews have some level of external validity and
are relevant to routine practice. 

However, the quality of the individual trials
included in each of the systematic reviews varied
considerably. Overall, the researchers conducting
the reviews concluded that the methodological
quality of the trials was poor.13,21,29–33 Key
criticisms were that: many trials were unblinded;
inadequate methods of concealing treatment
allocation were used, which may result in observer-
induced bias; many of the trials had a small
sample size with the consequent possibility of
publication bias; trials used subjective outcome
measures, such as the need for allogeneic
transfusion, which may lead to reporting bias; and
there was significant heterogeneity between and
within trials. All of these factors tend to increase
the chance that the treatment effect of the
comparator treatment (in this case the transfusion
strategy used as an alternative to allogeneic blood
transfusion) is overestimated. This increases the
level of uncertainty about whether the alternative
transfusion strategies have a statistically significant
effect on the primary outcome measure: exposure
to allogeneic blood transfusion. Analyses of the
data within each of the systematic reviews, to test
for the effects of these factors, suggested that the
estimate of RR of exposure to allogeneic blood was
lower when these factors were controlled for. There
was also some limited evidence of publication bias,
in the form of missing small negative studies.

A further issue is that evidence is needed regarding
the actual clinical value of avoiding allogeneic
blood transfusion. This requires evidence about the
incidence of complications associated with
allogeneic blood transfusion strategies and
strategies to minimise allogeneic blood transfusion.
In particular, a range of transfusion-related
complications that are deemed serious hazards of
transfusion in the UK were not reported in the
trials or the systematic reviews. In addition, the
incidence of serious transfusion-transmitted
infections has declined over the last decade with
improvements in screening and treatment of
allogeneic blood. This reduces the clinical value of
exposure to allogeneic blood as a primary outcome
measure. There is a lack of evidence regarding the
long-term clinical benefit of avoiding allogeneic
blood transfusion and indeed receiving autologous
blood transfusion.13,21,29–33

Economic model
The economic model compared cell salvage with
allogeneic blood transfusion only, PAD with and
without EPO, ANH and allogeneic blood
transfusion with FSs, AFs or EPO to minimise
blood loss or the need for a transfusion. The use
of transfusion protocols was also explored in the
secondary analyses. 

The model was static in nature and based on a
short timeframe of 1 month for the primary
analysis, and the lifetime costs and outcomes
associated with transfusion were not included in
the model. The time horizon was extended up to
30 years in the secondary analyses. The static
structure of the model was based on the
assumption that the values of the variables
included would not change significantly over time.
There is no evidence to suggest that this is an
unreasonable assumption for the timeframes
considered in the primary and secondary 
analyses. 

The model included short-term changes in the
outcomes and costs associated with the adverse
events included in the model. However, the costs
and outcomes associated with adverse events that
are chronic in nature and have an impact on
lifetime use of healthcare and on outcomes are
likely to change over time. For example, the costs
and consequences of transfusion-transmitted
infections are likely to increase over time. These
are not incorporated in the model structure or
time horizon for the primary analysis. The
likelihood of transfusion-transmitted infections
and adverse events related to transfusion only
were very low (less than 0.1%). In addition, the
systematic reviews indicated that there were no
statistically significant differences in the rates of
other adverse events that could have been caused
by surgery or transfusion. The review of published
economic evaluations (which generally included
higher estimates of the incidence of transfusion-
transmitted infections than those included in this
model) indicated that transfusion-transmitted viral
infections such as hepatitis and HIV have a limited
impact on the relative long-term costs and benefits
of alternative transfusion strategies.60,61 This is
because the probabilities of transfusion-
transmitted viral infection in the study settings
used were extremely low. In addition, adverse
events with higher probabilities of occurrence and
short-term impacts, such as bacterial infection, are
more likely to affect the relative cost-effectiveness
of alternative transfusion strategies.60,61 These
factors suggest that the static structure and short
timeframes used for this model were unlikely to
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affect substantially the overall conclusions. In
addition, the static structure of the model and 
the timeframe of analysis are likely to bias the
results in favour of transfusion strategies
associated with higher rates of allogeneic blood
transfusion. This favours the allogeneic blood
transfusion strategy, ANH, FSs, AFs and EPO
rather than cell salvage. 

To test the potential impact of incorporating
longer time horizons, the secondary analyses
included use of 10- and 30-year timeframes.
These indicated that as in the primary analysis,
cell salvage was likely to be more cost-effective
than allogeneic blood only, PAD plus EPO and
allogeneic blood transfusion with FSs, AFs or
EPO. However, the longer time horizons
suggested that PAD may be more cost-effective
than cell salvage. This was due to the potential
impact of stroke, an adverse event that could be
due to either surgery or transfusion. Transfusion-
transmitted viral infections did not affect the
relative cost-effectiveness of cell salvage. The
systematic reviews of clinical evidence indicated
that although there were differences in the
number of strokes between allogeneic and
autologous transfusion techniques, these were not
statistically significant. Therefore, it is not clear
whether the differences observed in the rates of
this event were due to transfusion, surgery or the
underlying health of the patient. Problems and
uncertainty associated with the adverse event data
are discussed in more detail below. These factors
indicate that longer term studies are required to
evaluate the occurrence of adverse chronic events
and the long-term health and mortality of
transfusion patients. 

The structure of the model was developed from
the reviews of clinical and economic evidence
discussed above and discussion with experts in
transfusion in both the project team and the
expert panel. However, lack of data meant that
the range of events included in the model was
constrained to those for which data were available
on the rate or likelihood of occurrence from
either the systematic reviews of published
effectiveness literature or were reported in the
Serious Hazards of Transfusion Annual
reports.6,68,69 This meant that the analysis was
restricted to serious events associated with blood
transfusion. In addition, a number of potentially
serious events were excluded that may have an
impact on both resources and costs and overall
quality of life. These include some of the possible
transfusion-transmitted infections (syphilis, T.
cruzi, cytomegalovirus), which may bias the

analysis in favour of strategies that are associated
with higher rates of allogeneic blood transfusion.
The fact that these infections are not reported in
either the SHOT Annual Reports or systematic
reviews does not necessarily mean that the
incidence of the infections is zero. However, it is
likely that the incidence of these infections in the
UK blood transfusion system is very low, given
improved methods to reduce the incidence of
transfusion-transmitted infection in the UK
setting. These include the use of leucodepletion
for all blood products to be used for transfusion.
Leucodepletion reduces the theoretical risk of
vCJD and the risk of cytomegalovirus. In
addition, a number of other events were excluded
owing to lack of information about the likely
incidence or probability that they would occur.
These include transfusion-related complications
(gastrointestinal symptoms, hypersensitivity,
phlebitis, platelet refractoriness, non-fatal air
embolism) and complications where the cause
could be surgical or transfusion related (e.g.
multi-organ failure, bacterial infection due to
immunosuppression). 

The primary and secondary analyses used QALYs
as the outcome measure to estimate ICERs, net
benefit and CEACs. QALYs take into account
differences in potential survival and the impact of
adverse events on overall HRQoL. QALYs
potentially provide a method to weight the impact
of differences in the morbidity of adverse events
by the impact of the adverse event on health
status and overall HRQoL. QALYs tend to be
weighted by mortality and may be less sensitive to
adverse events that have a short or relatively low
impact on quality of life. This may bias the
analysis if one or more interventions are
associated with high rates of adverse events that
individually have a relatively low impact on
health, but cumulatively could have a significant
impact on health and HRQoL. Overall, the
estimates of expected QALYs followed the
estimates of number of lives with adverse events
and the differences between cell salvage and other
transfusion strategies was similar between the two
measures of outcome. Additionally, the estimate
of QALYs also took into account the utility
associated with surgery and inpatient hospital
stay, which is not captured by the measure of lives
with no adverse event. These factors suggest that
the QALY is a reasonable measure for the
economic analysis. The use of QALYs in the
economic analysis also makes the evaluation
consistent with the approach used for reports to
the National Institute for Health and Clinical
Excellence. 
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Strengths and weaknesses of the
data
Systematic review
None of the included transfusion strategies
appeared to have an effect on the incidence of
adverse events. However, the data were insufficient
to draw conclusions of the effect of any of the
transfusion strategies on important clinical events.
Many of the adverse events were reported in an 
ad hoc manner, so that a clear set of adverse events
was not reported consistently between the
individual studies. These factors mean that it is
not possible to assess whether there was sufficient
power to detect clinically and statistically important
differences in the occurrence of adverse events. 

Some of the transfusion strategies were not
specifically assessed in cardiac or orthopaedic
surgery settings. This meant that additional
assumptions had to be made about the benefits of
alternative transfusion strategies in the economic
model (discussed further below).

The cell salvage systematic review included a
subgroup analysis that compared cell salvage to
allogeneic blood according to whether the active
and control groups also included an active
treatment or not. The treatment effect excluding
the trials with an additional active treatment effect
in both arms was slightly lower, with a wider CI
(RR 0.59, 95% CI 0.48 to 0.73) than that for all
trials (RR 0.61, 95% CI 0.52 to 0.71). The impact
of additional active treatments in the comparator
and control arms was not assessed in the
systematic reviews of the other transfusion
strategies. The fact that many participants may
have received other active treatments (albeit in
both arms) makes it difficult to ascertain the
independent effects of the transfusion strategies.

There were no direct comparisons of cell salvage
with transfusion strategies other than allogeneic
transfusion alone. This means that only indirect
comparisons can be made of the differences in RR
compared with allogeneic blood. The lack of direct
comparisons means that it is not possible to
ascertain whether differences in the RR of
exposure to allogeneic blood are due to
differences in effect or differences in the samples
of participants studied. The lack of direct
comparisons combined with inconsistent reporting
on adverse outcomes means that any assessment of
the effectiveness of cell salvage, compared with
transfusion strategies other than allogeneic blood
transfusion alone, can only be exploratory of
potential differences and is therefore uncertain.

The majority of the trials included in the
systematic reviews were not conducted in the UK,
which may reduce the relevance of the results to a
UK setting if there are differences in transfusion
or surgical practice, or the clinical, social or
demographic characteristics of participants, that
could affect the need for transfusion with
allogeneic or autologous blood, or the use of
pharmacotherapy to minimise blood loss. 

Economic model
The data used to estimate the probability of
transfusion-related complications and some of the
transfusion-transmitted infections were estimated
from surveys of the serious hazards of transfusion
in UK practice.6,68,69 These surveys relied on self-
report of serious hazards of transfusion to obtain
data on the annual number of these events in the
UK. This may lead to under-reporting of these
adverse events. The SHOT report for 2003 noted
that 85% of hospitals reported participating in the
serious hazards of transfusion scheme, yet only
47% of hospitals reported any adverse event.6 The
surveys also reported that there were very few
reports of adverse events as a consequence of
autologous transfusion and noted that systems to
report and collect these data systematically were
not in place.6 The serious hazards of transfusion
reports did not include denominator data on the
annual number of transfusions to estimate the
probability of an adverse event per allogeneic or
autologous transfusion. These data were not
available from the National Blood Service or
national statistics. Therefore, the number of
allogeneic transfusions was estimated from a
national audit report of the performance of the
UK blood service.4 The number of autologous
transfusions was estimated from a survey of
transfusion practice in the UK.26 The accuracy of
these sources of data is not clear. It is not clear
whether, overall, the combination of these factors
leads to under- or overestimation of adverse
events related to transfusion only.

In addition, the data used to estimate the
likelihood of adverse events associated with
allogeneic blood transfusions gave numbers of
people having a transfusion with an event. There
was insufficient information to estimate the
likelihood of events by the number of units of
allogeneic blood transfused. If the likelihood of
adverse events increases with the volume of
allogeneic blood transfused, this means that these
data will be underestimates. This would bias the
analysis in favour of those transfusion strategies
that are associated with higher volumes of
allogeneic blood transfused. 
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The results of the primary analysis were tested in
secondary analyses to explore the impact of
subsets of data. Overall, the secondary analyses
supported the results of the primary analysis.
However, it should be noted that these secondary
analyses were based on smaller numbers of trials
and patients than used in the primary analysis.
This could magnify the uncertainty associated with
the data from the systematic reviews and reduce
the robustness of the economic analysis still
further. The secondary analyses should therefore
be treated with caution and considered as
indicative of potential differences between
alternative methods of transfusion.

As noted above, the clinical evidence used in the
model was judged by the systematic reviews to be
of generally low quality. In addition, the lack of
systematic collection and analysis of data from
direct comparisons of cell salvage with transfusion
strategies other than allogeneic blood transfusion
alone meant that a number of assumptions were
required for the economic model. It was assumed
that combining the allogeneic control arm data
across all the trials included in all the systematic
reviews would provide a baseline population that
provided an accurate estimate of the need for
allogeneic transfusion and associated units of
allogeneic blood transfused, length of hospital
inpatient stay and adverse events. The estimates of
these variables seem to be consistent with the
range of estimates produced in the systematic
reviews of the alternative transfusion
strategies13,21,29–33 and with the range of estimates
used in previous economic evaluations36–38,57–65

and data for the UK.71,72

A second assumption made was that applying
estimates of transfusion strategy-specific absolute
risk differences and absolute WMDs to the
allogeneic strategy estimates provided accurate
and robust estimates of (a) the differences between
the alternative transfusion strategies and
allogeneic blood only and (b) the differences
between the alternative transfusion strategies to
minimise exposure to allogeneic blood. This
requires the further assumptions that (a) the
absolute risk differences found for the patient
samples used in the clinical trials do not differ
from those that would be found for a pooled
patient sample (i.e. the only difference from the
trial patient samples and the pooled patient
samples is the baseline need for transfusion) and
(b) the estimates of events derived by applying
these absolute differences to the pooled sample
accurately reflect the relative differences between
the alternative transfusion strategies to minimise

allogeneic blood transfusion. Inspection of the few
trials where the active transfusion strategy was
compared with the allogeneic blood transfusion
plus an alternative active transfusion strategy
suggests that these assumptions provide similar
estimates of differences. However, the validity of
these assumptions and associated uncertainty can
only be fully explored with additional data from
prospective direct comparisons of cell salvage with
the alternative transfusion strategies to minimise
exposure to allogeneic blood.

Generally, there was a lack of UK-specific resource
use data from prospective randomised trials or
well-controlled observational studies. However, two
key variables for the model were the number of
units of allogeneic blood transfused and length of
hospital stay for the index admission. These were
taken from the systematic reviews of clinical
evidence. As noted above, the data for these
variables seem to compare well with available UK
data from national statistics and surveys for blood
transfusion and elective surgical procedures.71,72

In addition, the data from the trials indicate that
when cell salvage was compared with allogeneic
blood transfusion only, it was associated with
statistically significant reductions in the units of
allogeneic blood transfused per transfusion and
average length of stay in hospital. This supports
the finding of lower expected costs for cell salvage.
The cost per unit of allogeneic blood was derived
from national prices. The costs of resources for the
operation, the cost per inpatient day and the cost
of transfusion-related services were taken from
SMUHT. This may limit the generalisability of the
cost data and therefore the results of the economic
model to other settings. 

There was a lack of data in either published
studies or national statistical databases about the
use of resources to estimate the costs of adverse
events and transfusion-transmitted infections in
the UK. The same lack of data was found for
estimates of the impact of these adverse events on
health status and the utility or HRQoL of these
adverse events. Again, a number of assumptions
were required to estimate the costs and
consequences of these events. However, the
extremely low probabilities associated with the
adverse events mean that the impact of these
variables on total expected costs and outcomes was
also very low. 

For the primary analysis, the model uses pooled
data for all types of cell salvage. The costs of cell
salvage are based on the costs of washed cell
salvage, which are higher than those of unwashed
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cell salvage. However, washed cell salvage is
associated with a slightly higher level of
effectiveness than unwashed cell salvage. This
biases the primary analysis against cell salvage.
The secondary analyses suggest that the results
varied according to surgical procedure, timing and
technique of cell salvage. The probability of
allogeneic blood transfusion, units of blood
transfused and average length of stay all vary
according to the elective surgical procedure. The
impact of surgical procedure on the relative cost-
effectiveness of cell salvage was tested in the
secondary analysis. This indicated that overall, the
relative cost-effectiveness of cell salvage did not
differ by surgical procedure. The impact of both
surgical procedure and timing and technique of
cell salvage was also explored in the secondary
analyses. These indicated that cell salvage could
still be cost-effective if washed intraoperative cell
salvage was used in cardiac procedures and
unwashed postoperative cell salvage was used in
orthopaedic procedures. However, it should be
noted that these analyses used subsets of data,
with smaller numbers of trials and patients. 

Data were not directly available on the number of
cases that can be treated with one cell salvage
machine and associated equipment and staff. This
meant that the costs of cell salvage were based on
estimates of activity levels derived from (a) a
survey of UK practice that included data on the
number of units of autologous blood transfused by
different methods of autologous transfusion
practice and (b) estimates of the units of
autologous blood transfused from the trials
included in the systematic reviews. However, the
secondary and budgetary impact analyses
indicated that the relative cost-effectiveness of cell
salvage estimated by this economic model was not
substantially affected by estimates of activity levels.

Comparison of the economic
model with other studies
The review of published economic evaluations of
different transfusion strategies indicated wide
variations in the conclusions about the relative
cost-effectiveness of autologous blood transfusion
in general and cell salvage in particular. The
results of the economic model for this study are
consistent with five studies that found autologous
transfusion techniques to be cost-effective
compared with allogeneic blood transfusion
alone.37,59–61,63 The results of this study are not
consistent with those that found autologous
transfusion was not cost-effective.36,38,57,58,62,64,65

Only two studies evaluated cell salvage, which was
compared with allogeneic blood transfusion alone.
One of these found that cell salvage was cost-
effective63 and the other did not.62 There were no
economic evaluations that compared cell salvage
with the other alternative transfusion strategies
evaluated in this study. The differences in findings
between this study and previous economic
evaluations are likely to be due to a number of
factors. First, differences in the estimates of the
rates of adverse events: the rates of transfusion-
transmitted infection used for this study are lower
than those used in previous evaluations, reflecting
improvements in blood safety over recent years.
Second, differences in the estimates of resource
use and unit cost associated with allogeneic blood
and autologous transfusion: the length of
inpatient stay used in this study was estimated
directly from the trials included in the systematic
reviews of the alternative transfusion strategies,
and found a small reduction in inpatient stay. In
contrast, several of the previously published
economic evaluations did not include length of
inpatient stay as a variable. In addition, the cost
per unit of allogeneic blood used in this study is
higher and closer to the cost per unit of
autologous blood, again reflecting changes in the
processing and supply of allogeneic blood to
improve blood safety. The main additional cost of
autologous blood is that the cost per unit of
autologous blood is incurred for all patients
having surgery, irrespective of whether they have a
transfusion. This is offset by small differences in
the length of hospital stay for the index hospital
admission for elective surgery. 

Limitations
The model used data from clinical trials that were
mostly conducted outside the UK. These data were
synthesised with UK-specific resource use, costs
and utility values. Estimates for key resource use
and cost variables were derived from the
systematic reviews and associated clinical trials,
and so may not be generalisable to UK practice.
However, as discussed above, these estimates
appear similar to data for the UK overall. This
suggests that the results of the economic model
are applicable to the UK setting and current
practice. Data on the resources required pre- and
perioperatively for both allogeneic and autologous
transfusions were derived from activity data and
trial datasets held by one hospital trust. There is a
lack of data to assess the extent to which these
data are an accurate representation for other
settings in the UK. Again, this adds to the level of
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uncertainty about the extent to which the results
can be applied to UK practice. 

Additionally, it should be noted that transfusion
practice is changing rapidly, which raises two
limitations to the results reported here. First, the
data on the likelihood of events and some items
of resource use were estimated from systematic
reviews that included clinical trials published
between 1979 and 2004. The costs of the
transfusion strategies were estimated from 
current practice and technology. This means that
the effectiveness of the transfusion strategies
includes older technologies that may be less
effective than the newer technologies used to
estimate costs. This may underestimate the
relative cost-effectiveness of transfusion strategies
where there have been rapid changes in
technology. The equipment used for cell salvage
has changed over the last 10–20 years and the
costs of the equipment are still changing. Hence
the relative cost-effectiveness of cell salvage may
be higher than that estimated in this study, if
there have been no substantial changes to the
technologies used for the alternative transfusion
strategies. The second limitation is that of rapidly
changing technologies so that the lifespan of the
results of this study may be limited to a few years,
if the estimates of effectiveness and costs also
change. 

The use of UK-specific resource use, unit cost and
utility data and probabilities of transfusion-related
complications and transfusion-transmitted
infections limit the extent to which the results can
be generalised to settings with different values for
these variables. In particular, the results of this
analysis may not be applicable to countries with
higher rates of transfusion complications and
transfusion-transmitted infections. 

For the purposes of the systematic review and
economic modelling, cell salvage was categorised
on the basis of timing (intra- or postoperative) and
technique (washed or unwashed). These
classifications were assigned on the basis of the
individual studies and their descriptions of the
techniques used. In some cases it was difficult to
determine the exact mode of the intervention as
inadequate details were given. 

In clinical practice, the timing of cell salvage
(intra- or postoperative) relates to the expected
dynamics of blood loss for a given procedure. For
example, in abdominal aortic aneurysm repair, the
majority of the blood loss would be expected to
occur during surgery, whereas in total knee

replacement under tourniquet, surgical bleeding is
only initiated at the end of the procedure when
the tourniquet is released. Similarly, there are also
surgical procedures in which blood loss occurs
both during and after the operation.

The earliest of the studies included in this study
dates back to 1979, and the majority of the trials
are at least 10 years old. Some of the cell salvage
devices used are now obsolete as technology has
become more sophisticated and transfusion
practice has changed. Although some studies used
unwashed systems intraoperatively, it is unlikely
that this practice would be currently appropriate
or acceptable for intraoperative cell salvage in the
UK. This is because the quality of unwashed
salvaged blood is highly variable and could
contain potentially dangerous contaminants that
would not necessarily be removed by filtration.
Current transfusion guidelines refer explicitly to
the use of washed rather than unwashed cell
salvage.82 Devices currently available for
intraoperative cell salvage all have a washing
function, with unwashed systems being reserved
exclusively for postoperative salvage where blood
is lost into wound drains. New machines have also
been developed to enable both intra- and
postoperative blood loss to be collected
continuously, providing washed cell salvage for the
majority of the blood loss experienced.

The effectiveness of cell salvage is limited to the
amount of blood that can be successfully
scavenged: if there is no significant blood loss the
patient will not receive a transfusion of autologous
blood. In postoperative cell salvage from wound
drains, manufacturers recommend that
autotransfusion should only proceed following a
minimum loss of 200 ml. Similarly, most cell
washing devices generally require a minimum
blood volume, dictated by the processing set bowl
size, to ensure adequate washing and safety of the
product. The studies reported in the systematic
review of cell salvage showed that only 64% of
patients received a transfusion of autologous
blood, reflecting the variability of blood loss in
these procedures. In any given group of patients
undergoing the same surgical procedure there will
always be inconsistencies in the amount of blood
loss experienced relating to clinical characteristics
of the individual patients and sometimes to the
surgeon performing the operation. When blood
loss is highly variable, the cost of intraoperative
cell salvage can be reduced by performing a
partial set-up to collect blood into the reservoir
only, reserving the decision to process as
appropriate.
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In intraoperative cell salvage, the efficiency of red
cell recovery in cell salvage is not widely reported.
There is always the potential for haemolysis if
vacuum pressures are too high or if blood is
aspirated by surface skimming as opposed to pools
of blood. Sometimes, however, the nature of the
surgical bleeding dictates that the blood–air
interface which causes cellular damage may be
inevitable, irrespective of vacuum pressures. In
those surgical cases were blood loss oozes from a
large surface area, swabs are often used to remove
the blood from the field. Washing surgical swabs to
recover red cells can increase the efficiency of the
process by around 30%.85

This evaluation indicates that there are number of
blood transfusion strategies that individually are
effective in reducing allogeneic blood transfusion
requirements. The systematic reviews and
economic model focused on the need for and
volume of allogeneic RBC transfusion. However,
some of the transfusion strategies included in the
study may also impact on the need for other
allogeneic blood products such as fresh frozen
plasma and platelets. Interventions which address
coagulopathy, such as AF drugs, will not only
reduce red cell requirements but may also
influence the need for blood products. The advent
of near-patient testing devices, such as
thromboelastographs, to detect developing
coagulopathies allows a timelier and appropriate
intervention.

Good transfusion practice should consider all of
the interventions included in this study. In the
UK, Better Blood Transfusion initiatives have
directed clinicians to a culture of ‘appropriate’
blood transfusion. Concerns over falling blood
stocks, particularly in relation to the potential
impact of a vCJD test, have also led to the
development of integrated plans for dealing with
blood shortages. Blood conservation and the need
for education, preoperative planning and
alternative transfusion strategies are central to this
strategy. 

A recent pilot of cell salvage (in the Trent region)
gave rise to a number of recommendations,

including the need for hospitals to identify the
staff they wish to use the intraoperative cell
salvage equipment, the need for certificated
training in the use of cell salvage equipment and a
documented record of training and assessment of
ongoing competency kept by each hospital. Until
recently, users were largely reliant on machine
manufacturers to provide specialised training with
competencies determined locally. The advent of
national occupational standards, via the Skills for
Health organisation, has improved this situation. 

The analysis indicates that cell salvage may result
in reduced demand for and use of allogeneic
blood in elective surgery. Such savings could
contribute to the overall effort to conserve and
manage the current and future allogeneic blood
stock. The need for blood conservation is further
strengthened by the practical difficulties in
facilitating PAD in the UK. The EU Directive
2002/98/EC, which was adopted into UK law in
February 2005, demands that PAD blood be
treated in exactly the same way as allogeneic
blood. This means that locally organised PAD
schemes will have to meet the same stringent
quality control and assurance procedures set in
place for the NHS BTA, will potentially require
accreditation and will be open to inspection. It is
likely, therefore, that the future of PAD is limited
to a small number of cases which can be dealt with
directly by the NHS BTA. These will include
patients with rare blood types or combinations of
red cell antibodies, patients donating bone
marrow and patients who refuse their surgery
without it.

This study has focused on the use of cell salvage
and alternative transfusion strategies in elective
surgery. The use of these methods to conserve
blood in emergency surgery was not considered. In
emergency surgical procedures, where the need for
blood transfusion and volume of blood transfused
is high, the benefits of cell salvage and other
methods of minimising allogeneic blood use are
likely to be enhanced. 
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Implications for healthcare
The overall aims of this review were to compare
patient outcomes, resource use and costs to the
NHS and NHS BTA associated with cell salvage.
The available evidence indicates a number of
conclusions. However, it should be noted that
these are subject to a number of caveats discussed
in Chapter 7, about the quality and reliability of
the data used, which may affect the reliability and
robustness of the results. Many of the trials
included in the clinical review of data were
conducted outside the UK. In addition, the results
of the economic model for this study are based on
indirect comparisons of effectiveness data from
different studies, which may under- or
overestimate the relative effectiveness of cell
salvage. It should also be noted that the evidence
from which these conclusions are drawn relates to
a specific population, that is, those people
undergoing elective surgery that involves
moderate to major blood loss. All of these factors
may limit the extent to which the results are
generalisable to different populations for elective
surgery in the UK. The implications for the use of
cell salvage in the UK are summarised below.

1. The analysis indicates that cell salvage may be
an effective and cost-effective alternative to the
allogeneic blood transfusion strategy. This
applies to patients for whom there is no clinical
reason to avoid allogeneic blood completely
and transfusion of allogeneic blood is
acceptable to the patient.

2. The analysis indicates that for a patient for
whom there is no clinical reason to avoid
allogeneic blood completely and transfusion of
allogeneic blood is acceptable to the patient,
cell salvage is likely to be more cost-effective
than PAD (plus or minus EPO), but not ANH,
in the short term. If the predicted life
expectancy of the patient is greater than
5 years, PAD and ANH may be more cost-
effective than cell salvage. However, the results
for the longer term analysis are driven
primarily by stroke, an adverse event that may
be due to either surgery or transfusion. The
review of clinical evidence suggested that there
were no statistically significant differences in

the rate of stroke between allogeneic and
autologous transfusion techniques. 

3. The analysis indicates that for patients for
whom there is no clinical reason to avoid
allogeneic blood completely and transfusion of
allogeneic blood is acceptable to the patient,
cell salvage is likely to be more cost-effective
than allogeneic blood transfusion plus AFs, FSs
or EPO. 

4. The analysis indicates that washed
intraoperative cell salvage may be more cost-
effective than postoperative cell salvage in
cardiac procedures. However, this analysis is
based on a subset of trials from the systematic
reviews. This increases the level of uncertainty
associated with the data and reduces the
robustness of the results. 

5. The analysis indicates that unwashed
postoperative cell salvage may be more cost-
effective than intraoperative cell salvage in
orthopaedic procedures. However, this analysis
is based on a subset of trials from the
systematic reviews. This increases the level of
uncertainty associated with the data and
reduces the robustness of the results. In
addition, there are risks attached to the use of
unwashed cell salvage that mean it is not
appropriate or acceptable for intraoperative
procedures and washed cell salvage may be
more acceptable for postoperative procedures. 

6. The analysis indicates that for patients for
whom there is no clinical reason to avoid
allogeneic blood completely and transfusion of
allogeneic blood is acceptable to the patient,
ANH is more likely to be cost-effective than cell
salvage. The analysis did not directly compare
ANH with any of the other blood transfusion
strategies. This means that it is not appropriate
to draw conclusions about the cost-effectiveness
of ANH overall. However, the results do
indicate that further research may be
appropriate to assess the relative cost-
effectiveness of ANH compared with the other
blood transfusion strategies (discussed further
below). 

7. The analysis indicates that, on average, cell
salvage could halve the volume of allogeneic
blood used in each operation. If blood
transfusion is required in 1% of all elective
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surgery each year, and cell salvage was used in
10% of these (58,000 operations), then cell
salvage would reduce the annual allogeneic
blood requirement for elective surgery by 
6500 units. If blood transfusion is required in
7% of all elective surgery and cell salvage is
used in 50% of these operations (350,000),
then cell salvage would reduce the annual
allogeneic blood requirement for elective
surgery by 229,000 units. This equates to
approximately 10% of the units of allogeneic
blood issued by the NHS BTA in 2003. If cell
salvage is used for a lower proportion of
operations, or is effective in reducing
allogeneic blood requirement in fewer
operations, then other measures may be
required if the demand for allogeneic blood
increases faster than supply. 

8. Adopting cell salvage more widely within NHS
hospitals may have significant organisational
and management implications. Hospital Trusts
will have to decide who will operate cell salvage
devices and whether it is possible to
accommodate these activities within their
existing establishment. Currently throughout
the UK, cell salvage machines are operated by
a range of healthcare staff, such as nurses,
perfusionists and anaesthetists, each centre
having devised a solution that meets their
individual circumstances. Without a
coordinated approach, providing specialist
resources and training, uptake is likely to be
variable. There still exist some areas of
controversy surrounding the use of cell salvage
techniques in particular clinical situations. The
National Blood Conservation Strategy,
produced by the National Blood Transfusion
Committee and NHS BTA in 2004,24 suggested
the following measures to promote the
introduction of cell salvage: appropriate use of
cell salvage as an achievable target for trusts; a
website-based ‘tool kit’; review of budget
allocation; training initiatives; and template
protocols. As yet, these recommendations have
been slow to be implemented. Without the
necessary support, it is probable that the
impact of cell salvage and appropriate
transfusion alternatives will continue to be
muted.

Recommendations for further
research
1. Adequately powered high-quality RCTs that

report short- and long-term patient outcomes
are needed to allow the assessment of the

clinical and patient value of avoiding allogeneic
blood transfusion and indeed receiving
autologous blood transfusion. This review has
identified a lack of data relating to short-term
adverse events that may be due to either the
surgical procedure, the process of transfusion
or whether allogeneic or autologous blood was
transfused. The outcome measures used in
further clinical evaluations should concentrate
on these events and their impact on the health
status and HRQoL of the patient. Patient
preferences for alternative transfusion
strategies also need to be assessed. 

2. Adequately powered high-quality RCTs to
confirm or reject potential differences between
cell salvage and alternative transfusion
strategies according to surgical procedure,
timing and technique of cell salvage are
required. These need to include the short- and
long-term patient outcomes discussed above.

3. The results of the analysis indicate possible
differences in the likely cost-effectiveness of cell
salvage compared with other techniques to
minimise blood loss (i.e. ANH, PAD with or
without EPO, EPO, AFs, FSs and EPO alone).
However, these results were based on indirect
comparisons of the clinical effectiveness of
technologies. RCTs are needed that are
adequately powered to detect important
differences in adverse events such as stroke and
the patient-related outcomes outlined above.
Such RCTs should aim to provide direct head-
to-head comparisons of cell salvage with
alternative methods of minimising allogeneic
blood use. These trials should be powered and
designed to test whether cell salvage is more or
less effective and cost-effective than the
alternatives. 

4. The increased effectiveness and lower costs of
ANH compared with cell salvage suggested by
this analysis also require confirmation by a well-
designed RCT. 

5. In addition, the analysis reported here did not
include comparison of cell salvage versus ANH
plus cell salvage, or other possible
combinations of autologous techniques. This
was because of a lack of robust clinical evidence
of the effectiveness of these strategies. These
combinations could include PAD plus cell
salvage, PAD plus ANH, PAD followed by ANH,
followed by intraoperative and/or postoperative
cell salvage. Additional pilot studies and RCTs
are required to assess the feasibility,
effectiveness and cost-effectiveness of
combinations of autologous strategies. 

6. Observational and tracking studies are needed
to document the number of adverse events and
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infections as a consequence of transfusion. Such
studies are required to produce reliable
estimates of the incidence of these adverse
events and infections transmitted during blood
transfusion. Most of the current evidence about
the incidence of the serious hazards of
transfusion in the UK relies on self-report of
their occurrence by participating hospitals.
Although participation in the scheme is high, it
is not clear whether all events are reported,
particularly for adverse events related to
autologous transfusion. In addition, there are
no denominator data about the number of
transfusions over which these events occurred.
The new European Union Blood Directive86

will require a centralised system of reporting
adverse events relating to blood transfusion,
and this, coupled with the European network
on haemovigilance (www.ehn-org.net), should
aid systematic reporting. Further research
should classify the incidence of serious hazards
of transfusion by whether the transfusion was
for surgical or medical treatment. Again, pilot
and audit studies are required to inform the
design of large-scale studies and
haemovigilance assessment. 

7. The review of the clinical and economic
literature for this study identified that there was

little evidence about long-term survival
associated with transfusion and with the serious
hazards of transfusion. Further research about
the long-term effects of transfusion on survival
and the long-term effects of the serious hazards
of transfusion on survival, health status and
HRQoL is required. However, such studies
need to be designed with care, since the effects
of transfusion are likely to be confounded by
the underlying age and morbidity of the
population transfused. 

8. Further research should also include
documentation of the need for and use of
health and social care services and costs. The
economic model indicates that the long-term
costs and outcomes are potentially important
determinants of the relative costs and benefits
of the alternative autologous techniques. As
further data become available about the long-
term costs and outcomes, these should be used
to extend the time horizon for the economic
model reported here. The systematic collection
of transparent costing data coupled with long-
term clinical outcome data and the
incorporation into future economic models
would have the potential to improve greatly the
robustness of economic models of the cost-
effectiveness of various transfusion strategies.
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1. cell$ sav$.mp.
2. cell$ salvage.mp.
3. blood transfusion, autologous/
4. autotransfusion$.mp.
5. auto-transfusion$.mp.
6. blood salvage.mp.
7. autovac.mp.
8. solcotrans system.mp.
9. constavac.mp.
10. solcotrans.mp.
11. hemovac.mp.
12. BRAT.mp.
13. fresenius.mp.
14. consta vac.mp.
15. cell saver.mp.
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17. electromedic.mp.
18. electromedics.mp.
19. gish biomedical.mp.
20. haemonetics.mp.
21. orth-evac.mp.
22. pleur-evac.mp.
23. sorenson.mp.
24. reinfusion system.mp.
25. sorin biomedical.mp.
26. or/1-25
27. exp blood transfusion/
28. exp hemorrhage/
29. exp anesthesia/
30. transfusion$.mp.
31. bleed$.mp.
32. blood loss$.mp.
33. hemorrhag$.mp.
34. haemorrhag$.mp.
35. or/27-34
36. 26 and 35
37. randomized controlled trial.pt.
38. controlled clinical trial.pt.
39. randomized controlled trials.sh.
40. random allocation.sh.
41. double blind method.sh.
42. single blind method.sh.
43. or/37-42

44. clinical trial.pt.
45. exp Clinical trials/
46. (clin$ adj25 trial$).ti,ab.
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(blind$ or mask$)).ti,ab.
48. placebos.sh.
49. placebo$.ti,ab.
50. random$.ti,ab.
51. research design.sh.
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53. comparative study.sh.
54. exp Evaluation studies/
55. follow up studies.sh.
56. prospective studies.sh.
57. (control$ or prospectiv$ or volunteer$).ti,ab.
58. or/53-57
59. 43 or 52 or 58
60. 36 and 59
61. animal/ not human/
62. 60 not 61
63. limit 62 to yr=2002-2004

Cell salvage search in EMBASE
(via OVID)
1. cell$ sav$.mp.
2. cell$ salvage.mp.
3. blood transfusion, autologous/
4. autotransfusion$.mp.
5. auto-transfusion$.mp.
6. blood salvage.mp.
7. autovac.mp.
8. solcotrans system.mp.
9. constavac.mp.
10. solcotrans.mp.
11. hemovac.mp.
12. BRAT.mp.
13. fresenius.mp.
14. consta vac.mp.
15. cell saver.mp.
16. dideco.mp.
17. electromedic.mp.
18. electromedics.mp.
19. gish biomedical.mp.
20. haemonetics.mp.
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21. orth-evac.mp.
22. pleur-evac.mp.
23. sorenson.mp.
24. reinfusion system.mp.
25. sorin biomedical.mp.
26. or/1-25
27. exp blood transfusion/
28. exp Bleeding/
29. exp anesthesia/
30. transfusion$.mp.
31. bleed$.mp.
32. blood loss$.mp.
33. hemorrhag$.mp.
34. haemorrhag$.mp.
35. or/27-34
36. 26 and 35
37. exp clinical trial/
38. controlled study/
39. randomized controlled trial/
40. randomization/
41. major clinical study/
42. double blind procedure/
43. single blind procedure/
44. crossover procedure/
45. clinical study/
46. prospective study/
47. longitudinal study/
48. comparative study/
49. evaluation/
50. "evaluation and follow up"/
51. evaluation stud$.tw.
52. comparative stud$.tw.
53. follow?up.mp.
54. placebo$.mp.
55. random$.tw.
56. cross?over$.tw.
57. ((singl$ or doubl$ or trebl$ or tripl$) adj25

(blind$ or mask$)).tw.
58. (clin$ adj25 trial$).tw.
59. (control$ or prospectiv$ or volunteer$).tw.
60. or/37-59
61. 36 and 60
62. exp animal/
63. nonhuman/
64. human/
65. 62 or 63
66. 65 not 64
67. 61 not 66
68. limit 67 to yr=2002-2004

Cell salvage search in Web of
Science (via OVID)
TS = ((CELL SAV* OR CELL SALVAGE OR
AUTO?TRANSFUSION OR BLOOD SALVAGE)
AND (TRANSFUSION OR BLEED* OR

AN?ESTHESIA OR BLOOD LOS* OR
H?EMORRHAG*))

Cell salvage search in Cochrane
Central Register of Controlled
Trials (via National Electronic
Library for Health)
#1. (cell* next sav*)
#2. (cell* next salvage)
#3. BLOOD TRANSFUSION AUTOLOGOUS

single term (MeSH)
#4. autotransfusion
#5. (auto next transfusion)
#6. (blood next salvage)
#7. (#1 or #2 or #3 or #4 or #5 or #6)
#8. BLOOD TRANSFUSION explode tree 1

(MeSH)
#9. HEMORRHAGE explode tree 1 (MeSH)
#10. ANESTHESIA explode tree 1 (MeSH)
#11. transfusion*
#12. bleed*
#13. (blood next loss*)
#14. hemorrhag*
#15. haemorrhag*
#16. (#8 or #9 or #10 or #11 or #12 or #13 or

#14 or #15)
#17. (#7 and #16)
#18. (#7 and #16) (2002 to current date)

PAD search in MEDLINE 
(via OVID)
1. Blood Transfusion, Autologous/
2. pre-operative autologous donat$.mp.
3. autologous blood donat$.mp.
4. autologous blood transfus$.mp.
5. autologous predonat$.mp.
6. or/1-5
7. exp Blood Transfusion/
8. exp Hemorrhage/
9. exp Anesthesia/
10. transfusion$.mp.
11. bleed$.mp.
12. blood loss$.mp.
13. hemorrhag$.mp.
14. haemorrhag$.mp.
15. or/7-14
16. 6 and 15
17. randomized controlled trial.pt.
18. controlled clinical trial.pt.
19. randomized controlled trials.sh.
20. random allocation.sh.
21. double blind method.sh.
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22. single blind method.sh.
23. or/17-22
24. clinical trial.pt.
25. exp Clinical trials/
26. (clin$ adj25 trial$).ti,ab.
27. ((singl$ or doubl$ or trebl$ or tripl$) adj25

(blind$ or mask$)).ti,ab.
28. placebos.sh.
29. placebo$.ti,ab.
30. random$.ti,ab.
31. research design.sh.
32. or/24-31
33. comparative study.sh.
34. exp Evaluation studies/
35. follow up studies.sh.
36. prospective studies.sh.
37. (control$ or prospectiv$ or volunteer$).ti,ab.
38. or/33-37
39. 23 or 32 or 38
40. 16 and 39
41. animal/ not human/
42. 40 not 41
43. limit 42 to yr=2001-2004

PAD search in EMBASE 
(via OVID)
1. Blood Transfusion, Autologous/
2. pre-operative autologous donat$.mp.
3. autologous blood donat$.mp.
4. autologous blood transfus$.mp.
5. autologous predonat$.mp.
6. or/1-5
7. exp Blood Transfusion/
8. exp Bleeding/
9. exp Anesthesia/
10. transfusion$.mp.
11. bleed$.mp.
12. blood loss$.mp.
13. hemorrhag$.mp.
14. haemorrhag$.mp.
15. or/7-14
16. 6 and 15
17. exp clinical trial/
18. controlled study/
19. randomized controlled trial/
20. randomization/
21. major clinical study/
22. double blind procedure/
23. single blind procedure/
24. crossover procedure/
25. clinical study/
26. prospective study/
27. longitudinal study/
28. comparative study/
29. evaluation/

30. "evaluation and follow up"/
31. evaluation stud$.tw.
32. comparative stud$.tw.
33. follow?up.mp.
34. placebo$.mp.
35. random$.tw.
36. cross?over$.tw.
37. ((singl$ or doubl$ or trebl$ or tripl$) adj25

(blind$ or mask$)).tw.
38. (clin$ adj25 trial$).tw.
39. (control$ or prospectiv$ or volunteer$).tw.
40. or/17-39
41. 16 and 40
42. exp animal/
43. nonhuman/
44. human/
45. 42 or 43
46. 45 not 44
47. 41 not 46
48. limit 47 to yr=2001-2004

PAD search in Web of Science 
(via OVID)
TS = ((PRE?OPERATIVE AUTOLOGOUS
DONAT* OR AUTOLOGOUS BLOOD DONAT*
OR AUTOLOGOUS BLOOD TRANSFUS* OR
AUTOLOGOUS PRE?DONAT*) AND
(TRANSFUSION OR BLEED* OR
AN?ESTHESIA OR BLOOD LOS* OR
H?EMORRHAG*))

PAD search in Cochrane Central
Register of Controlled Trials 
(via National Electronic Library
for Health)
#1. BLOOD TRANSFUSION AUTOLOGOUS

single term (MeSH)
#2. (pre-operative next autologous next donat*)
#3. (autologous next blood next donat*)
#4. (autologous next blood next transfus*)
#5. (autologous next predonat*)
#6. (#1 or #2 or #3 or #4 or #5)
#7. BLOOD TRANSFUSION explode tree 1

(MeSH)
#8. HEMORRHAGE explode tree 1 (MeSH)
#9. ANESTHESIA explode tree 1 (MeSH)
#10. transfusion*
#11. bleed*
#12. (blood next loss*)
#13. hemorrhag*
#14. haemorrhag*
#15. (#7 or #8 or #9 or #10 or #11 or #12 or

#13 or #14)
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#16. (#6 and #15)
#17. (#6 and #15) (2001 to current date)

International Network of
Agencies of Health Technology
Assessment (HTA database via
http://www.inahta.org/
on 26 February 2004)
Blood-transfusion – Subject headings OR
Blood transfusion – Titles and Abstracts IN HTA
reports or HTA projects

Text words were omitted if they would be picked
up by another broader text word for example,
‘autotransfusion$.mp’ cancels the need for any
other text word terms that incorporated
‘autotransfusion$.mp’. The text words ‘blood
salvage’ were used without the word ‘intra-
operative’ so as to include studies that used
postoperative blood salvage or did not specify.
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In / out / unclear (circle)
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Appendix 2

Inclusion/exclusion screening form for the cell 
salvage and PAD systematic review update

Trial author and date (e.g. Smith, 2003) Refman No. NL/TB
(circle)

Yes No Unclear

A. A randomised controlled trial?

B. In adults (mean age equal to or more than 18 yrs) requiring 
major elective surgery?

C. Including one of the following comparisons? (If YES please tick 
which comparison, if NO please give details of intervention 
provided in “other” row.)
i) Cell salvage vs control
ii) CS plus co-intervention vs identical co-intervention    
iii) Pre-operative autologous donation vs control
iv) Pre-operative autologous donation plus co-intervention vs 

identical co-intervention 

Other: 

D. Including at least one of the following primary outcomes?
Number of patients transfused with allogeneic blood and/or number 
of patients transfused with autologous blood
Volume of allogeneic blood transfused and/or amount of autologous 
blood transfused
Including any of the following secondary outcomes?
Post-op complications (infections, thrombosis, non-fatal MI, renal 
failure); adverse transfusion reactions; re-operation for bleeding; 
pre-operative morbidity, pre-operative haemoglobin level; mortality; 
length of hospital stay, any other resource use or cost data; 





Form 1

Scoring the items:
Either give a score of 1 point for each ”yes” or 0 points for each “no”. There are no in-between marks.

Give 1 additional point if: 
For question 1, the method to generate the sequence of randomisation was described and it was
appropriate (table of random numbers, computer generated, etc.)

and/or: If for question 2 the method of double blinding was described and it was appropriate (identical
placebo, active placebo, dummy, etc.)

Deduct 1 point if: 
For question 1, the method to generate the sequence of randomisation was described and it was
inappropriate (patients were allocated alternately, or according to date of birth, hospital number, etc.)

and/or: For question 2, the study was described as double-blind but the method of blinding was
inappropriate (e.g. comparison of tablet vs. injection with no double dummy)

Guidelines for Assessment
1. Randomisation
A method to generate the sequence of randomisation will be regarded as appropriate if it allowed each
study participant to have the same chance of receiving each intervention and the investigators could not
predict which treatment was next. Methods of allocation using date of birth, date of admission, hospital
numbers, or alternation should be not regarded as appropriate.

2. Double blinding
A study must be regarded as double blind if the word “double blind” is used. The method will be
regarded as appropriate if it is stated that neither the person doing the assessments nor the study
participant could identify the intervention being assessed, or if in the absence of such a statement the use
of active placebos, identical placebos, or dummies is mentioned.

3. Withdrawals and dropouts
Participants who were included in the study but did not complete the observation period or who were not
included in the analysis must be described. The number and the reasons for withdrawal in each group
must be stated. If there were no withdrawals, it should be stated in the article. If there is no statement on
withdrawals, this item must be given no points.
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Appendix 3

Quality assessment forms for the cell salvage and 
PAD systematic review update

Systematic review details Score

1. Was the study described as randomised? 
(This includes the use of words such as randomly, random, and randomisation)

2. Was the study described as double blind?

3. Was there a description of withdrawals and dropouts?



Form 2

*Notes on allocation concealment
Adequate methods to ensure allocation concealment include:
● Centralised (e.g. allocation by a central office unaware of subject characteristics)
● Pre-numbered or coded treatments which are administered serially to participants
● On-site computer system combined with allocations kept in a locked unreadable computer file that can

be accessed only after the characteristics of an enrolled participant have been entered
● Sequentially numbered, sealed, opaque envelopes
● Similar approaches along with reassurance that the person who generated the allocation scheme did

not administer it. 

Inadequate approaches to allocation concealment include:
● Alternation,
● Use of case record numbers, 
● Dates of birth or day of the week, and 
● Any procedure that is entirely transparent before allocation, such as an open list of random numbers. 

Unclear concealment approaches include:
● Stating that a list or table was used, 
● Only specifying that sealed envelopes were used, and 
● Reporting an apparently adequate concealment scheme in combination with other information that

leads the reviewer to be suspicious. 

When studies do not report any concealment approach, adequacy should be considered unclear. 
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RCT details Score

Selection bias (Randomisation procedure):
Allocation concealment*
A. Adequate concealment 
B. Concealment unclear 
C. Inadequate concealment 
D. Allocation concealment was not used
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Appendix 4

Data extraction form for the cell salvage and 
PAD systematic review update

Author, date and Reference Manager ID Reviewer ID:

Period of study

Country/setting/
Number of centres

Type of elective surgery:

Comparison arm(s)

Recruitment and randomisation details

Primary outcome of study

Power calculation reported?

General description of study population 
(age, sex, baseline disease status, type of surgery):

Selection criteria for entry into trial

Inclusion criteria Exclusion criteria

See Pages:
(Highlight relevant section(s) in paper)
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Appendix 5

Inclusion/exclusion form for the review of 
systematic reviews

Trial author and date (e.g. Smith, 2003) Reference NL/TB
Manager ID (circle)

Yes No Unclear

A. A systematic review of individually randomised controlled trials?

B. In adults (mean age equal to or more than 18 yrs) requiring major 
elective surgery?

C. Including one of the following comparisons?

PAD plus EPO

EPO

ANH

Antifibrinolytics (aprotinin, tranexamic acid, epsilon aminocaproic acid)

Fibrin sealants

Restrictive transfusion thresholds

D. Including at least one of the following primary outcomes?
Number of patients transfused with allogeneic blood and/or volume of 
allogeneic blood transfused 

Note if review also included any of the following secondary outcomes: 
Post-op complications (infections, thrombosis, non-fatal MI, renal failure); 
adverse transfusion reactions; re-operation for bleeding; pre-operative 
morbidity, pre-operative haemoglobin level; mortality; length of hospital 
stay; any other resource use or cost data





1. exp blood transfusion/
2. exp hemorrhage/
3. exp anesthesia/
4. transfusion$.mp.
5. bleed$.mp.
6. blood loss$.mp.
7. hemorrhag$.mp.
8. haemorrhag$.mp.
9. or/1-8
10. Economics/
11. Exp “costs and cost analysis”/
12. Economic value of life/
13. Exp “economics, hospital”/
14. Economics, medical/
15. Economics, nursing/
16. Economics, pharmaceutical/
17. Or/10-16
18. (econom$ or cost or costs or costly or costing

or price or prices or pricing or
pharmacoeconomic$).tw

19. (expenditure$ not energy).tw
20. (value adj1 money).tw
21. budget$.tw
22. or/18-21
23. 17 or 22
24. letter.pt
25. editorial.pt
26. historical article.pt
27. or/24-26
28. 23 not 27
29. animal/
30. human/
31. 29 not (29 and 30)
32. 28 not 31
33. (metabolic adj cost).ti,ab,sh.
34. ((energy or oxygen) adj cost).ti,ab,sh
35. 32 not (33 or 34)
36. 9 and 35
37. limit 38 to yr=1994-2004
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Appendix 6

Search strategy for the economic data





Economic assessment In / out / unclear

For inclusion as economic evaluation of blood transfusion: requires YES for all 7 criteria
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Appendix 7

Inclusion/exclusion form for the economic data

Trial author and date (e.g. Smith, 2003) Refman No

Yes No ?

1 Based on primary data collection or systematic review? 

2 In adults (18 years plus) undergoing any of the following major 
elective surgery? 
Primary joint replacement
Revision joint replacement
Coronary artery bypass grafting
Valve replacement

3 Including at least two of the following interventions?
Intraoperative cell salvage 
Postoperative cell salvage
Pre-operative autologous donation 
Pre-operative autologous donation plus erythropoietin 
Erythropoietin 
Acute normovolaemic haemodilution 
Antifibrinolytics (aprotinin, tranexamic acid, epsilon aminocaproic acid)
Fibrin sealants
Restrictive transfusion thresholds
Allogeneic blood 

4 Assessing any of the following outcomes?
Mortality
Thrombosis
Stroke
MI
Renal failure
Wound complications
Re-operation for bleeding
Incorrect blood component transfused
Acute haemolytic transfusion reaction
Delayed haemolytic transfusion reaction
Transfusion-related acute lung injury
Post transfusion purpura
Transfusion-related graft versus host disease
Transfusion-transmitted infection 
Patient-based outcomes (HRQoL, satisfaction, preferences, utility values 
for health states)

5 Resource use and costs associated with transfusion strategies?

6 Report resource use and cost separately?

7 Report sufficient detail to extract costs and outcome data relevant to 
each alternative comparison of transfusion strategies?
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Appendix 8

Economic data extraction form
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Economic Data Extraction Form

General Information

Paper Reference No. Date: Reviewer ID:

Author/Year:

Title:

Sub Title:

Journal:

Source of funding:

Notes/Comments:

Study Characteristics

Health

Technology:

Comparator:

Type of Intervention Economic Study Type Perspective

Primary prevention Cost-effectiveness Analysis NHS

Secondary Prevention Cost–utility Analysis Societal

Screening Cost–benefit Analysis Hospital

Diagnosis Cost–consequence Analysis Not Stated

Treatment Cost study Other (Please

Specify)

Rehabilitation Not Reported

Palliative Care Setting:

Other (Please Specify)

Not Reported

Hypothesis/Study Question:

Study Population:

Dates to which Data Relate Modelling

Effectiveness Evidence Was a model used?

Resource Use Yes

No

Price Year If yes state purpose and type:
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Source of Data

Source of Effectiveness Data Source of Cost Data

Single Study Actual Source

Synthesis of Prev. Pub. Literature Source

Link between Effectiveness and Costs

Effectiveness data from a single study

Study Sample: Study design:

Power calculation RCT Duration of follow-up:

Number subjects in

intervention group

Non RCT with

concurrent

controls

Loss to follow-up:

Number subjects in

control group

Cohort study Any blinding for assessment of

outcomes:

Recruitment rate Historical

controls

Analysis of clinical study:

Number excluded

from study

Before and after

study

Treatment completers

Method of sample selection: Case series Intention to treat

Other (specify) Effectiveness results:

Not reported

Number of

centres

Effectiveness data from a synthesis of previous studies (model)

Study inclusion criteria: Study designs

included:

Number of primary studies included:

Study exclusion criteria

reported:

RCT Method of combination of

primary studies:

Sources searched reported: Non RCT with

concurrent

controls

Meta-analysis

Criteria used to judge validity: Cohort study Narrative method

Concealment of

randomisation

Historical

controls

Other (specify)
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Blind assessment Before and after

study

Results of the review:

Low drop out rates Case series

Other (specify) Other (specify)

Not reported Not reported

Measure of Benefits used in the Economic Analysis

No Measure of Benefit (CCA or CMA)

Direct Costs: Health Service Estimation of Direct Costs

Based On:

A Guess

Actual Data

Derived using

Modelling

Other

Not Reported

Direct Costs: Patient Estimation of Patient Direct

Costs Based On:

A Guess

Actual Data

Derived using

Modelling

Other

Not Reported

Source of Direct Cost Data:

Price Year:

Discounting Undertaken?

Yes Discount Rate

No
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Indirect Costs Estimation of Indirect Costs Based

On:

A Guess

Actual Data

Derived using

Modelling

Other

Not Reported

Source of Indirect Cost Data

Price Year:

Discounting Undertaken?

Yes Discount Rate:

No

Currency: Conversion Rates Used:

Statistical/Sensitivity Analyses

Statistical Tests Carried Out? Types of test used in Analysis of Costs:

Yes

No

Type of Sensitivity Analysis: Areas of Uncertainty Tested:

One-way Analysis

Two-way Analysis

Multi-way Analysis

Threshold Analysis

Analysis of Extremes

Probabilistic Analysis

Other

Not Reported

Not Carried out
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Results

Clinical Outcome/Benefit:

Duration of Benefits: Side Effects Considered? Y N

Cost results:

Cost of Adverse Events Considered? Y N Not

Relevant

How were the Estimates of Costs

and Benefits Combined?

Results of Synthesis of Costs and Benefits:

Cost/Life Saved

Cost/Life Gained

Cost/QALY

Net Benefit

Incremental Net Benefit

Other

Not Combined

Author’s Conclusions:

Reviewer’s Conclusions:

Overall assessment of study quality:
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Appendix 9

Table of characteristics of original cell salvage and 
PAD systematic reviews
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Appendix 10

Cell salvage meta-analyses

Meta-analysis No. No. of events/ No. of events/ RR 95% CI Heterogeneity 
of No. of participants No. of participants (random p-value
RCTs in cell salvage in control effects)

All studies 47 690/1952 1118/1905 0.61 0.52 to 0.71 p < 0.00001

I2 = 87.2%

Transfusion 38 584/1433 921/1434 0.63 0.54 to 0.73 p < 0.00001

protocol I2 = 86.8%

No transfusion 9 106/519 197/471 0.44 0.22 to 0.88 p < 0.00001

protocol I2 = 87.6%

Cardiac 23 492/889 658/895 0.77 0.68 to 0.87 p < 0.00001

I2 = 79.5%

Orthopaedic 21 158/972 395/915 0.42 0.32 to 0.54 p = 0.005
I2 = 58.7%

Vascular 3 40/91 65/95 0.55 0.13 to 2.36 p = 0.003
I2 = 87.9%

Washed 20 245/789 471/811 0.54 0.43 to 0.68 p < 0.00001

I2 = 78.3%

Unwashed 26 444/1102 612/1072 0.71 0.60 to 0.84 p < 0.00001

I2 = 84.7%

Intraoperative 7 102/282 183/282 0.53 0.35 to 0.80 p = 0.0001
I2 = 77.7%

Postoperative 33 534/1448 788/1429 0.67 0.57 to 0.79 p < 0.00001

I2 = 86.5%

Intra- + 6 45/142 88/152 0.56 0.29 to 1.08 p < 0.00001
postoperative I2 = 87.1%

Cardiac washed 9 129/325 227/329 0.61 0.46 to 0.80 p < 0.00001

I2 = 79.1%

Cardiac 14 363/564 431/566 0.87 0.78 to 0.97 p = 0.0001

unwashed I2 = 67.6%

Orthopaedic 9 76/373 179/387 0.46 0.34 to -.64 p = 0.03
washed I2 = 52.5%

Orthopaedic 12 81/538 181/506 0.42 0.30 to 0.60 p = 0.04
unwashed I2 = 48.1%

Vascular washed 3 40/91 65/95 0.55 0.13 to 2.36 p = 0.0003
I2 = 87.9%

English 42 639/1841 1043/1807 0.60 0.51 to 0.71 p < 0.00001

I2 = 88.6%

Non-English 4 39/91 55/78 0.62 0.47 to 0.80 p = 0.86
I2 = 0%

Grade B 35 609/1460 935/1414 0.64 0.55 to 0.76 p < 0.00001

I2 = 87.7%

Grade C 11 79/460 182/458 0.47 0.27 to 0.83 p < 0.00001
I2 = 86.3%

continued
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Meta-analysis No. No. of events/ No. of events/ RR 95% CI Heterogeneity 
of No. of participants No. of participants (random p-value
RCTs in cell salvage in control effects)

Active vs control 28 405/1035 677/1029 0.59 0.48 to 0.73 p < 0.00001

I2 = 90.6%

Transfusion 24 349/841 551/833 0.63 0.51 to 0.77 p < 0.00001

protocol I2 = 89.1%

No transfusion 4 56/194 126/196 0.27 0.02 to 4.08 p < 0.00001

protocol I2 = 95.8%

Cardiac 14 291/516 373/513 0.81 0.70 to 0.93 p < 0.00001

I2 = 78.9%

Orthopaedic 11 74/128 239/421 0.35 0.24 to 0.52 p = 0.0009
I2 = 66.5%

Vascular 3 40/91 65/95 0.55 0.13 to 2.36 p = 0.0003
I2 = 87.9%

Washed 14 168/550 324/560 0.53 0.39 to 0.72 p < 0.00001

I2 = 87.2%

Unwashed 13 236/425 318/409 0.73 0.58 to 0.91 p < 0.00001

I2 = 88.4%

Intraoperative 5 74/191 113/191 0.61 0.39 to 0.95 p = 0.01
I2 = 68.9%

Postoperative 18 287/738 473/724 0.60 0.45 to 0.79 p < 0.00001

I2 = 93.1%

Intra- + 5 44/106 91/114 0.52 0.26 to 1.01 p < 0.00001
postoperative I2 = 90.8%

a Studies in bold italic indicate where data have been added as a result of the update of the cell salvage systematic review. 

Meta-analysis No. No. of participants No. of participants WMD 95% CI Heterogeneity 
of in cell salvage in control (random p-value
RCTs effects)

All studies 27 974 963 –0.67 –0.89 to –0.45 p < 0.00001

I2 = 74.1%

Transfusion 23 771 773 –0.61 –0.84 to –0.37 p < 0.00001

protocol I2 = 75.7%

No transfusion 4 203 190 –1.26 –2.11 to –0.40 p = 0.04
protocol I2 = 64.0%

Cardiac 17 691 677 –0.64 –0.90 to –0.39 p < 0.00001

I2 = 69.9%

Orthopaedic 7 190 193 –0.89 –1.40 to –0.39 p = 0.003
I2 = 78.4%

Vascular 3 93 93 0.02 –0.34 to 0.38 p = 0.42
I2 = 0%

Active vs control 18 638 622 –0.90 –1.23 to –0.56 p < 0.00001

I2 = 79.9%

Transfusion 15 486 483 –0.81 –1.16 to –0.46 p < 0.00001

protocol I2 = 81.9%

continued

Meta-analysis and subgroup analysis results for the cell salvage 
update – units of allogeneic blood transfuseda
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Meta-analysis No. No. of participants No. of participants WMD 95% CI Heterogeneity 
of in cell salvage in control (random p-value
RCTs effects)

No transfusion 3 152 139 –1.64 –2.96 to –0.33 p = 0.05
protocol I2 = 66.7%

Cardiac 11 442 424 –0.97 –1.40 to –0.55 p < 0.00001

I2 = 76.0%

Orthopaedic 4 103 105 –1.13 –1.78 to –0.48 p = 0.002
I2 = 80.1%

Vascular 3 93 93 0.02 –0.34 to 0.38 p = 0.42
I2 = 0%

a Studies in bold italic indicate where data have been added as a result of the update of the cell salvage systematic review. 

Meta-analysis and subgroup analysis results for the cell salvage 
update – adverse events and other outcomes

Outcome Meta- No. No. of events/ No. of events/ RR 95% CI Heterogeneity 
analysis of No. of No. of (random p-value

RCTs participants participants effects)
in cell salvage in control

Mortality All studies 15 13/614 11/598 1.22 0.55 to 2.70 p = 0.78
I2 = 0%

Active vs 11 13/417 8/394 1.53 0.65 to 3.61 p = 0.86
control I2 = 0%

Reoperation All studies 14 22/563 20/556 1.00 0.55 to 1.81 p = 0.87
for bleeding I2 = 0%

Active vs 8 13/302 10/290 1.08 0.47 to 2.48 p = 0.65
control I2 = 0%

Any infection All studies 13 25/721 34/669 0.74 0.44 to 1.25 p = 0.49
I2 = 0%

Active vs 9 24/420 31/406 0.75 0.41 to 1.37 p = 0.37
control I2 = 0%

Wound All studies 9 17/392 15/338 0.91 0.46 to 1.81 p = 0.79
complication I2 = 0%

Active vs 7 14/263 14/241 0.88 0.42 to 1.81 p = 0.75
control I2 = 0%

Any thrombosis All studies 7 9/264 6/233 1.46 0.56 to 3.83 p = 0.95
I2 = 0%

Active vs 6 9/189 6/190 1.46 0.56 to 3.83 p = 0.95
control I2 = 0%

Stroke All studies 4 3/247 5/249 0.65 0.17 to 2.50 p = 0.76
I2 = 0%

Active vs 3 2/149 3/149 0.73 0.14 to 3.72 p = 0.57
control I2 = 0%

Non-fatal MI All studies 9 16/411 22/420 0.76 0.40 to 1.43 p = 0.68
I2 = 0%

Active vs 5 10/223 19/225 0.58 0.28 to 1.19 p = 0.88
control I2 = 0%

DVT Active vs 4 6/124 7/125 0.93 0.31 to 2.77 p = 0.54
control I2 = 0%

Hospital length Active vs 5 203 194 –1.28 –2.65 to 0.08 p = 0.13
of stay control I2 = 0%
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Relative risk of exposure to allogeneic blood, cell salvage versus
control, transfusion protocol

Review: Cell salvage for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 01 Cell Salvage – Blood Transfused (All studies)
Outcome: 02 No. Exposed to Allogeneic Blood (Transfusion Protocol)

Study  Cell salvage  Control  RR (random) Weight RR (random)
or subcategory  n/N  n/N  95% CI % 95% CI

01 Transfusion Protocol
 Thurer, 1979               37/54              40/59          3.48      1.01 (0.79 to 1.30)        
 Dietrich, 1989             17/25              22/25          3.35      0.77 (0.57 to 1.05)        
 Page, 1989                 42/48              45/51          3.69      0.99 (0.86 to 1.15)        
 Eng, 1990                  17/20              17/20          3.46      1.00 (0.77 to 1.30)        
 Elawad, 1991                 6/20              18/20          2.26      0.33 (0.17 to 0.66)        
 Gannon, 1991               16/124            45/115         2.76      0.33 (0.20 to 0.55)        
 Lorentz, 1991                8/16              10/15          2.48      0.75 (0.41 to 1.38)        
 Majowski, 1991               7/20              19/20          2.48      0.37 (0.20 to 0.68)        
 Parrot, 1991               13/22              19/22          3.13      0.68 (0.47 to 1.01)        
 Shirvani, 1991             20/21              21/21          3.75      0.95 (0.87 to 1.05)        
 Heddle, 1992               10/39              27/40          2.57      0.38 (0.21 to 0.68)        
 Menges, 1992                 8/14              12/12          2.93      0.57 (0.36 to 0.90)        
 Kelley, 1993                 4/18                3/18          1.05      1.33 (0.35 to 5.13)        
 Koopman, 1993/a            15/17              20/20          3.64      0.88 (0.74 to 1.05)        
 Koopman, 1993/b              5/29              13/30          1.76      0.40 (0.16 to 0.97)        
 Laub, 1993                   5/19              13/19          1.95      0.38 (0.17 to 0.87)        
 Schonberger, 1993            1/20                4/20          0.51      0.25 (0.03 to 2.05)        
 Ward, 1993                 15/18                8/17          2.66      1.77 (1.03 to 3.05)        
 Axford, 1994               10/16              14/16          3.02      0.71 (0.47 to 1.09)        
 Bouboulis, 1994            34/42              28/33          3.58      0.95 (0.78 to 1.17)        
 Riou, 1994                   1/25                2/25          0.43      0.50 (0.05 to 5.17)        
 Rosencher, 1994              6/20                6/10          1.88      0.50 (0.22 to 1.16)        
 Simpson, 1994                0/12                0/12                Not estimable         
 Fragnito, 1995             17/41              27/41          3.01      0.63 (0.41 to 0.96)        
 Mah, 1995                    9/44              26/55          2.37      0.43 (0.23 to 0.83)        
 Schmidt, 1996              15/53              31/56          2.83      0.51 (0.31 to 0.83)        
 Tempe, 1996                11/50              43/50          2.69      0.26 (0.15 to 0.44)        
 Unsworth, 1996             32/36              31/34          3.67      0.97 (0.83 to 1.14)        
 Shenolikar, 1997             8/50              40/50          2.36      0.20 (0.10 to 0.38)        
 Spark, 1997                  3/23              26/27          1.45      0.14 (0.05 to 0.39)        
 Adalberth, 1998              8/24              10/25          2.12      0.83 (0.40 to 1.75)        
 Clagett, 1999              33/50              36/50          3.45      0.92 (0.70 to 1.19)        
 Dalrymple-Hay, 1999        28/56              46/56          3.39      0.61 (0.46 to 0.81)        
 Martin, 2000               54/98              73/100         3.56      0.75 (0.61 to 0.94)        
 Tempe, 2001                12/20              20/20          3.21      0.60 (0.42 to 0.86)        
 Thomas, 2001               12/115            33/116         2.48      0.37 (0.20 to 0.67)        
 McGill, 2002               26/84              43/84          3.14      0.60 (0.41 to 0.89)        
 Zhao, 2003                 19/30              30/30          3.43      0.63 (0.48 to 0.83)        

Subtotal (95% CI) 1433               1434 100.00      0.63 (0.54 to 0.73)
Total events: 584 (cell salvage), 921 (control)
Test for heterogeneity: �2 = 273.21, df = 36 (p < 0.00001), I2 = 86.8%
Test for overall effect: z = 5.90 (p < 0.00001)

02 No Transfusion Protocol
 Lepore, 1989               50/67              62/68         25.99      0.82 (0.70 to 0.96)        
 Slagis, 1991               19/51              27/51         21.03      0.70 (0.45 to 1.09)        
 Mauerhan, 1993               5/57                6/54          9.49      0.79 (0.26 to 2.44)        
 Healy, 1994                20/75              23/43         20.46      0.50 (0.31 to 0.80)        
 Ayers, 1995                  1/67              15/89          3.97      0.09 (0.01 to 0.65)        
 Rollo, 1995                  5/75                0/38          2.09      5.64 (0.32 to 99.48)       
 Newman, 1997                 3/35              28/35          9.85      0.11 (0.04 to 0.32)        
 Sait, 1999                   1/60              35/60          4.12      0.03 (0.00 to 0.20)        
 Naumenko, 2003               2/32                1/33          2.99      2.06 (0.20 to 21.64)       

Subtotal (95% CI) 519                471 100.00     0.44 (0.22 to 0.88)
Total events: 106 (cell salvage), 197 (control)
Test for heterogeneity: �2 = 64.77, df = 8 (p < 0.00001), I2 = 87.6%
Test for overall effect: z = 2.33 (p = 0.02)

 0.01  0.1  1  10  100

 Favours cell salvage  Favours control
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Relative risk of exposure to allogeneic blood, cell salvage versus
control, type of surgery

Review: Cell salvage for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 01 Cell Salvage – Blood Transfused (All studies)                                                              
Outcome: 03 No. Exposed to Allogeneic Blood (Type of Surgery)                                                          

Study  Cell salvage  Control  RR (random)  Weight  RR (random)
or subcategory  n/N  n/N  95% CI  %  95% CI

01 Cardiac
 Thurer, 1979               37/54              40/59          5.03     1.01 (0.79 to 1.30)        
 Dietrich, 1989             17/25              22/25          4.84     0.77 (0.57 to 1.05)        
 Lepore, 1989               50/67              62/68          5.30     0.82 (0.70 to 0.96)        
 Page, 1989                 42/48              45/51          5.32     0.99 (0.86 to 1.15)        
 Eng, 1990                  17/20              17/20          5.00     1.00 (0.77 to 1.30)        
 Parrot, 1991               13/22              19/22          4.52     0.68 (0.47 to 1.01)        
 Shirvani, 1991             20/21              21/21          5.42     0.95 (0.87 to 1.05)        
 Koopman, 1993/a            15/17              20/20          5.26     0.88 (0.74 to 1.05)        
 Laub, 1993                   5/19              13/19          2.81     0.38 (0.17 to 0.87)        
 Schonberger, 1993            1/20                4/20          0.74     0.25 (0.03 to 2.05)        
 Ward, 1993                 15/18                8/17          3.84     1.77 (1.03 to 3.05)        
 Axford, 1994               10/16              14/16          4.36     0.71 (0.47 to 1.09)        
 Bouboulis, 1994            34/42              28/33          5.17     0.95 (0.78 to 1.17)        
 Fragnito, 1995             17/41              27/41          4.35     0.63 (0.41 to 0.96)        
 Schmidt, 1996              15/53              31/56          4.08     0.51 (0.31 to 0.83)        
 Tempe, 1996                11/50              43/50          3.89     0.26 (0.15 to 0.44)        
 Unsworth, 1996             32/36              31/34          5.30     0.97 (0.83 to 1.14)        
 Dalrymple-Hay, 1999        28/56              46/56          4.90     0.61 (0.46 to 0.81)        
 Martin, 2000               54/98              73/100         5.15     0.75 (0.61 to 0.94)        
 Tempe, 2001                12/20              20/20          4.63     0.60 (0.42 to 0.86)        
 McGill, 2002               26/84              43/84          4.53     0.60 (0.41 to 0.89)        
 Naumenko, 2003               2/32                1/33          0.61     2.06 (0.20 to 21.64)       
 Zhao, 2003                 19/30              30/30          4.96     0.63 (0.48 to 0.83)        

Subtotal (95% CI) 889                 895 100.00     0.77 (0.68 to 0.87)
Total events: 492 (cell salvage), 658 (control)
Test for heterogeneity: �2 = 107.40, df = 22 (p < 0.00001), I2 = 79.5%
Test for overall effect: z = 4.09 (p < 0.0001)

02 Orthopaedic
 Elawad, 1991                 6/20              18/20          5.82     0.33 (0.17 to 0.66)        
 Gannon, 1991               16/124            45/115         7.09     0.33 (0.20 to 0.55)        
 Lorentz, 1991                8/16              10/15          6.38     0.75 (0.41 to 1.38)        
 Majowski, 1991               7/20              19/20          6.38     0.37 (0.20 to 0.68)        
 Slagis, 1991               19/51              27/51          7.63     0.70 (0.45 to 1.09)        
 Heddle, 1992               10/39              27/40          6.60     0.38 (0.21 to 0.68)        
 Menges, 1992                 8/14              12/12          7.53     0.57 (0.36 to 0.90)        
 Koopman, 1993/b              5/29              13/30          4.52     0.40 (0.16 to 0.97)        
 Mauerhan, 1993               5/57                6/54          3.44     0.79 (0.26 to 2.44)        
 Healy, 1994                20/75              23/43          7.42     0.50 (0.31 to 0.80)        
 Riou, 1994                   1/25                2/25          1.10     0.50 (0.05 to 5.17)        
 Rosencher, 1994              6/20                6/10          4.84     0.50 (0.22 to 1.16)        
 Simpson, 1994                0/12                0/12                Not estimable         
 Ayers, 1995                  1/67              15/89          1.44     0.09 (0.01 to 0.65)        
 Mah, 1995                    9/44              26/55          6.09     0.43 (0.23 to 0.83)        
 Rollo, 1995                  5/75                0/38          0.76     5.64 (0.32 to 99.48)       
 Newman, 1997                 3/35              28/35          3.58     0.11 (0.04 to 0.32)        
 Shenolikar, 1997             8/50              40/50          6.06     0.20 (0.10 to 0.38)        
 Adalberth, 1998              8/24              10/25          5.44     0.83 (0.40 to 1.75)        
 Sait, 1999                   1/60              35/60          1.50     0.03 (0.00 to 0.20)        
 Thomas, 2001               12/115            33/116         6.37     0.37 (0.20 to 0.67)        

Subtotal (95% CI) 972                 915 100.00     0.42 (0.32 to 0.54)
Total events: 158 (cell salvage), 395 (control)
Test for heterogeneity: �2 = 45.97, df = 19 (p = 0.0005), I2 = 58.7%
Test for overall effect: z = 6.67 (p < 0.00001)

03 Vascular
 Kelley, 1993                 4/18                3/18         17.62     1.33 (0.35 to 5.13)        
 Spark, 1997                  3/23              26/27         24.38     0.14 (0.05 to 0.39)        
 Clagett, 1999              33/50              36/50         58.00     0.92 (0.70 to 1.19)        

Subtotal (95% CI) 91                   95 100.00     0.55 (0.13 to 2.36)
Total events: 40 (cell salvage), 65 (control)
Test for heterogeneity: �2 = 16.58, df = 2 (p = 0.0003), I2 = 87.9%
Test for overall effect: z = 0.80 (p = 0.42)
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Relative risk of exposure to allogeneic blood, cell salvage versus
control, type of cell salvage

Review: Cell salvage for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 01 Cell Salvage – Blood Transfused (All studies)                                                              
Outcome: 04 No.Exposed to Allogeneic Blood – (Washed vs Unwashed)                                                      

Study  Cell salvage  Control  RR (random)  Weight  RR (random)
or subcategory  n/N  n/N  95% CI  %  95% CI

01 Washed
 Dietrich, 1989             17/25              22/25          6.75     0.77 (0.57 to 1.05)        
 Elawad, 1991                 6/19              18/20          4.41     0.35 (0.18 to 0.69)        
 Lorentz, 1991                8/16              10/15          4.82     0.75 (0.41 to 1.38)        
 Parrot, 1991               13/22              19/22          6.25     0.68 (0.47 to 1.01)        
 Slagis, 1991               19/51              27/51          5.89     0.70 (0.45 to 1.09)        
 Menges, 1992                 8/14              12/12          5.80     0.57 (0.36 to 0.90)        
 Kelley, 1993                 4/18                3/18          1.93     1.33 (0.35 to 5.13)        
 Koopman, 1993/a            15/17              20/20          7.43     0.88 (0.74 to 1.05)        
 Koopman, 1993/b              5/29              13/30          3.32     0.40 (0.16 to 0.97)        
 Laub, 1993                   5/19              13/19          3.70     0.38 (0.17 to 0.87)        
 Mah, 1995                    9/44              26/55          4.59     0.43 (0.23 to 0.83)        
 Rollo, 1995/a                1/35                0/38          0.44     3.25 (0.14 to 77.25)       
 Tempe, 1996                11/50              43/50          5.28     0.26 (0.15 to 0.44)        
 Shenolikar, 1997             8/50              40/50          4.57     0.20 (0.10 to 0.38)        
 Spark, 1997                  3/23              26/27          2.71     0.14 (0.05 to 0.39)        
 Clagett, 1999              33/50              36/50          6.99     0.92 (0.70 to 1.19)        
 Dalrymple-Hay, 1999        28/56              46/56          6.85     0.61 (0.46 to 0.81)        
 Tempe, 2001                12/20              20/20          6.42     0.60 (0.42 to 0.86)        
 Thomas, 2001               12/115            33/116         4.81     0.37 (0.20 to 0.67)        
 McGill, 2002               26/84              43/84          6.27     0.60 (0.41 to 0.89)        
 Naumenko, 2003               2/32                1/33          0.76     2.06 (0.20 to 21.64)       

Subtotal (95% CI) 789                811 100.00     0.54 (0.43 to 0.68)
Total events: 245 (cell salvage), 471 (control)
Test for heterogeneity: �2 = 92.00, df = 20 (p < 0.00001), I2 = 78.3%
Test for overall effect: z = 5.29 (p < 0.00001)

02 Unwashed
 Thurer, 1979               37/54              40/59          5.62     1.01 (0.79 to 1.30)        
 Lepore, 1989               50/67              62/68          5.97     0.82 (0.70 to 0.96)        
 Page, 1989                 42/48              45/51          6.01     0.99 (0.86 to 1.15)        
 Eng, 1990                  17/20              17/20          5.59     1.00 (0.77 to 1.30)        
 Gannon, 1991               16/124            45/115         4.33     0.33 (0.20 to 0.55)        
 Majowski, 1991               7/20              19/20          3.85     0.37 (0.20 to 0.68)        
 Shirvani, 1991             20/21              21/21          6.13     0.95 (0.87 to 1.05)        
 Heddle, 1992               10/39              27/40          4.00     0.38 (0.21 to 0.68)        
 Mauerhan, 1993               5/57                6/54          1.99     0.79 (0.26 to 2.44)        
 Schonberger, 1993            1/20                4/20          0.74     0.25 (0.03 to 2.05)        
 Ward, 1993                 15/18                8/17          4.15     1.77 (1.03 to 3.05)        
 Axford, 1994               10/16              14/16          4.79     0.71 (0.47 to 1.09)        
 Bouboulis, 1994            34/42              28/33          5.81     0.95 (0.78 to 1.17)        
 Healy, 1994                20/75              23/43          4.55     0.50 (0.31 to 0.80)        
 Riou, 1994                   1/25                2/25          0.61     0.50 (0.05 to 5.17)        
 Rosencher, 1994              6/20                6/10          2.85     0.50 (0.22 to 1.16)        
 Simpson, 1994                0/12                0/12                Not estimable         
 Ayers, 1995                  1/67              15/89          0.81     0.09 (0.01 to 0.65)        
 Fragnito, 1995             17/41              27/41          4.77     0.63 (0.41 to 0.96)        
 Rollo, 1995/b                4/40                0/38          0.41     8.56 (0.48 to 153.83)      
 Schmidt, 1996              15/53              31/56          4.44     0.51 (0.31 to 0.83)        
 Unsworth, 1996             32/36              31/34          5.98     0.97 (0.83 to 1.14)        
 Newman, 1997                 3/35              28/35          2.07     0.11 (0.04 to 0.32)        
 Adalberth, 1998              8/24              10/25          3.23     0.83 (0.40 to 1.75)        
 Martin, 2000               54/98              73/100         5.78     0.75 (0.61 to 0.94)        
 Zhao, 2003                 19/30              30/30          5.53     0.63 (0.48 to 0.83)        

Subtotal (95% CI) 1102               1072 100.00     0.71 (0.60 to 0.84)
Total events: 444 (cell salvage), 612 (control)
Test for heterogeneity: �2 = 157.05, df = 24 (p < 0.00001), I2 = 84.7%
Test for overall effect: z = 3.98 (p < 0.0001)
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Relative risk of exposure to allogeneic blood, cell salvage versus
control, timing of cell salvage

Review: Cell salvage for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 01 Cell Salvage – Blood Transfused (All studies)
Outcome: 05 No.Exposed to Allogeneic Blood (Timing)

Study  Cell salvage  Control  RR (random)  Weight  RR (random)
or subcategory  n/N  n/N  95% CI  %  95% CI

01 Intra-operative
 Elawad, 1991         6/20              18/20         12.71     0.33 (0.17 to 0.66)        
 Kelley, 1993         4/18                3/18          5.68     1.33 (0.35 to 5.13)        
 Laub, 1993         5/19              13/19         10.82     0.38 (0.17 to 0.87)        
 Fragnito, 1995       17/41              27/41         17.30     0.63 (0.41 to 0.96)        
 Tempe, 1996       11/50              43/50         15.30     0.26 (0.15 to 0.44)        
 Clagett, 1999       33/50              36/50         20.10     0.92 (0.70 to 1.19)        
 McGill, 2002       26/84              43/84         18.09     0.60 (0.41 to 0.89)        

Subtotal (95% CI) 282                 282 100.00     0.53 (0.35 to 0.80)
Total events: 102 (cell salvage), 183 (control)
Test for heterogeneity: �2 = 26.93, df = 6 (p = 0.0001), I2 = 77.7%
Test for overall effect: z = 3.00 (p = 0.003)

02 Post-operative
 Thurer, 1979       37/54              40/59          4.40     1.01 (0.79 to 1.30)        
 Dietrich, 1989       17/25              22/25          4.22     0.77 (0.57 to 1.05)        
 Lepore, 1989       50/67              62/68          4.66     0.82 (0.70 to 0.96)        
 Page, 1989                 42/48              45/51          4.69     0.99 (0.86 to 1.15)        
 Eng, 1990                  17/20              17/20          4.37     1.00 (0.77 to 1.30)        
 Gannon, 1991               16/124            45/115         3.41     0.33 (0.20 to 0.55)        
 Majowski, 1991               7/20              19/20          3.05     0.37 (0.20 to 0.68)        
 Shirvani, 1991             20/21              21/21          4.78     0.95 (0.87 to 1.05)        
 Slagis, 1991               19/51              27/51          3.69     0.70 (0.45 to 1.09)        
 Heddle, 1992               10/39              27/40          3.16     0.38 (0.21 to 0.68)        
 Menges, 1992                 8/14              12/12          3.64     0.57 (0.36 to 0.90)        
 Mauerhan, 1993               5/57                6/54          1.59     0.79 (0.26 to 2.44)        
 Schonberger, 1993            1/20                4/20          0.60     0.25 (0.03 to 2.05)        
 Ward, 1993                 15/18                8/17          3.28     1.77 (1.03 to 3.05)        
 Axford, 1994               14/16              10/16          3.77     1.40 (0.92 to 2.14)        
 Bouboulis, 1994            34/42              28/33          4.54     0.95 (0.78 to 1.17)        
 Healy, 1994                20/75              23/43          3.59     0.50 (0.31 to 0.80)        
 Riou, 1994                   1/25                2/25          0.49     0.50 (0.05 to 5.17)        
 Rosencher, 1994              6/20                6/10          2.27     0.50 (0.22 to 1.16)        
 Simpson, 1994                0/12                0/12                Not estimable         
 Ayers, 1995                  1/67              15/89          0.65     0.09 (0.01 to 0.65)        
 Mah, 1995                    9/44              26/55          2.90     0.43 (0.23 to 0.83)        
 Rollo, 1995/b                4/40                0/38          0.33     8.56 (0.48 to 153.83)      
 Schmidt, 1996              15/53              31/56          3.50     0.51 (0.31 to 0.83)        
 Unsworth, 1996             32/36              31/34          4.67     0.97 (0.83 to 1.14)        
 Newman, 1997                 3/35              28/35          1.65     0.11 (0.04 to 0.32)        
 Shenolikar, 1997             8/50              40/50          2.88     0.20 (0.10 to 0.38)        
 Adalberth, 1998              8/24              10/25          2.57     0.83 (0.40 to 1.75)        
 Dalrymple-Hay, 1999        28/56              46/56          4.28     0.61 (0.46 to 0.81)        
 Martin, 2000               54/98              73/100         4.52     0.75 (0.61 to 0.94)        
 Thomas, 2001               12/115            33/116         3.04     0.37 (0.20 to 0.67)        
 Naumenko, 2003               2/32                1/33          0.49     2.06 (0.20 to 21.64)       
 Zhao, 2003                 19/30              30/30          4.33     0.63 (0.48 to 0.83)        

Subtotal (95% CI) 1448               1429 100.00     0.67 (0.57 to 0.79)
Total events: 534 (cell salvage), 788 (control)
Test for heterogeneity: �2 = 229.94, df = 31 (p < 0.00001), I2  = 86.5%
Test for overall effect: z = 4.71 (p < 0.00001)

03 Both intra- and post-operative
 Lorentz, 1991                8/16              10/15         19.37     0.75 (0.41 to 1.38)        
 Parrot, 1991               13/22              19/22         24.92     0.68 (0.47 to 1.01)        
 Koopman, 1993/a            15/17              20/20         29.47     0.88 (0.74 to 1.05)        
 Koopman, 1993/b              5/29              13/30         13.44     0.40 (0.16 to 0.97)        
 Rollo, 1995/a                1/35               0/38          1.79     3.25 (0.14 to 77.25)       
 Spark, 1997                  3/23              26/27         11.00     0.14 (0.05 to 0.39)        

Subtotal (95% CI) 142                 152 100.00     0.56 (0.29 to 1.08)
Total events: 45 (cell salvage), 88 (control)
Test for heterogeneity: �2 = 38.75, df = 5 (p < 0.00001), I2  = 87.1%
Test for overall effect: z = 1.73 (p = 0.08)
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Units of allogeneic blood transfused, cell salvage versus control, all
studies

Review: Cell salvage for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 01 Cell Salvage – Blood Transfused (All studies)                                                              
Outcome: 06 Units of Allogeneic Blood Transfused (All Studies)

Study  Cell salvage  Control  WMD (random)  Weight  WMD (random)
or subcategory N mean (SD) N mean (SD)  95% CI  %  95% CI

Schaff, 1978             63      2.40 (2.38)                  51      4.80 (4.28)       2.02     –2.40 (–3.71 to –1.09)      
Davies, 1987             25      4.00 (3.40)                  25      5.50 (5.80)       0.64     –1.50 (–4.14 to 1.14)       
Dietrich, 1989           25      1.36 (1.86)                  25      2.78 (2.00)       2.65     –1.42 (–2.49 to –0.35)      
Lepore, 1989             67      2.70 (2.80)                  68      3.30 (2.70)       3.14     –0.60 (–1.53 to 0.33)       
Page, 1989               48      3.15 (2.05)                  51      3.83 (2.58)       3.19     –0.68 (–1.60 to 0.24)       
Elawad, 1991             20      0.69 (0.87)                  20      2.73 (0.88)       4.95     –2.04 (–2.58 to –1.50)      
Parrot, 1991             22      1.38 (1.50)                  22      2.18 (1.29)       3.55     –0.80 (–1.63 to 0.03)       
Shirvani, 1991           21      2.57 (1.73)                  21      2.54 (0.95)       3.47       0.03 (–0.81 to 0.87)       
Slagis, 1991             51      0.80 (1.15)                  51      1.49 (1.44)       5.15     –0.69 (–1.20 to –0.18)      
Heddle, 1992             39      0.40 (0.80)                  40      1.20 (1.00)       5.74     –0.80 (–1.20 to –0.40)      
Kelley, 1993             18      0.33 (0.69)                  18      0.22 (0.55)       5.69       0.11 (–0.30 to 0.52)       
Koopman, 1993/a          17      4.90 (3.40)                  20      6.20 (6.00)       0.48     –1.30 (–4.39 to 1.79)       
Koopman, 1993/b          29      0.30 (0.80)                  30      1.10 (1.40)       4.75     –0.80 (–1.38 to –0.22)      
Laub, 1993               19      0.64 (1.16)                  19      1.30 (1.45)       3.51     –0.66 (–1.49 to 0.17)       
Schonberger, 1993        20      0.10 (1.34)                  20      0.60 (1.34)       3.53     –0.50 (–1.33 to 0.33)       
Axford, 1994             16      1.67 (1.95)                  16      2.19 (2.25)       1.73     –0.52 (–1.98 to 0.94)       
Bouboulis, 1994          42      1.88 (1.50)                  33      2.20 (2.00)       3.58     –0.32 (–1.14 to 0.50)       
Simpson, 1994            12      0.00 (0.00)                  12      0.00 (0.00)             Not estimable         
Ekback, 1995             15      1.90 (1.55)                  15      2.70 (1.16)       2.95     –0.80 (–1.78 to 0.18)       
Fragnito, 1995           41      2.43 (0.80)                  41      2.47 (0.90)       5.90     –0.04 (–0.41 to 0.33)       
Zhao, 1996               22      3.60 (2.40)                  20      5.90 (3.48)       1.21     –2.30 (–4.13 to –0.47)      
Adalberth, 1998          24      0.75 (1.11)                  25      0.88 (1.27)       4.29     –0.13 (–0.80 to 0.54)       
Clagett, 1999            50      2.10 (2.10)                  50      2.30 (2.10)       3.56     –0.20 (–1.02 to 0.62)       
Dalrymple-Hay, 1999      56      0.99 (1.22)                  56      1.69 (1.22)       5.45     –0.70 (–1.15 to –0.25)      
Martin, 2000             98      1.80 (0.70)                100      2.20 (0.50)       6.78     –0.40 (–0.57  to –0.23)     
McGill, 2002             84      0.68 (1.55)                  84      1.07 (1.56)       5.35     –0.39 (–0.86 to 0.08)       
Zhao, 2003               30      1.20 (0.27)                  30      2.22 (0.40)       6.77     –1.02 (–1.19 to –0.85)      

Total (95% CI)    974                                        963 100.00     –0.67 (–0.89 to –0.45)
Test for heterogeneity: �2 = 96.60, df = 25 (p < 0.00001), I2 = 74.1%
Test for overall effect: z = 5.92 (p < 0.00001)
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Units of allogeneic blood transfused, cell salvage versus control,
transfusion protocol

Review: Cell salvage for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 01 Cell Salvage – Blood Transfused (All studies)
Outcome: 07 Units of Allogeneic Blood Transfused (Transfusion Protocol)

Study Cell salvage Control  WMD (random)  Weight WMD (random)
or subcategory N mean (SD) N mean (SD)  95% CI  %  95% CI

01 Transfusion Protocol
Davies, 1987             25      4.00 (3.40)          25      5.50 (5.80)        0.72    –1.50 (–4.14 to 1.14)       
Dietrich, 1989           25      1.36 (1.86)          25      2.78 (2.00)       2.99    –1.42 (–2.49 to –0.35)      
Page, 1989               48      3.15 (2.05)          51      3.83 (2.58)       3.60    –0.68 (–1.60 to 0.24)       
Elawad, 1991             20      0.69 (0.87)          20      2.73 (0.88)       5.59    –2.04 (–2.58 to –1.50)      
Parrot, 1991             22      1.38 (1.50)          22      2.18 (1.29)       4.00    –0.80 (–1.63 to 0.03)       
Shirvani, 1991           21      2.57 (1.73)          21      2.54 (0.95)       3.92      0.03 (–0.81 to 0.87)       
Heddle, 1992             39      0.40 (0.80)          40      1.20 (1.00)       6.48    –0.80 (–1.20 to –0.40)      
Kelley, 1993             18      0.33 (0.69)          18      0.22 (0.55)       6.43      0.11 (–0.30 to 0.52)       
Koopman, 1993/a          17      4.90 (3.40)          20      6.20 (6.00)       0.54    –1.30 (–4.39 to 1.79)       
Koopman, 1993/b          29      0.30 (0.80)          30      1.10 (1.40)       5.36    –0.80 (–1.38 to –0.22)      
Laub, 1993               19      0.64 (1.16)          19      1.30 (1.45)       3.96    –0.66 (–1.49 to 0.17)       
Schonberger, 1993        20      0.10 (1.34)          20      0.60 (1.34)       3.99    –0.50 (–1.33 to 0.33)       
Axford, 1994             16      1.67 (1.95)          16      2.19 (2.25)       1.95    –0.52 (–1.98 to 0.94)       
Bouboulis, 1994          42      1.88 (1.50)          33      2.20 (2.00)       4.04    –0.32 (–1.14 to 0.50)       
Simpson, 1994            12      0.00 (0.00)          12      0.00 (0.00)             Not estimable         
Ekback, 1995             15      1.90 (1.55)          15      2.70 (1.16)       3.33    –0.80 (–1.78 to 0.18)       
Fragnito, 1995           41      2.43 (0.80)          41      2.47 (0.90)       6.67    –0.04 (–0.41 to 0.33)       
Adalberth, 1998          24      0.75 (1.11)          25      0.88 (1.27)       4.85    –0.13 (–0.80 to 0.54)       
Clagett, 1999            50      2.10 (2.10)          50      2.30 (2.10)       4.02    –0.20 (–1.02 to 0.62)       
Dalrymple-Hay, 1999      56      0.99 (1.20)          56      1.69 ( 1.20)       6.20    –0.70 (–1.14 to –0.26)      
Martin, 2000             98      1.80 (0.70)        100      2.20 (0.50)       7.66    –0.40 (–0.57 to –0.23)      
McGill, 2002             84      0.68 (1.55)          84      1.07 (1.56)       6.04    –0.39 (–0.86 to 0.08)       
Zhao, 2003               30      1.20 (0.27)          30      2.22 (0.40)       7.65    –1.02 (–1.19 to –0.85)      

Subtotal (95% CI)    771                               773 100.00    –0.61 (–0.84 to –0.37)
Test for heterogeneity: �2 = 86.44, df = 21 (p < 0.00001), I2 = 75.7%
Test for overall effect: z = 5.10 (p < 0.00001)

02 No Transfusion Protocol
Schaff, 1978             63      2.40 (2.38)          51      4.80 (4.28)      17.50    –2.40 (–3.71 to –1.09)      
Lepore, 1989             67      2.70 (2.80)          68      3.30 (2.70)      27.26    –0.60 (–1.53 to 0.33)       
Slagis, 1991             51      0.80 (1.15)          51      1.49 (1.44)      44.74    –0.69 (–1.20 to –0.18)      
Zhao, 1996               22      3.60 (2.40)          20      5.90 (3.48)      10.51    –2.30 (–4.13 to –0.47)      
Subtotal (95% CI)    203                               190 100.00    –1.26 (–2.11 to –0.40)
Test for heterogeneity: �2 = 8.32, df = 3 (p = 0.04), I2 = 64.0%
Test for overall effect: z = 2.89 (p = 0.004)
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Units of allogeneic blood transfused, cell salvage versus control, type of
surgery

Review: Cell salvage for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 01 Cell Salvage – Blood Transfused (All studies)
Outcome: 08 Units of  Allogeneic Blood Transfused (Type of Surgery)

Study  Cell salvage Control WMD (random) Weight WMD (random)
or subcategory N mean (SD) N mean (SD)  95% CI  % 95% CI

01 Cardiac
Schaff, 1978             63      2.40 (2.38)          51      4.80 (4.28)       3.23    –2.40 (–3.71 to –1.09)      
Dietrich, 1989           25      1.36 (1.86)          25      2.78 (2.00)       4.25    –1.42 (–2.49 to –0.35)      
Lepore, 1989             67      2.70 (2.80)          68      3.30 (2.70)       5.04    –0.60 (–1.53 to 0.33)       
Page, 1989               48      3.15 (2.05)          51      3.83 (2.58)       5.11    –0.68 (–1.60 to 0.24)       
Parrot, 1991             22      1.38 (1.50)          22      2.18 (1.29)       5.69    –0.80 (–1.63 to 0.03)       
Shirvani, 1991           21      2.57 (1.73)          21      2.54 (0.95)       5.57      0.03 (–0.81 to 0.87)       
Koopman, 1993/a          17      4.90 (3.40)          20      6.20 (6.00)       0.76    –1.30 (–4.39 to 1.79)       
Laub, 1993               19      0.64 (1.16)          19      1.30 (1.45)       5.63    –0.66 (–1.49 to 0.17)       
Schonberger, 1993        20      0.10 (1.34)          20      0.60 (1.34)       5.66    –0.50 (–1.33 to 0.33)       
Axford, 1994             16      1.67 (1.95)          16      2.19 (2.25)       2.77    –0.52 (–1.98 to 0.94)       
Bouboulis, 1994          42      1.88 (1.50)          33      2.20 (2.00)       5.74    –0.32 (–1.14 to 0.50)       
Fragnito, 1995           41      2.43 (0.80)          41      2.47 (0.90)       9.47    –0.04 (–0.41 to 0.33)       
Zhao, 1996               22      3.60 (2.40)          20      5.90 (3.48)       1.94    –2.30 (–4.13 to –0.47)      
Dalrymple-Hay, 1999      56      0.99 (1.20)          56      1.69 (1.20)       8.81    –0.70 (–1.14 to –0.26)      
Martin, 2000             98      1.80 (0.70)         100      2.20 (0.50)      10.88    –0.40 (–0.57 to –0.23)      
McGill, 2002             84      0.68 (1.55)          84      1.07 (1.56)       8.58    –0.39 (–0.86 to 0.08)       
Zhao, 2003               30      1.20 (0.27)          30      2.22 (0.40)      10.87    –1.02 (–1.19 to –0.85)      

Subtotal (95% CI)    691                              677 100.00    –0.64 (–0.90 to –0.39)
Test for heterogeneity: �2 = 53.21, df = 16 (p < 0.00001), I2 = 69.9%
Test for overall effect: z = 4.92 (p < 0.00001)

02 Orthopaedic
Elawad, 1991             20      0.69 (0.87)          20      2.73 (0.88)      17.79    –2.04 (–2.58 to –1.50)      
Slagis, 1991             51      0.80 (1.15)          51      1.49 (1.44)      18.51    –0.69 (–1.20 to –0.18)      
Heddle, 1992             39      0.40 (0.80)          40      1.20 (1.00)      20.62    –0.80 (–1.20 to –0.40)      
Koopman, 1993/b          29      0.30 (0.80)          30      1.10 (1.40)      17.06    –0.80 (–1.38 to –0.22)      
Simpson, 1994            12      0.00 (0.00)          12      0.00 (0.00)             Not estimable         
Ekback, 1995             15      1.90 (1.55)          15      2.70 (1.16)      10.60    –0.80 (–1.78 to 0.18)       
Adalberth, 1998          24      0.75 (1.11)          25      0.88 (1.27)      15.42    –0.13 (–0.80 to 0.54)       

Subtotal (95% CI)    190                                193 100.00    –0.89 (–1.40 to –0.39)
Test for heterogeneity: �2 = 23.13, df = 5 (p = 0.0003), I2 = 78.4%
Test for overall effect: z = 3.47 (p = 0.0005)

03 Vascular
Davies, 1987             25      4.00 (3.40)          25      5.50 (5.80)       6.44    –1.50 (–4.14 to 1.14)       
Kelley, 1993             18      0.33 (0.69)          18      0.22 (0.55)      57.55      0.11 (–0.30 to 0.52)       
Clagett, 1999            50      2.10 (2.10)          50      2.30 (2.10)      36.00    –0.20 (–1.02 to 0.62)       

Subtotal (95% CI)     93                                 93 100.00      0.02 (–0.34 to 0.38)
Test for heterogeneity: �2 = 1.74, df = 2 (p = 0.42), I2 = 0%
Test for overall effect: z = 0.11 (p = 0.91)
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Relative risk of exposure to allogeneic blood, cell salvage versus
control, type of cell salvage, cardiac surgery

Review: Cell salvage for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 02 Cell Salvage – Blood Transfused (Washed vs Unwashed)
Outcome: 01 No. Exposed Allogeneic Blood (Cardiac)

Study Cell Salvage Control RR (random)  Weight  RR (random)
or subcategory n/N n/N 95% CI  %  95% CI

01 Washed
 Dietrich, 1989             17/25                  22/25         14.43      0.77 (0.57 to 1.05)        
 Parrot, 1991               13/22                  19/22         12.30      0.68 (0.47 to 1.01)        
 Koopman, 1993/a            15/17                  20/20         18.00      0.88 (0.74 to 1.05)        
 Laub, 1993                   5/19                  13/19          5.19      0.38 (0.17 to 0.87)        
 Tempe, 1996                11/50                  43/50          9.01      0.26 (0.15 to 0.44)        
 Dalrymple-Hay, 1999        28/56                  46/56         14.88      0.61 (0.46 to 0.81)        
 Tempe, 2001                12/20                  20/20         13.01      0.60 (0.42 to 0.86)        
 McGill, 2002               26/84                  43/84         12.39      0.60 (0.41 to 0.89)        
 Naumenko, 2003               2/32                    1/33          0.80      2.06 (0.20 to 21.64)       

Subtotal (95% CI) 325                     329 100.00      0.61 (0.46 to 0.80)
Total events: 129 (cell salvage), 227 (control)
Test for heterogeneity: �2 = 38.31, df = 8 (p < 0.00001), I2 = 79.1%
Test for overall effect: z = 3.50 (p = 0.0005)

02 Unwashed
 Thurer, 1979               37/54                  40/59          8.02      1.01 (0.79 to 1.30)        
 Lepore, 1989               50/67                  62/68          9.26      0.82 (0.70 to 0.96)        
 Page, 1989                 42/48                  45/51          9.39      0.99 (0.86 to 1.15)        
 Eng, 1990                  17/20                  17/20          7.90      1.00 (0.77 to 1.30)        
 Shirvani, 1991             20/21                  21/21          9.88      0.95 (0.87 to 1.05)        
 Schonberger, 1993            1/20                    4/20          0.50      0.25 (0.03 to 2.05)        
 Ward, 1993                  15/18                   8/17          4.43      1.77 (1.03 to 3.05)        
 Axford, 1994                10/16                 14/16          5.74      0.71 (0.47 to 1.09)        
 Bouboulis, 1994             34/42                 28/33          8.65      0.95 (0.78 to 1.17)        
 Fragnito, 1995              17/41                 27/41          5.70      0.63 (0.41 to 0.96)        
 Schmidt, 1996               15/53                 31/56          4.99      0.51 (0.31 to 0.83)        
 Unsworth, 1996              32/36                 31/34          9.28      0.97 (0.83 to 1.14)        
 Martin, 2000                54/98                 73/100         8.53      0.75 (0.61 to 0.94)        
 Zhao, 2003                  19/30                 30/30          7.73      0.63 (0.48 to 0.83)        

Subtotal (95% CI) 564                 566 100.00      0.87 (0.78 to 0.97)
Total events: 363 (cell salvage), 431 (control)
Test for heterogeneity: �2 = 40.07, df = 13 (p = 0.0001), I2 = 67.6%
Test for overall effect: z = 2.44 (p = 0.01)
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Relative risk of exposure to allogeneic blood, cell salvage versus
control, active versus control, all studies

Review: Cell salvage for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 03 Cell Salvage – Blood Transfused (Active vs Control)
Outcome: 01 No. Exposed to Allogeneic Blood (Active vs Control)

Study Cell salvage Control RR (random) Weight RR (random)
or subcategory n/N n/N 95% CI  %  95% CI

01 Cell Salvage vs Control
 Lepore, 1989               50/67                  62/68          4.92      0.82 (0.70 to 0.96)        
 Eng 1990                  17/20                  17/20          4.70      1.00 (0.77 to 1.30)        
 Elawad, 1991                 6/20                  18/20          3.29      0.33 (0.17 to 0.66)        
 Lorentz, 1991                8/16                  10/15          3.56      0.75 (0.41 to 1.38)        
 Majowski, 1991               7/20                  19/20          3.57      0.37 (0.20 to 0.68)        
 Parrot, 1991               13/21                  22/22          4.49      0.62 (0.44 to 0.87)        
 Shirvani, 1991             20/21                  21/21          5.01      0.95 (0.87 to 1.05)        
 Heddle, 1992               10/39                  27/40          3.67      0.38 (0.21 to 0.68)        
 Kelley, 1993                 4/18                    3/18          1.65      1.33 (0.35 to 5.13)        
 Koopman, 1993/a            15/17                  20/20          4.90      0.88 (0.74 to 1.05)        
 Koopman, 1993/b              5/29                  13/30          2.64      0.40 (0.16 to 0.97)        
 Laub, 1993                   5/19                  13/19          2.89      0.38 (0.17 to 0.87)        
 Ward, 1993                 15/18                    8/17          3.78      1.77 (1.03 to 3.05)        
 Bouboulis, 1994            34/42                  28/33          4.83      0.95 (0.78 to 1.17)        
 Rosencher, 1994              6/20                    6/10          2.80      0.50 (0.22 to 1.16)        
 Schmidt, 1996              15/53                  31/56          3.98      0.51 (0.31 to 0.83)        
 Unsworth, 1996             32/36                  31/34          4.93      0.97 (0.83 to 1.14)        
 Newman, 1997                 3/35                  28/35          2.14      0.11 (0.04 to 0.32)        
 Shenolikar, 1997             8/50                  40/50          3.41      0.20 (0.10 to 0.38)        
 Spark, 1997                  3/23                  26/27          2.22      0.14 (0.05 to 0.39)        
 Adalberth, 1998              8/24                  10/25          3.11      0.83 (0.40 to 1.75)        
 Clagett, 1999              33/50                  36/50          4.69      0.92 (0.70 to 1.19)        
 Dalrymple-Hay, 1999        28/56                  46/56          4.62      0.61 (0.46 to 0.81)        
 Sait, 1999                   1/60                  35/60          0.94      0.03 (0.00 to 0.20)        
 Thomas, 2001               12/115                33/116         3.56      0.37 (0.20 to 0.67)        
 McGill, 2002               26/84                  43/84          4.34      0.60 (0.41 to 0.89)        
 Naumenko, 2003               2/32                    1/33          0.69      2.06 (0.20 to 21.64)       
 Zhao, 2003                 19/30                  30/30          4.67      0.63 (0.48 to 0.83)        

Subtotal (95% CI) 1035                   1029 100.00      0.59 (0.48 to 0.73)
Total events: 405 (cell salvage), 677 (control)
Test for heterogeneity: �2 = 287.73, df = 27 (p < 0.00001), I2 = 90.6%
Test for overall effect: z = 4.84 (p < 0.00001)

 0.01  0.1  1  10  100
 Favours cell salvage  Favours control



Health Technology Assessment 2006; Vol. 10: No. 44

155

© Queen’s Printer and Controller of HMSO 2006. All rights reserved.

Relative risk of exposure to allogeneic blood, cell salvage versus
control, active versus control, transfusion protocol

Review: Cell salvage for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 03 Cell Salvage – Blood Transfused (Active vs Control) 
Outcome: 02 No. Exposed to Allogeneic Blood (Transfusion Protocol)

Study  Cell salvage  Control  RR (random)  Weight  RR (random)
or subcategory  n/N  n/N  95% CI  %  95% CI

01 Transfusion Protocol
 Eng,1990                  17/20                 17/20          5.15      1.00 (0.77 to 1.30)        
 Elawad, 1991                 6/20                 18/20          3.61      0.33 (0.17 to 0.66)        
 Lorentz, 1991                8/16                 10/15          3.90      0.75 (0.41 to 1.38)        
 Majowski, 1991               7/20                 19/20          3.91      0.37 (0.20 to 0.68)        
 Parrot, 1991               13/21                 22/22          4.91      0.62 (0.44 to 0.87)        
 Shirvani, 1991             20/21                 21/21          5.49      0.95 (0.87 to 1.05)        
 Heddle, 1992               10/39                 27/40          4.02      0.38 (0.21 to 0.68)        
 Kelley, 1993                 4/18                   3/18          1.80      1.33 (0.35 to 5.13)        
 Koopman, 1993/a            15/17                 20/20          5.36      0.88 (0.74 to 1.05)        
 Koopman, 1993/b              5/29                 13/30          2.89      0.40 (0.16 to 0.97)        
 Laub, 1993                   5/19                 13/19          3.16      0.38 (0.17 to 0.87)        
 Ward, 1993                 15/18                   8/17          4.14      1.77 (1.03 to 3.05)        
 Bouboulis, 1994            34/42                 28/33          5.29      0.95 (0.78 to1.17)        
 Rosencher, 1994              6/20                   6/10          3.07      0.50 (0.22 to1.16)        
 Schmidt, 1996              15/53                 31/56          4.36      0.51 (0.31 to 0.83)        
 Unsworth, 1996             32/36                 31/34          5.40      0.97 (0.83 to 1.14)        
 Shenolikar, 1997             8/50                 40/50          3.74      0.20 (0.10 to 0.38)        
 Spark, 1997                  3/23                 26/27          2.43      0.14 (0.05 to 0.39)        
 Adalberth, 1998              8/24                  10/25          3.40      0.83 (0.40 to 1.75)        
 Clagett, 1999              33/50                 36/50          5.14      0.92 (0.70 to 1.19)        
 Dalrymple-Hay, 1999        28/56                 46/56          5.06      0.61 (0.46 to 0.81)        
 Thomas, 2001               12/115               33/116         3.90      0.37 (0.20 to 0.67)        
 McGill, 2002               26/84                 43/84          4.75      0.60 (0.41 to 0.89)        
 Zhao, 2003                 19/30                 30/30          5.11      0.63 (0.48 to 0.83)        

Subtotal (95% CI) 841                    833 100.00      0.63 (0.51 to 0.77)
Total events: 349 (cell salvage), 551 (control)
Test for heterogeneity: �2 = 211.13, df = 23 (p < 0.00001), I2 = 89.1%
Test for overall effect: z = 4.45 (p < 0.00001)

02 No Transfusion Protocol
 Lepore, 1989               50/67              62/68         56.65      0.82 (0.70 to 0.96)        
 Newman, 1997                 3/35              28/35         24.56      0.11 (0.04 to 0.32)        
 Sait, 1999                   1/60              35/60         10.83      0.03 (0.00 to 0.20)        
 Naumenko, 2003               2/32                1/33          7.95      2.06 (0.20 to 21.64)       

Subtotal (95% CI) 194                 196 100.00      0.27 (0.02 to 4.08)
Total events: 56 (cell salvage), 126 (control)
Test for heterogeneity: �2 = 71.18, df = 3 (p < 0.00001), I2 = 95.8%
Test for overall effect: z = 0.95 (p = 0.34)
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Relative risk of exposure to allogeneic blood, cell salvage versus
control, active versus control, type of surgery

Review: Cell salvage for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 03 Cell Salvage – Blood Transfused (Active vs Control) 
Outcome: 03 No. Exposed to Allogeneic Blood (Type of Surgery) 

Study  Cell Salvage  Control  RR (random)  Weight  RR (random)
or subcategory  n/N  n/N  95% CI  %  95% CI

01 Cardiac
 Lepore, 1989               50/67                  62/68          8.38      0.82 (0.70 to 0.96)        
 Eng, 1990                  17/20                  17/20          8.00      1.00 (0.77 to 1.30)        
 Parrot, 1991               13/21                  22/22          7.64      0.62 (0.44 to 0.87)        
 Shirvani, 1991             20/21                  21/21          8.53      0.95 (0.87 to 1.05)        
 Koopman, 1993/a            15/17                  20/20          8.33      0.88 (0.74 to 1.05)        
 Laub, 1993                   5/19                  13/19          4.91      0.38 (0.17 to 0.87)        
 Ward, 1993                 15/18                    8/17          6.43      1.77 (1.03 to 3.05)        
 Bouboulis, 1994            34/42                  28/33          8.22      0.95 (0.78 to 1.17)        
 Schmidt, 1996              15/53                  31/56          6.77      0.51 (0.31 to 0.83)        
 Unsworth, 1996             32/36                  31/34          8.39      0.97 (0.83 to 1.14)        
 Dalrymple-Hay, 1999        28/56                  46/56          7.87      0.61 (0.46 to 0.81)        
 McGill, 2002               26/84                  43/84          7.39      0.60 (0.41 to 0.89)        
 Naumenko, 2003               2/32                    1/33          1.18      2.06 (0.20 to 21.64)       
 Zhao, 2003                 19/30                  30/30          7.95      0.63 (0.48 to 0.83)        

Subtotal (95% CI) 516                     513 100.00      0.81 (0.70 to 0.93)
Total events: 291 (cell salvage), 373 (control)
Test for heterogeneity: �2 = 61.70, df = 13 (p < 0.00001), I2 = 78.9%
Test for overall effect: z = 2.90 (p = 0.004)

02 Orthopaedic
 Elawad, 1991                 6/20                  18/20         10.08      0.33 (0.17, 0.66)        
 Lorentz, 1991                8/16                  10/15         10.90      0.75 (0.41, 1.38)        
 Majowski, 1991               7/20                  19/20         10.91      0.37 (0.20, 0.68)        
 Heddle, 1992               10/39                  27/40         11.23      0.38 (0.21, 0.68)        
 Koopman, 1993/b              5/29                  13/30          8.07      0.40 (0.16, 0.97)        
 Rosencher, 1994              6/20                    6/10          8.58      0.50 (0.22, 1.16)        
 Newman, 1997                 3/35                  28/35          6.53      0.11 (0.04, 0.32)        
 Shenolikar, 1997             8/50                  40/50         10.44      0.20 (0.10, 0.38)        
 Adalberth, 1998              8/24                  10/25          9.50      0.83 (0.40, 1.75)        
 Sait, 1999                   1/60                  35/60          2.88      0.03 (0.00, 0.20)        
 Thomas, 2001               12/115                33/116        10.88      0.37 (0.20, 0.67)        

Subtotal (95% CI) 428                     421 100.00      0.35 (0.24, 0.52)
Total events: 74 (cell salvage), 239 (control)
Test for heterogeneity: �2 = 29.87, df = 10 (p = 0.0009), I2 = 66.5%
Test for overall effect: z = 5.25 (p < 0.00001)

03 Vascular
 Kelley, 1993                 4/18                    3/18         19.23      1.33 (0.35, 5.13)        
 Spark, 1997                  3/23                  26/27         25.94      0.14 (0.05, 0.39)        
 Clagett, 1999              33/50                  36/50         54.83      0.92 (0.70, 1.19)        

Subtotal (95% CI) 91                       95 100.00      0.55 (0.13, 2.36)
Total events: 40 (cell salvage), 65 (control)
Test for heterogeneity: �2 = 16.58, df = 2 (p = 0.0003), I2 = 87.9%
Test for overall effect: z = 0.80 (p = 0.42)
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Relative risk of exposure to allogeneic blood, cell salvage versus
control, active versus control, type of cell salvage

      33/50                   36/50        

Review: Cell salvage for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 03 Cell Salvage – Blood Transfused (Active vs Control)
Outcome: 04 No. Exposed to Allogeneic Blood (Washed vs Unwashed)

Study  Cell Salvage  Control  RR (random)  Weight  RR (random)
or subcategory  n/N  n/N  95% CI  %  95% CI

01 Washed
 Elawad, 1991                 6/20                   18/20          6.85      0.33 (0.17 to 0.66)        
 Lorentz, 1991                8/16                   10/15          7.50      0.75 (0.41 to 1.38)        
 Parrot, 1991               13/21                   22/22          9.85      0.62 (0.44 to 0.87)        
 Kelley, 1993                 4/18                     3/18          3.19      1.33 (0.35 to 5.13)        
 Koopman, 1993/a            15/17                   20/20         10.96      0.88 (0.74 to 1.05)        
 Koopman, 1993/b              5/29                   13/30          5.33      0.40 (0.16 to 0.97)        
 Laub, 1993                   5/19                   13/19          5.90      0.38 (0.17 to 0.87)        
 Shenolikar, 1997             8/50                   40/50          7.14      0.20 (0.10 to 0.38)        
 Spark, 1997                  3/23                   26/27          4.41      0.14 (0.05 to 0.39)        
 Clagett, 1999         10.40      0.92 (0.70 to 1.19)        
 Dalrymple-Hay, 1999        28/56                   46/56         10.22      0.61 (0.46 to 0.81)        
 Thomas, 2001               12/115                 33/116         7.49      0.37 (0.20 to 0.67)        
 McGill, 2002               26/84                   43/84          9.47      0.60 (0.41 to 0.89)        
 Naumenko, 2003               2/32                     1/33          1.29      2.06 (0.20 to 21.64)      

Subtotal (95% CI) 550                      560 100.00      0.53 (0.39 to 0.72)
Total events: 168 (cell salvage), 324 (control)
Test for heterogeneity: �2 = 75.19, df = 13 (p < 0.00001), I2 = 82.7%
Test for overall effect: z = 4.09 (p < 0.0001)

02 Unwashed
 Lepore, 1989               50/67                   62/68          9.76      0.82 (0.70 to 0.96)        
 Eng, 1990                  17/20                   17/20          9.22      1.00 (0.77 to 1.30)        
 Majowski, 1991               7/20                   19/20          6.64      0.37 (0.20 to 0.68)        
 Shirvani, 1991             20/21                   21/21          9.98      0.95 (0.87 to 1.05)        
 Heddle, 1992               10/39                   27/40          6.86      0.38 (0.21 to 0.68)        
 Ward, 1993                 15/18                     8/17          7.10      1.77 (1.03 to 3.05)        
 Bouboulis, 1994            34/42                   28/33          9.53      0.95 (0.78 to 1.17)        
 Rosencher, 1994              6/20                     6/10          5.05      0.50 (0.22 to 1.16)        
 Schmidt, 1996              15/53                   31/56          7.54      0.51 (0.31 to 0.83)        
 Unsworth, 1996             32/36                   31/34          9.77      0.97 (0.83 to 1.14)        
 Newman, 1997                 3/35                   28/35          3.74      0.11 (0.04 to 0.32)        
 Adalberth, 1998              8/24                   10/25          5.67      0.83 (0.40 to 1.75)        
 Zhao, 2003                 19/30                   30/30          9.14      0.63 (0.48 to 0.83)        

Subtotal (95% CI) 425                      409 100.00      0.73 (0.58 to 0.91)
Total events: 236 (cell salvage), 318 (control)
Test for heterogeneity: �2 = 103.26, df = 12 (p < 0.00001), I2 = 88.4%
Test for overall effect: z = 2.77 (p = 0.006)
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Relative risk of exposure to allogeneic blood, cell salvage versus
control, active versus control, timing of cell salvage

Review: Cell salvage for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 03 Cell Salvage – Blood Transfused (Active vs Control) 
Outcome: 05 No. Exposed to Allogeneic Blood (Timing)

Study  Cell Salvage  Control  RR (random)  Weight  RR (random)
or subcategory  n/N  n/N  95% CI  %  95% CI

01 Intra-operative
 Elawad, 1991                 6/20                    18/20         19.54      0.33 (0.17 to 0.66)        
 Kelley, 1993                 4/18                      3/18          9.76      1.33 (0.35 to 5.13)        
 Laub, 1993                   5/19                    13/19         17.12      0.38 (0.17 to 0.87)        
 Clagett, 1999              33/50                    36/50         27.83      0.92 (0.70 to 1.19)        
 McGill, 2002               26/84                    43/84         25.75      0.60 (0.41 to 0.89)        

Subtotal (95% CI) 191                       191 100.00      0.61 (0.39 to 0.95)
Total events: 74 (cell salvage), 113 (control)
Test for heterogeneity: �2 = 12.87, df = 4 (p = 0.01), I2 = 68.9%
Test for overall effect: z = 2.19 (p = 0.03)

02 Post-operative
 Lepore, 1989               50/67                    62/68          7.54      0.82 (0.70 to 0.96)        
 Eng, 1990                  17/20                    17/20          7.19      1.00 (0.77 to 1.30)        
 Majowski, 1991               7/20                    19/20          5.46      0.37 (0.20 to 0.68)        
 Shirvani, 1991             20/21                    21/21          7.67      0.95 (0.87 to 1.05)        
 Heddle, 1992               10/39                    27/40          5.62      0.38 (0.21 to 0.68)        
 Ward, 1993                 15/18                      8/17          5.79      1.77 (1.03 to 3.05)        
 Bouboulis, 1994            34/42                    28/33          7.39      0.95 (0.78 to 1.17)        
 Rosencher, 1994              6/20                      6/10          4.29      0.50 (0.22 to 1.16)        
 Schmidt, 1996              15/53                    31/56          6.09      0.51 (0.31 to 0.83)        
 Unsworth, 1996             32/36                    31/34          7.54      0.97 (0.83 to 1.14)        
 Newman, 1997                 3/35                    28/35          3.27      0.11 (0.04 to 0.32)        
 Shenolikar, 1997             8/50                    40/50          5.22      0.20 (0.10 to 0.38)        
 Adalberth, 1998              8/24                    10/25          4.75      0.83 (0.40 to 1.75)        
 Dalrymple-Hay, 1999        28/56                    46/56          7.08      0.61 (0.46 to 0.81)        
 Sait, 1999                   1/60                    35/60          1.44      0.03 (0.00 to 0.20)        
 Thomas, 2001               12/115                  33/116         5.45      0.37 (0.20 to 0.67)        
 Naumenko, 2003               2/32                      1/33          1.06      2.06 (0.20 to 21.64)      
 Zhao, 2003                 19/30                    30/30          7.15      0.63 (0.48 to 0.83)        

Subtotal (95% CI) 738                       724 100.00      0.60 (0.45 to 0.79)
Total events: 287 (cell salvage), 473 (control)
Test for heterogeneity: �2 = 246.59, df = 17 (p < 0.00001), I2 = 93.1%
Test for overall effect: z = 3.61 (p = 0.0003)

03 Both
 Lorentz, 1991                8/16                    10/15         20.01      0.75 (0.41 to 1.38)        
 Parrot, 1991               13/21                    22/22         25.20      0.62 (0.44 to 0.87)        
 Koopman, 1993/a            15/17                    20/20         27.50      0.88 (0.74 to 1.05)        
 Koopman, 1993/b              5/29                    13/30         14.82      0.40 (0.16 to 0.97)        
 Spark, 1997                  3/23                    26/27         12.47      0.14 (0.05 to 0.39)        

Subtotal (95% CI) 106                       114 100.00      0.52 (0.26 to 1.01)
Total events: 44 (cell salvage), 91 (control)
Test for heterogeneity: �2 = 43.39, df = 4 (p < 0.00001), I2 = 90.8%
Test for overall effect: z = 1.94 (p = 0.05)
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Units of allogeneic blood transfused, cell salvage versus control,
transfusion protocol

Review: Cell salvage for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 03 Cell Salvage – Blood Transfused (Active vs Control)
Outcome: 06 Units Allogeneic Blood Transfused (Active vs Control)

Study  Cell salvage  Control  WMD (random)  Weight  WMD (random)
or subcategory N mean (SD) N mean (SD)  95% CI  %  95% CI

01 Cell Salvage vs Control
Schaff,1978             63      2.40 (2.38)          51      4.80 (4.28)       3.70     –2.40 (–3.71 to –1.09)      
Davies, 1987             25      4.00 (3.40)          25      5.50 (5.80)       1.34     –1.50 (–4.14 to 1.14)       
Lepore, 1989             67      2.70 (2.80)          68      3.30 (2.70)       5.22     –0.60 (–1.53 to 0.33)       
Elawad, 1991             20      0.69 (0.87)          20      2.70 (0.88)       7.15     –2.01 (–2.55 to –1.47)      
Parrot, 1991             21      1.38 (1.50)          22      4.50 (1.75)       5.02     –3.12 (–4.09 to –2.15)      
Shirvani, 1991           21      2.57 (1.73)          21      2.54 (0.95)       5.62       0.03 (–0.81 to 0.87)       
Heddle, 1992             39      0.40 (0.80)          40      1.20 (1.00)       7.84     –0.80 (–1.20 to –0.40)      
Kelley, 1993             18      0.33 (0.69)          18      0.22 (0.55)       7.80       0.11 (–0.30 to 0.52)       
Koopman, 1993/a          17      4.90 (3.40)          20      6.20 (6.00)       1.02     –1.30 (–4.39 to 1.79)       
Koopman, 1993/b          29      0.30 (0.80)          30      1.10 (1.40)       6.96     –0.80 (–1.38 to –0.22)      
Laub, 1993               19      0.64 (1.16)          19      1.30 (1.45)       5.67     –0.66 (–1.49 to 0.17)       
Bouboulis, 1994          42      1.88 (1.50)          33      2.20 (2.00)       5.74     –0.32 (–1.14 to 0.50)       
Ekback, 1995             15      1.90 (1.55)          15      2.70 (1.16)       4.99     –0.80 (–1.78 to 0.18)       
Zhao, 1996               22      3.60 (2.40)          20      5.90 (3.48)       2.40     –2.30 (–4.13 to –0.47)      
Clagett, 1999            50      2.10 (2.10)          50      2.30 (2.10)       5.72     –0.20 (–1.02 to 0.62)       
Dalrymple-Hay, 1999      56      0.99 (1.20)          56      1.69 (1.20)       7.63     –0.70 (–1.14 to –0.26)      
McGill, 2002             84      0.68 (1.55)          84      1.07 (1.56)       7.51     –0.39 (–0.86 to 0.08)       
Zhao, 2003               30      1.20 (0.27)          30      2.22 (0.40)       8.64     –1.02 (–1.19 to –0.85)      

Subtotal (95% CI)    638                                622 100.00     –0.90 (–1.23 to –0.56)
Test for heterogeneity: �2 = 84.44, df = 17 (p < 0.00001), I2 = 79.9%
Test for overall effect: z = 5.29 (p < 0.00001)
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Units of allogeneic blood transfused, cell salvage versus control,
transfusion protocol

Review: Cell salvage for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 03 Cell Salvage – Blood Transfused (Active vs Control)
Outcome: 07 Units of Allogeneic Blood Transfused (Transfusion Protocol)

Study  Cell salvage  Control  WMD (random)  Weight  WMD (random)
or subcategory N mean (SD) N mean (SD)  95% CI  %  95% CI

01 Transfusion Protocol
Davies, 1987             25      4.00 (3.40)          25      5.50 (5.80)       1.53     –1.50 (–4.14 to 1.14)       
Elawad, 1991             20      0.69 (0.87)          20      2.73 (0.88)       8.06     –2.04 (–2.58 to –1.50)      
Parrot, 1991             21      1.38 (1.50)          22      4.50 (1.75)       5.68     –3.12 (–4.09 to –2.15)      
Shirvani, 1991           21      2.57 (1.73)          21      2.54 (0.95)       6.35       0.03 (–0.81 to 0.87)       
Heddle, 1992             39      0.40 (0.80)          40      1.20 (1.00)       8.83     –0.80 (–1.20 to –0.40)      
Kelley, 1993             18      0.33 (0.69)          18      0.22 (0.55)       8.78       0.11 (–0.30 to 0.52)       
Koopman, 1993/a          17      4.90 (3.40)          20      6.20 (6.00)       1.16     –1.30 (–4.39 to 1.79)       
Koopman, 1993/b          29      0.30 (0.80)          30      1.10 (1.40)       7.85     –0.80 (–1.38 to –0.22)      
Laub, 1993               19      0.64 (1.16)          19      1.30 (1.45)       6.40     –0.66 (–1.49 to 0.17)       
Bouboulis, 1994          42      1.88 (1.50)          33      2.20 (2.00)       6.49     –0.32 (–1.14 to 0.50)       
Ekback, 1995             15      1.90 (1.55)          15      2.70 (1.16)       5.64     –0.80 (–1.78 to 0.18)       
Clagett, 1999            50      2.10 (2.10)          50      2.30 (2.10)       6.47     –0.20 (–1.02 to 0.62)       
Dalrymple-Hay, 1999      56      0.99 (1.20)          56      1.69 (1.20)       8.59     –0.70 (–1.14 to –0.26)      
McGill, 2002             84      0.68 (1.55)          84      1.07 (1.56)       8.46     –0.39 (–0.86 to 0.08)       
Zhao, 2003               30      1.20 (0.27)          30      2.22 (0.40)       9.71     –1.02 (–1.19 to –0.85)      

Subtotal (95% CI)    486                                483 100.00     –0.81 (–1.16 to –0.46)
Test for heterogeneity: �2 = 77.34, df = 14 (p < 0.00001), I2 = 81.9%
Test for overall effect: z = 4.56 (p < 0.00001)

02 No Transfusion Protocol
Schaff, 1978             63      2.40 (2.38)          51      4.80 (4.28)      32.71     –2.40 (–3.71 to –1.09)      
Lepore, 1989             67      2.70 (2.80)          68      3.30 (2.70)      46.03     –0.60 (–1.53 to 0.33)       
Zhao, 1996               22      3.60 (2.40)          20      5.90 (3.48)      21.27     –2.30 (–4.13 to –0.47)      

Subtotal (95% CI)    152                                139 100.00     –1.64 (–2.96 to  –0.33)
Test for heterogeneity: �2 = 6.00, df = 2 (p = 0.05), I2 = 66.7%
Test for overall effect: p = 2.45 (p = 0.01)
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Units of allogeneic blood transfused, cell salvage versus control,
transfusion protocol

Review: Cell salvage for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 03 Cell Salvage – Blood Transfused (Active vs Control)
Outcome: 08 Units Allogeneic Blood Transfused (Type of Surgery)

Study  Cell salvage  Control  WMD (random)  Weight  WMD (random)
or subcategory N mean (SD) N mean (SD)  95% CI  %  95% CI

01 Cardiac
Schaff, 1978             63      2.40 (2.38)          51      4.80 (4.28)       6.39     –2.40 (–3.71, –1.09)      
Lepore, 1989             67      2.70 (2.80)          68      3.30 (2.70)       8.99     –0.60 (–1.53, 0.33)       
Parrot, 1991             21      1.38 (1.50)          22      4.50 (1.75)       8.65     –3.12 (–4.09, –2.15)      
Shirvani, 1991           21      2.57 (1.73)          21      2.54 (0.95)       9.67      0.03 (–0.81, 0.87)       
Koopman, 1993/a          17      4.90 (3.40)          20      6.20 (6.00)       1.77     –1.30 (–4.39, 1.79)       
Laub, 1993               19      0.64 (1.16)          19      1.30 (1.45)       9.75     –0.66 (–1.49, 0.17)       
Bouboulis, 1994          42      1.88 (1.50)          33      2.20 (2.00)       9.88     –0.32 (–1.14, 0.50)       
Zhao, 1996               22      3.60 (2.40)          20      5.90 (3.48)       4.16     –2.30 (–4.13, –0.47)      
Dalrymple–Hay, 1999      56      0.99 (1.20)          56      1.69 (1.20)      13.09     –0.70 (–1.14, –0.26)      
McGill, 2002             84      0.68 (1.55)          84      1.07 (1.56)      12.88     –0.39 (–0.86, 0.08)       
Zhao, 2003               30      1.20 (0.27)          30      2.22 (0.40)      14.79     –1.02 (–1.19, –0.85)      

Subtotal (95% CI)    442                                424 100.00     –0.97 (–1.40, –0.55)
Test for heterogeneity: �2 = 41.62, df = 10 (p < 0.00001), I2 = 76.0%
Test for overall effect: z = 4.51 (p < 0.00001)

02 Orthopaedic
Elawad, 1991             20      0.69 (0.87)          20      2.73 (0.88)      26.53     –2.04 (–2.58, –1.50)      
Heddle, 1992             39      0.40 (0.80)          40      1.20 (1.00)      29.05     –0.80 (–1.20, –0.40)      
Koopman, 1993/b          29      0.30 (0.80)          30      1.10 (1.40)      25.84     –0.80 (–1.38, –0.22)      
Ekback, 1995             15      1.90 (1.55)          15      2.70 (1.16)      18.58     –0.80 (–1.78, 0.18)       

Subtotal (95% CI)    103                                105 100.00     –1.13 (–1.78, –0.48)
Test for heterogeneity: �2 = 15.10, df = 3 (p = 0.002), I2 = 80.1%
Test for overall effect: z = 3.40 (p = 0.0007)

03 Vascular
Davies, 1987             25      4.00 (3.40)          25      5.50 (5.80)       9.10     –1.50 (–4.14, 1.14)       
Kelley, 1993             18      0.33 (0.69)          18      0.22 (0.55)      52.36      0.11 (–0.30, 0.52)       
Clagett, 1999            50      2.10 (2.10)          50      2.30 (2.10)      38.54     –0.20 (–1.02, 0.62)       

Subtotal (95% CI) 93 93 100.00      0.02 (–0.34, 0.38)
Test for heterogeneity: �2 = 1.74, df = 2 (p = 0.42), I2 = 0%
Test for overall effect: z = 0.11 (p = 0.91)

 –10  –5  0  5  10
 Favours cell salvage  Favours control



Appendix 10

162

Relative risk of exposure to allogeneic blood, cell salvage versus
control, language of publication

Review: Cell salvage for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 06 Cell Salvage – Blood Transfused (Language & Methodological Quality)                                        
Outcome: 01 Language of Publication (All Studies)

Study  Cell salvage  Control  RR (random)  Weight  RR (random)
or subcategory  n/N  n/N  95% CI  %  95% CI

01 English
 Thurer, 1979               37/54              40/59          3.45      1.01 (0.79 to 1.30)        
 Dietrich, 1989             17/25              22/25          3.32      0.77 (0.57 to 1.05)        
 Lepore, 1989               50/67              62/68          3.63      0.82 (0.70 to 0.96)        
 Page, 1989                 42/48              45/51          3.65      0.99 (0.86 to 1.15)        
 Eng, 1990                  17/20              17/20          3.43      1.00 (0.77 to 1.30)        
 Elawad, 1991                 6/20              18/20          2.26      0.33 (0.17 to 0.66)        
 Gannon, 1991               16/124            45/115         2.75      0.33 (0.20 to 0.55)        
 Majowski, 1991               7/20              19/20          2.48      0.37 (0.20 to 0.68)        
 Parrot, 1991               13/22              19/22          3.11      0.68 (0.47 to 1.01)        
 Shirvani, 1991             20/21              21/21          3.71      0.95 (0.87 to 1.05)        
 Slagis, 1991               19/51              27/51          2.95      0.70 (0.45 to 1.09)        
 Heddle, 1992               10/39              27/40          2.56      0.38 (0.21 to 0.68)        
 Kelley, 1993                 4/18                3/18          1.05      1.33 (0.35 to 5.13)        
 Koopman, 1993/a            15/17              20/20          3.61      0.88 (0.74 to 1.05)        
 Koopman, 1993/b              5/29              13/30          1.76      0.40 (0.16 to 0.97)        
 Laub, 1993                   5/19              13/19          1.94      0.38 (0.17 to 0.87)        
 Mauerhan, 1993               5/57                6/54          1.34      0.79 (0.26 to 2.44)        
 Schonberger, 1993            1/20                4/20          0.52      0.25 (0.03 to 2.05)        
 Ward, 1993                 15/18                8/17          2.65      1.77 (1.03 to 3.05)        
 Axford, 1994               10/16              14/16          3.00      0.71 (0.47 to 1.09)        
 Bouboulis, 1994            34/42              28/33          3.55      0.95 (0.78 to 1.17)        
 Healy, 1994                20/75              23/43          2.87      0.50 (0.31 to 0.80)        
 Riou, 1994                   1/25                2/25          0.43      0.50 (0.05 to 5.17)        
 Simpson, 1994                0/12                0/12                Not estimable         
 Ayers, 1995                  1/67              15/89          0.56      0.09 (0.01 to 0.65)        
 Mah, 1995                    9/44              26/55          2.36      0.43 (0.23 to 0.83)        
 Rollo, 1995                  5/75                0/38          0.30      5.64 (0.32 to 99.48)       
 Schmidt, 1996              15/53              31/56          2.81      0.51 (0.31 to 0.83)        
 Tempe, 1996                11/50              43/50          2.68      0.26 (0.15 to 0.44)        
 Unsworth, 1996             32/36              31/34          3.64      0.97 (0.83 to 1.14)        
 Newman, 1997                 3/35              28/35          1.39      0.11 (0.04 to 0.32)        
 Shenolikar, 1997             8/50              40/50          2.35      0.20 (0.10 to 0.38)        
 Spark, 1997                  3/23              26/27          1.46      0.14 (0.05 to 0.39)        
 Adalberth, 1998              8/24              10/25          2.11      0.83 (0.40 to 1.75)        
 Clagett, 1999              33/50              36/50          3.42      0.92 (0.70 to 1.19)        
 Dalrymple-Hay, 1999        28/56              46/56          3.36      0.61 (0.46 to 0.81)        
 Sait, 1999                   1/60              35/60          0.59      0.03 (0.00 to 0.20)        
 Martin, 2000               54/98              73/100         3.53      0.75 (0.61 to 0.94)        
 Thomas, 2001               12/115            33/116         2.47      0.37 (0.20 to 0.67)        
 McGill, 2002               26/84              43/84          3.12      0.60 (0.41 to 0.89)        
 Naumenko, 2003               2/32                1/33          0.43      2.06 (0.20 to 21.64)       
 Zhao, 2003                 19/30              30/30          3.40      0.63 (0.48 to 0.83)        

Subtotal (95% CI) 1841               1807 100.00      0.60 (0.51 to 0.71)
Total events: 639 (cell salvage), 1043 (control)
Test for heterogeneity: �2 = 352.00, df = 40 (p < 0.00001), I2 = 88.6%
Test for overall effect: z = 5.94 (p < 0.00001)

02 Non-English
 Lorentz, 1991                8/16              10/15         24.09      0.75 (0.41 to 1.38)        
 Menges, 1992                 8/14              12/12         28.38      0.57 (0.36 to 0.90)        
 Rosencher, 1994              6/20                6/10         18.35      0.50 (0.22 to 1.16)        
 Fragnito, 1995             17/41              27/41         29.18      0.63 (0.41 to 0.96)        

Subtotal (95% CI) 91                   78 100.00      0.62 (0.47 to 0.80)
Total events: 39 (cell salvage), 55 (control)
Test for heterogeneity: �2 = 0.76, df = 3 (p = 0.86), I2 = 0%
Test for overall effect: z = 3.62 (p = 0.0003)
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Relative risk of exposure to allogeneic blood, cell salvage versus
control, methodological quality

Comparison: 06 Cell Salvage – Blood Transfused (Language & Methodological Quality)                                        
Outcome: 02 Methodological Quality (All Studies)                                                                       

Study  Cell salvage  Control  RR (random)  Weight  RR (random)
or subcategory  n/N  n/N  95% CI  %  95% CI

01 Grade B
 Thurer, 1979               37/54              40/59          3.73     1.01 (0.79 to 1.30)        
 Dietrich, 1989             17/25              22/25          3.59     0.77 (0.57 to 1.05)        
 Lepore, 1989               50/67              62/68          3.93     0.82 (0.70 to 0.96)        
 Page, 1989                 42/48              45/51          3.95     0.99 (0.86 to 1.15)        
 Eng, 1990                  17/20              17/20          3.71     1.00 (0.77 to 1.30)        
 Gannon, 1991               16/124            45/115         2.96     0.33 (0.20 to 0.55)        
 Lorentz, 1991                8/16              10/15          2.66     0.75 (0.41 to 1.38)        
 Majowski, 1991               7/20              19/20          2.66     0.37 (0.20 to 0.68)        
 Parrot, 1991               13/22              19/22          3.35     0.68 (0.47 to 1.01)        
 Shirvani, 1991             20/21              21/21          4.01     0.95 (0.87 to 1.05)        
 Slagis, 1991               19/51              27/51          3.18     0.70 (0.45 to 1.09)        
 Heddle, 1992               10/39              27/40          2.76     0.38 (0.21 to 0.68)        
 Menges, 1992                 8/14              12/12          3.14     0.57 (0.36 to 0.90)        
 Mauerhan, 1993               5/57                6/54          1.44     0.79 (0.26 to 2.44)        
 Schonberger, 1993            1/20                4/20          0.55     0.25 (0.03 to 2.05)        
 Ward, 1993                 15/18                8/17          2.85     1.77 (1.03 to 3.05)        
 Axford, 1994               10/16              14/16          3.24     0.71 (0.47 to 1.09)        
 Bouboulis, 1994            34/42              28/33          3.83     0.95 (0.78 to 1.17)        
 Healy, 1994                20/75              23/43          3.10     0.50 (0.31 to 0.80)        
 Riou, 1994                   1/25                2/25          0.46     0.50 (0.05 to 5.17)        
 Rosencher, 1994              6/20                6/10          2.02     0.50 (0.22 to 1.16)        
 Simpson, 1994                0/12                0/12                Not estimable         
 Fragnito, 1995             17/41              27/41          3.23     0.63 (0.41 to 0.96)        
 Mah, 1995                    9/44              26/55          2.54     0.43 (0.23 to 0.83)        
 Tempe, 1996                11/50              43/50          2.89     0.26 (0.15 to 0.44)        
 Unsworth, 1996             32/36              31/34          3.93     0.97 (0.83 to 1.14)        
 Newman, 1997                 3/35              28/35          1.50     0.11 (0.04 to 0.32)        
 Shenolikar, 1997             8/50              40/50          2.53     0.20 (0.10 to 0.38)        
 Clagett, 1999              33/50              36/50          3.70     0.92 (0.70 to 1.19)        
 Dalrymple-Hay, 1999        28/56              46/56          3.63     0.61 (0.46 to 0.81)        
 Sait, 1999                   1/60              35/60          0.63     0.03 (0.00 to 0.20)        
 Martin, 2000               54/98              73/100         3.82     0.75 (0.61 to 0.94)        
 Tempe, 2001                12/20              20/20          3.44     0.60 (0.42 to 0.86)        
 Thomas, 2001               26/84              43/84          3.36     0.60 (0.41 to 0.89)        
 Zhao, 2003                 19/30              30/30          3.68     0.63 (0.48 to 0.83)        

Subtotal (95% CI) 1460               1414 100.00     0.64 (0.55 to 0.75)
Total events: 609 (cell salvage), 935 (control)
Test for heterogeneity: �2 = 268.29, df = 33 (p < 0.00001), I2 = 87.7%
Test for overall effect: z = 5.54 (p < 0.00001)

02 Grade C
 Elawad, 1991                 6/20              18/20         11.11     0.33 (0.17 to 0.66)        
 Kelley, 1993                 4/18                3/18          5.16     1.33 (0.35 to 5.13)        
 Koopman, 1993/a            15/17              20/20         17.82     0.88 (0.74 to 1.05)        
 Koopman, 1993/b              5/29              13/30          8.64     0.40 (0.16 to 0.97)        
 Laub, 1993                   5/19              13/19          9.55     0.38 (0.17 to 0.87)        
 Ayers, 1995                  1/67              15/89          2.76     0.09 (0.01 to 0.65)        
 Rollo, 1995                  5/75                0/38          1.45     5.64 (0.32 to 99.48)       
 Schmidt, 1996              15/53              31/56         13.84     0.51 (0.31 to 0.83)        
 Spark, 1997                  3/23              26/27          7.14     0.14 (0.05 to 0.39)        
 Adalberth, 1998              8/24              10/25         10.39     0.83 (0.40 to 1.75)        
 McGill, 2002               12/115            33/116        12.14     0.37 (0.20 to 0.67)        

Subtotal (95% CI) 460                 458 100.00     0.47 (0.27 to 0.83)
Total events: 79 (cell salvage), 182 (control)
Test for heterogeneity: �2 = 72.79, df = 10 (p < 0.00001), I2 = 86.3%
Test for overall effect: z = 2.60 (p = 0.009)
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Appendix 11

PAD meta-analyses

Meta-analysis and subgroup analysis results for the PAD updatea

Outcome Meta- No. No. of events/ No. of events/ RR 95% CI Heterogeneity 
analysis of No. of No. of (random p-value

RCTs participants participants effects)
in cell salvage in control

No. of patients All studies 11 149/716 375/707 0.36 0.25 to 0.51 p = 0.0005

transfused with I2 = 69.6%

allogeneic blood Transfusion 7 138/585 299/611 0.48 0.38 to 0.60 p = 0.18

protocol I2 = 34.3%

No 4 11/121 76/96 0.12 0.04 to 0.33 p = 0.08

transfusion I2 = 56.2%

protocol

Orthopaedic 5 21/221 75/204 0.21 0.11 to 0.43 p = 0.07

I2 = 56.9%

Oncology 5 128/467 280/483 0.49 0.38 to 0.63 p = 0.15
I2 = 41.3%

Oral 1 0/28 20/20 0.02 0.00 to 0.28 NA

No. of patients All studies 9 496/620 343/612 1.33 1.10 to 1.61 p < 0.00001

transfused with I2 = 80.6%

allogeneic/ Transfusion 5 384/499 267/516 1.48 1.16 to 1.89 p = 0.001
autologous protocol I2 = 78.2%
blood

No 4 112/121 76/96 1.10 0.95 to 1.29 p = 0.26

transfusion I2 = 24.8%

protocol

Orthopaedic 3 105/125 43/109 1.78 0.61 to 5.20 p < 0.00001

I2 = 97.2%

Oncology 5 363/467 280/483 1.38 1.20 to 1.58 p = 0.13
I2 = 44.5%

Any thrombosis All studies 3 6/140 3/110 0.82 0.21 to 3.13 p = 0.53
I2 = 0%

Any infection All studies 3 74/309 81/312 0.70 0.34 to 1.43 p = 0.07
I2 = 61.9%

a Studies in bold italic indicate where data have been added as a result of the update of the cell salvage systematic review.
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Meta-analysis and subgroup analysis results for the PAD updatea

Outcome Meta- No. of No. of No. of WMD 95% CI Heterogeneity 
analysis included participants participants (random p-value

RCTs in cell salvage in control effects)

Preoperative All studies 5 267 267 –1.16 –1.60 to –0.73 p = 0.004

Hb levels (g/dl) I2 = 73.9%

a Studies in bold italic indicate where data have been added as a result of the update of the cell salvage systematic review.

Relative risk of exposure to allogeneic blood, PAD versus control, type
of surgery

Review: Pre-operative autologous donation for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 01 PAD vs Control (Blood Transfused)                                                                          
Outcome: 02 No. Exposed to Allogeneic Blood Transfusion (Operation Type)

Study  PAD  Control  RR (random)  Weight  RR (random)
or subcategory  n/N  n/N  95% CI  %  95% CI

01 Orthopaedic
 Elawad, 1991                 3/45                14/15          6.82     0.07 (0.02 to 0.21)      
 Lorentz, 1991                2/16                10/15          5.19     0.19 (0.05 to 0.72)      
 Hedstrom, 1996               7/38                29/40         11.10     0.25 (0.13 to 0.51)      
 Billote, 2002                0/42                  0/54                Not estimable         
 Bezwada, 2003                9/80                22/80         10.90     0.41 (0.20 to 0.83)      

Subtotal (95% CI) 221                   204  34.02     0.21 (0.11 to 0.43)
Total events: 21 (PAD), 75 (Control)
Test for heterogeneity: �2 = 6.97, df = 3 (p = 0.07), I2 = 56.9%
Test for overall effect: z = 4.35 (p < 0.0001)

02 Oncology
 Hoynck, 1992               30/131              84/137        16.23     0.37 (0.27 to 0.53)      
 Busch, 1993                66/239            133/236        17.59     0.49 (0.39 to 0.62)      
 Heiss, 1993                20/58                37/62         15.25     0.58 (0.38 to 0.87)      
 Kajikawa, 1994               1/10                13/21          3.04     0.16 (0.02 to 1.07)      
 Heiss, 1997                11/29                13/27         12.31     0.79 (0.43 to 1.45)      

Subtotal (95% CI) 467                   483  64.41     0.49 (0.38 to 0.63)
Total events: 128 (PAD), 280 (Control)
Test for heterogeneity: �2 = 6.82, df = 4 (p = 0.15), I2 = 41.3%
Test for overall effect: z = 5.48 (p < 0.00001)

03 Oral and maxilofacial
 Christopoulou, 2001          0/28              20/20          1.57     0.02 (0.00 to 0.28)      

Subtotal (95% CI) 28                   20   1.57     0.02 (0.00 to 0.28)
Total events: 0 (PAD), 20 (Control)
Test for heterogeneity: not applicable
Test for overall effect: z = 2.88 (p = 0.004)

Total (95% CI) 716                 707 100.00     0.36 (0.25 to 0.51)
Total events: 149 (PAD), 375 (Control)
Test for heterogeneity: �2 = 29.56, df = 9 (p = 0.0005), I2 = 69.6%
Test for overall effect: z = 5.64 (p < 0.00001)
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Relative risk of exposure to allogeneic blood, PAD versus control,
transfusion protocol

Review: Pre-operative autologous donation for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 01 PAD vs Control (Blood Transfused)                                                                          
Outcome: 03 No. Exposed to Allogeneic Blood Transfusion (Transfusion Protocol)

Study  PAD  Control  RR (random)  Weight  RR (random)
or subcategory  n/N  n/N  95% CI  %  95% CI

01 Transfusion Protocol
 Lorentz, 1991                2/16                10/15          5.19     0.19 (0.05 to 0.72)      
 Hoynck, 1992               30/131              84/137        16.23     0.37 (0.27 to 0.53)      
 Busch, 1993                66/239            133/236        17.59     0.49 (0.39 to 0.62)      
 Heiss, 1993                20/58                37/62         15.25     0.58 (0.38 to 0.87)      
 Heiss, 1997                11/29                13/27         12.31     0.79 (0.43 to 1.45)      
 Billote, 2002                0/42                  0/54                Not estimable         
 Bezwada, 2003                9/80                22/80         10.90     0.41 (0.20, 0.83)        

Subtotal (95% CI) 595                   611  77.46     0.48 (0.38, 0.60)
Total events: 138 (PAD), 299 (Control)
Test for heterogeneity: �2 = 7.61, df = 5 (p = 0.18), I2 = 34.3%
Test for overall effect: z = 6.31 (p < 0.00001)

02 No Transfusion Protocol
 Elawad, 1991                 3/45                14/15          6.82     0.07 (0.02 to 0.21)      
 Kajikawa, 1994               1/10                13/21          3.04     0.16 (0.02 to 1.07)      
 Hedstrom, 1996               7/38                29/40         11.10     0.25 (0.13 to 0.51)      
 Christopoulou, 2001          0/28                20/20          1.57     0.02 (0.00 to 0.28)      

Subtotal (95% CI) 121                   96  22.54     0.12 (0.04 to 0.33)
Total events: 11 (PAD), 76 (Control)
Test for heterogeneity: �2 = 6.84, df = 3 (p = 0.08),  I2 = 56.2%
Test for overall effect: z = 4.08 (p < 0.0001)

Total (95% CI) 716                   707 100.00     0.36 (0.25 to 0.51)
Total events: 149 (PAD), 375 (Control)
Test for heterogeneity: �2 = 29.56, df = 9 (p = 0.0005),  I2 = 69.6%
Test for overall effect: z = 5.64 (p < 0.00001)
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Relative risk of exposure to allogeneic/autologous blood, PAD versus
control, type of surgery

Review: Pre-operative autologous donation for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 01 PAD vs Control (Blood Transfused)                                                                          
Outcome: 05 No. Exposed to Allogeneic/Autologous Blood Transfusion (Operation Type)                                  

Study  PAD  Control  RR (random)  Weight  RR (random)
or subcategory  n/N  n/N  95% CI  %  95% CI

01 Orthopaedic
 Elawad, 1991                 43/45              14/15         16.81      1.02 (0.88 to1.19)        
 Hedstrom, 1996               33/38              29/40         14.80      1.20 (0.95 to 1.50)        
 Billote, 2002                29/42                0/54          0.47    75.47 (4.75 to 1200.21)    

Subtotal (95% CI) 125                 109  32.08      1.78 (0.61 to 5.20)
Total events: 105 (PAD), 43 (Control)
Test for heterogeneity: �2 = 71.48, df = 2 (p < 0.00001), I2 = 97.2%
Test for overall effect: z = 1.05 (p = 0.29)

02 Oncology
 Hoynck, 1992                 96/131             84/137        16.35      1.20 (1.01 to 1.41)        
 Busch, 1993               178/239            133/236        17.13      1.32 (1.16 to 1.51)        
 Heiss, 1993                  53/58              37/62         15.02      1.53 (1.23 to 1.91)        
 Kajikawa, 1994                 8/10              13/21          9.06      1.29 (0.82 to 2.04)        
 Heiss, 1997                  28/29              13/27         10.36      2.01 (1.35 to 2.98)        

Subtotal (95% CI) 467                 483  67.92      1.38 (1.20 to 1.58)
Total events: 363 (PAD), 280 (Control)
Test for heterogeneity: �2 = 7.20, df = 4 (p = 0.13), I2 = 44.5%
Test for overall effect: z = 4.59 (p < 0.00001)

03 Oral and maxilofacial
 Christopoulou, 2001          28/28              20/20                Not estimable         

Subtotal (95% CI) 28                   20         Not estimable
Total events: 28 (PAD), 20 (Control)
Test for heterogeneity: not applicable
Test for overall effect: z = 0.00 (p = 1.00)

Total (95% CI) 620                612 100.00      1.33 (1.10 to 1.61)
Total events: 496 (PAD), 343 (Control)
Test for heterogeneity: �2 = 35.99, df = 7 (p < 0.00001), I2 = 80.6%
Test for overall effect: z = 2.94 (p = 0.003)
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Relative risk of exposure to allogeneic/autologous blood, PAD versus
control, transfusion protocol

Review: Pre-operative autologous donation for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 01 PAD vs Control (Blood Transfused)                                                                          
Outcome: 06 No. Exposed to Allogeneic/Autologous Blood Transfusion (Transfusion Protocol) 

Study  PAD  Control  RR (random)  Weight  RR (random)
or subcategory  n/N  n/N  95% CI  %  95% CI

01 Transfusion Protocol
 Hoynck, 1992                96/131              84/137        16.35      1.20 (1.01 to 1.41)        
 Busch, 1993               178/239            133/236        17.13      1.32 (1.16 to 1.51)        
 Heiss, 1993                 53/58                37/62         15.02      1.53 (1.23 to 1.91)        
 Heiss, 1997                 28/29                13/27         10.36      2.01 (1.35 to 2.98)        
 Billote, 2002               29/42                  0/54          0.47    75.47 (4.75 to 1200.21)    

Subtotal (95% CI) 499                   516  59.33      1.48 (1.16 to 1.89)
Total events: 384 (PAD), 267 (Control)
Test for heterogeneity: �2 = 18.35, df = 4 (p = 0.001), I2 = 78.2%
Test for overall effect: z = 3.15 (p = 0.002)

02 No Transfusion Protocol
 Elawad, 1991                43/45                14/15         16.81      1.02 (0.88 to 1.19)        
 Kajikawa, 1994                8/10                13/21          9.06      1.29 (0.82 to 2.04)        
 Hedstrom, 1996              33/38                29/40         14.80      1.20 (0.95 to 1.50)        
 Christopoulou, 2001         28/28                20/20                Not estimable         

Subtotal (95% CI) 121                   96  40.67      1.10 (0.95 to 1.29)
Total events: 112 (PAD), 76 (Control)
Test for heterogeneity: �2 = 2.66, df = 2 (p = 0.26), I2 = 24.8%
Test for overall effect: z = 1.27 (p = 0.20)

Total (95% CI) 620                  612 100.00      1.33 (1.10 to 1.61)
Total events: 496 (PAD), 343 (Control)
Test for heterogeneity: �2 = 35.99, df = 7 (p < 0.00001), I2 = 80.6%
Test for overall effect: z = 2.94 (p = 0.003)

 0.1  0.2  0.5  1  2  5  10

 Favours PAD  Favours control

Relative risk of exposure to allogeneic/autologous blood, PAD versus
control, preoperative haemoglobin levels

Review: Pre-operative autologous donation for minimising perioperative allogeneic blood transfusion (updated)
Comparison: 01 PAD vs Control (Blood Transfused)                                                                          
Outcome: 07 Pre-operative haemoglobin levels (g/dL)

Study  PAD  Control  WMD (random)  Weight  WMD (random)
or subcategory N mean (SD) N mean (SD)  95% CI  %  95% CI

Hoynck, 1992            108  12.20 (1.45)      90  13.80 (1.52)      22.04    –1.60 (–2.02 to –1.18)      
Heiss, 1993               58  12.30 (1.10)      62  14.00 (1.20)      22.14    –1.70 (–2.11 to –1.29)      
Kajikawa, 1994            21  12.30 (1.22)      21  12.90 (1.22)      15.35    –0.60 (–1.34 to 0.14)       
Hedstrom, 1996            38  12.70 (1.20)      40  13.50 (1.00)      20.40    –0.80 (–1.29 to  –0.31)      
Billote 2002             42  12.90 (1.30)      54  13.80 ( 1.20)      20.07    –0.90 (–1.41 to –0.39)      

Total (95% CI)    267                          267 100.00    –1.16 (–1.60 to –0.73)
Test for heterogeneity: �2 = 15.33, df = 4 (p = 0.004), I2 = 73.9%
Test for overall effect: z = 5.27 (p < 0.00001)

 –4  –2  0  2  4
 Favours PAD  Favours control
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Appendix 13

Table of included economic evaluations
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